O 
es 
SY) 
~_ 
a 
< 
. 
eS 
> 
O 
o 
eo 
Z 
ea 


R AND Tue Encinerr, M 


* 
c) 
4 


Supplement to Pow: 


Vol. 30, No. 11. 


icle, “Energy 
‘eilson. 


ing artic 


By R. M. 


Accompany 


Mechanical Energy. Foot Pounds per pound of S$ 


160,000 


150,000 


140,000 


130,000 


120,000 


110,000 


100,000 


Final Pressure. Pounds per 


Mechanical Energy obtained from the Isentropic Expansion 
of 
Saturated Steam 
The numeral on each curve indicates the absolute initial steam pressure in Ibs. per sq. in. 
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In another instance, with a horizontal 
3s-compound condensing engine with 
dc toff on the high-pressure cylinder, 

‘ tion of pressure in the receiver 
fteen pounds to three pounds was 
nied by an increase of about 
r cent. in the amount of work 
the engine. . 





Cast Steel Flanges 


A correspondent asks if there is any 
indard for cast-steel flanges. We do 
know of any. The diameters and 
illing are usually in conformity with 
e standard for cast-iron flanges de- 
ribed on page 796 of our issue of May 
, 1908. Those who use cast steel to 
ve weight and material will make them 
’ hter; those who use it for greater 
ength will usually use the same pat- 
-‘ns that they do for cast iron. 





ng Coal on the B.tu. Basis 


- do you buy your coal? Do you 
* 4t on its past reputation, or upon the 
iC f some other user? Do you ac- 
ibsolute truth the assurances of 
‘g agent as to the number of 
‘tained per pound and the per- 
it’ of ash and volatile matter? Do 
11. a “proximate” or perhaps a 
.rtita'.ve analysis made? Do you buy 
on th. basis of the highest number, of 
units per dollar, or do you make 
orative tests and select a coal giving 
ighest evaporation per dollar? 
tlese various ways of determining 
coal to buy, the two last enumerated 
be considered as the really practical 
‘nods. What is wanted is a coal which 
. ll evaporate the largest possible number 
— pounds of water per dollar’s worth and 
ive the least possible amount of ash to 
carried away. Evaporative tests should 
e this information and the results ob- 
ed should, with careful work, be ap- 
ximately accurate, more especially as 
sample coal is burned under the 
er and on the grates on which the 
‘hased coal is to be fired. In this re- 
1, however, much depends on the fire- 
1 and a great deal upon maintaining 
same boiler conditions throughout two 
‘secutive tests. The load on the boiler, 
draft and the condition as to cleanli- 
of the heating surface are very ir- 
ular, and a variation in any one of the 
ree, or in the thickness of the fuel bed, 
ight easily make a considerable differ- 
ice in the results of the test. 
luying coal on the B.t.u. per pound 
‘is would appear to be a step in advance, 
st as practical as and more accurate 
in the evaporation method, as it obvi- 
ates all the errors entering into a practical 
boiler test. Besides, taking a small sam- 
ple of coal and burning it in an atmos- 


eperiod of time. 
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phere of oxygen in a bomb calorimeter is 
much simpler and easier than to conduct 
a test requiring several hundred pounds 
of coal and extending over a considerable 
From the data obtained 
in the calorimeter test, which are the read- 
ings of the thermometer, the B.t.u. per 
pound of coal can be most readily com- 
puted, and the result is in practical form, 
giving in a nutshell the exact informa- 
tion wanted by the busy man. For in- 
stance, the engineer, in reporting an en- 
gine test to the manager, does not give 
him the diameter of the cylinder, length 
of stroke, number of revolutions per min- 
ute and mean effective pressure, and 
leave it to his judgment as to whether or 
not the engine is overloaded. He may 
give him these data, but the indicated 
horsepower is by all means incorporated 
in the results, and this one figure is ex- 
actly what is wanted, as it is really a 
summation of all the other data, and 
means more to the manager and engineer 
as well. Much the same may be said of 
the British thermal unit when used to ex- 
press the commercial value of a fuel. The 
busy manager or engineer has not the 
time to delve into the hydrogen, nitrogen 
and carbon, contents of the fuel or, per- 
haps, the percentage of ash and moisture, 
and in some cases may lack the ability to 
read an intelligent answer in these figures. 
The B.t.u. put the whole or greater part 
of the facts in concrete form and give 
something tangible by which to compare 
the various coals. 

It cannot be claimed that the B.t.u. 
method is perfect, for like most other 
methods it has its faults. The sample 
taken may not fairly represent the coal, 
but in any case a poorly taken sample will 
give dissatisfaction no matter how com- 
plete an analysis is made. Another objec- 
tion which might be raised is the higher 
price usually demanded when coal is 
bought on this basis. The mine owner is 
not sure that his coal will have a uni- 
form value throughout the year, even 
when taken from the same mine, and as 
a sinking fund to make good any forfeit 
he may be obliged to pay if the quality 
should drop below contract specifications, 
the price is raised ten to twenty-five cents 
per ton. This addition to the price is not 
exorbitant, and if the mine owner can 
afford to take the risk for, so small a sum, 
why cannot the buyer? 


Some precaution is necessary, however, 
in using this ‘method. Two coals may 
contain nearly the same number of. B.t.u. 
per pound and one may not evaporate 
nearly as much water as the other; due to 
its high volatile tontents. For instance, 
Pocahontas :coal, which is high in car- 
bon and low in volatile, and contains 
about 14,700 B.t.u. per pound, will evapo- 
rate approximately ten pounds of water; 
Illinois coal of 11,000 B.t.u., which is high 
in volatile, will evaporate but little over 
six pounds of 


water. Consequently a 
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comparison by the 
not fairly determine 


B.t.u. method would 
the relative values of 
the fuels. Restricting the compari- 
son to the same or similar would 
obviate this objection, that is, this method 
could be used with accuracy to compare 
different grades of Pocahontas or Illinois 
coals, and either one of these two coals 
might be compared with others of simi- 
lar quality. With hard the B.t.u. 
comparison should be even more accurate, 
as the hydrogen content bears a_ small 
ratio to the total combustible, and there 
is no such necessity of distinguishing be- 
tween the heating values of carbon and 
hydrogen. 


two 


coals 


coals 


It would then appear that the chief 
trouble with the B.t.u. method is to ob- 
tain a representative sample. There is 
no good reason why the sample should 
not fairly represent the coal to be de- 
livered, and just as soon as the sampling 
is pyt on this basis and the mine owners 
can be induced to adopt this method of 
selling without raising the price materi- 
ally, the B.t.u. basis, on account of its sim- 
plicity and accuracy, is likely to be gener- 
ally adopted. 





New York’s Opportunity 


Speaker Wadsworth, of the New York 
Assembly, in a recent address on “Forest 
Preservation and Conservation of Water 
Supply,” had the following to say about 
New York State’s opportunity : 

“The report of the water-supply com- 
mission proceeds to show that with com- 
plete utilization of all storage possibili- 
ties an eventual development of horse- 
power could be attained exceeding the 
present development by 100 per cent., and 
this without taking into consideration the 
Niagara and St. Lawrence rivers. And 
they estimate that as a result of the fail- 
ure of the State to install a comprehen- 
sive system of water storage, twelve mil- 
lion dollars’ worth of energy is running 
to waste annually in this State, and the 
great bulk of that in the rivers rising in 
the Adirondack region. 

“T submit that it is unreasonable, short- 
sighted and absurd to allow four-tenths 
of one per cent. of the State’s forests to 
stand in the way of this great increase of 
prosperity which lies ready at our hands. 
In my judgment, the State should build 
these storage reservoirs recommended by 
the water-supply commission, and should 
absolutely control them for all time; and 
I am of the further opinion that a plan 
can be devised by which the State can 
derive an income thereby sufficient, in a 
comparatively short space of time, to pay 
the cost of construction, the cost of main- 
tenance, and leave a considerable surplus 
to go into the State treasury for the sup- 
port of the general government for years 
to come.” 
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Power Plant Machinery and Appliances 


Original 
No 


Descriptions 
Manufacturers’ 


of 
or 


Cuts 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


The “U. S.” Tube Blower 





This is a device for blowing soot out of 
boiler tubes with the draft. A casing 
passes through the rear wall of the boiler 
setting, and a T-shaped cast chamber out- 
side the wall receives a 1%4-inch supply 
pipe. Directly under this pipe in the 
chamber is a drain cock to dispose of the 
condensation, and on the end of the cham- 
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ber is a stuffing box, through which the 
handle rod passes to an inner tube which 
just fillssthe casing. 

On the end of this tube is a hollow cast- 
iron arm, one-half the diameter of the 
boiler in length, having a 1/16-inch slot 
its entire length on the side toward the 
boiler. By pushing the rod endwise this 
arm is pushed close to the rear end of 
the tubes ‘into which the steam is deliv- 
ered in a thin sheet. By means of a han- 


134 Steam Pipe 





i, Drain Cock 






” 
Vg Slot through 
which Steam is 
Discharged in- 
to rear End of 
Tubes, 










INTERESTING 


dle secured to a rod the arm may be r 
volved so it reaches all of the tubes. 

The blower can be used while running, 
and when not in use the arm is pulled 
back and placed in a horizontal position 
on a shelf, where it is not exposed to the 
heat. 

This tube blower is manufactured b 
the U. S. Specialty Manufacturing Com 
pany, People’s building, Pittsburg, Penn. 





*‘Anti-Rust”’ 





A preparation which has been success- 
fully used for preventing rust is known 
commercially as “Anti-Rust,” prepared for 
the market by F. L. Melville, 192 Front 
street, New York City. This product is 
semiliquid in form, easily applied and not 
affected by changes of temperature, it is 
said. It is readily removed from the 
surface treated without resorting to the 
use of benzine or other cutting agents. 
“Anti-Rust” is said to have given good 
results under all manner of severe tests, 
notably in the protection of iron from 
the corroding influence of salt water and 
in long continued open-air tests. 





Little Giant Tube Cleaner 





The “Little Giant” tube cleaner, which 
is made by the Poole Manufacturing 
Company, 310 Broadway, Albany, N. Y., 
is shown herewith. It is a mechanical 
cleaner, the head of which is driven for- 
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I. TYPE OF CLEANER USED IN FIRE-TUBE BOILERS 
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ward by a spline shaft set in the hollow 
shaft of a rotary engine. 

Fig. 1 shows the type of cleaner used 
vith fire-tube boilers. The spiral portion 
is composed of small cutters which cut 
the scale, while the brush at the inner end 
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The Zenith Rear End Flue 


Blower 
illustrated a flue 
blower to be attached to the combustion 


Herewith is new 

















FIG, 2. CLEANER USED FOR WATER-TUBE BOILERS 


pushes the loosened deposit out of the 
tube. 

Fig. 2 shows the cleaner for water-tube 
boilers. This cleaner is composed of a 
number of cutting wheels, and a cutting 
head. The cutting wheels, as they are 
revolved in the tube, remove the scale or 
accumulation by coming into direct con- 
tact with it. It is claimed that this 
cleaner does its work in a remarkably 
short time and is very effectual in its 
operation. 





Ames Alloy Sheet Packing 





kind of sheet 
packing has been placed on the market, 
known as the, Ames alloy high-pressure 
sheet packing, manufactured by the 
United States Indestructible Gasket Com- 
pany, 16 South William street, New York 
City. 


A new high-pressure 


This packing, as its name implies, is 
erdinarily made in sheet form in thick- 
nesses of 1/64, 1/32, 1/16 and 3/32 inch 
and up to 48 inches wide, but other thick- 
nesses mag be had. It is suitable for use 
on flanges, valves, steam chests, ete., or 
where the ordinary type of sheet pack- 
ing is used. 

It is claimed that this packing does not 
melt under about 700 degrees Fahrenheit, 
ind that it has been tested up to 6000 
pounds pressure, which would make it 
suitable for the highest steam or hydrau- 
lic work. It is claimed that it does not 
stick to anges in patches when the joint 
is broken, and that it will not deteriorate, 


dry out nor crack if subject to months or 


rears f standing in stock, or service. {t 
is also claimed that it is suitable for use 
in contact with oils, acids, heat, gas fumes 
and steam, and is waterproof. It 
ily cut, it only being necessary to make 
scratch on each side of the packing 

when bent, easily breaks to the 
desired shape. 


_. 
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moves a hollow rod having a handle at 
tached. The member of the rod, 
which has a length equal to the radius of 
the tube sheet, is perforated with holes 
corresponding to the tubes of the boiler 
and swings on a steam-tight joint. The 
steam enters the ports in the hollow rod 
and, by turning the handle, all the tubes 
are cleaned by a jet of steam, and the 
soot 


inner 


in the same direction 
as the draft of the boiler. 


is blown out 


Fig. 2 shows the blower in operation on 
a return-tubular boiler, and Fig. 3 shows 
it withdrawn from the combustion cham- 
ber. When not in use all parts of the ap- 
paratus are removed from the influence 
of the heat and gases, and a disk on the 
end of the blower closes the aperture 
through which the swinging joint is in- 
serted. F. M: Harmon, 681 East One 


Hundred and Seventeenth street, Cleve- 
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DETAILS OF CONSTRUCTION 


OF ZENITH FLUE BLOWER 
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which 


and 
withdrawn from the influence of the hot 


chamber, is arranged to be 
gases when not in use. The device 1s 
made by the Zenith Manufacturing Com- 
pany, of Duluth, Minn., and its construc- 
tion is shown in Fig. 1. 

It consists of a hollow casting, with a 
packing nut at each end, through which 


land, O., is agent for the central States. 





At the March meeting of the Brooklyn 
Polytechnic Institute student section of 
the A. S. M. E., George A. Orrok 
lectured on “The Gas Blast 
Furnace 


Engine in 
Practice.” 
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Ladies’ Night in Brooklyn 


Brooklyn Association No. 8, National 
Association of Stationary Engineers, held 
a social session on Saturday evening, 
March 6, to which the ladies were invited, 
in the rooms of the association; and as 
many more of the fair sex came than 
were expected the rooms were over- 
crowded. The next ladies’ night should 
be held in a larger hall. Frank Martin 
acted as master of ceremonies and intro- 
duced the following entertainers: “Bert” 
Self, Frank Corbett, “Joe” McKenna, 
“Billy” Murray, “Jack” Armour, “Dan” 
Quinn, Harry Elder, “Joe” Matier, 
“Charles Kronland, “Jack” Tracy, N. H. 
Kenney and G. J. Sullivan. Refreshments 
were served. 

James O. Westterg was chairman of the 
scominittee of arrangements. 





Business Items 





The Ohio Blower Company, of Cleveland, Ohio, 
includes among its recent sales three oil separa- 
tors, eight steam separators and six cast-iron 
exhaust heads. 

The American Fire Brick Company, Spokane, 
Wash., has given an order to the Minneapolis 
Steel and Machinery Company for a 20x42 
heavy-duty Twin City Corliss engine, to be in 
stalled in its new plant at Mica, Wash. 

Recent large orders taken by the Crocker- 
Wheeler Company, of Ampere, N. J., include 
eight generators of various types, with capacities 
ranging frm 50 to 800: kilowatts; eight motors 
for printing presses, three for elevators and 
a 40-horsepower induction motor. 


“High-grade Petroleum Grease Lubrication” 
is the title of a 4-page (with stiff paper 
covers) pamphlet just issued by the Key- 
stone Lubricating Company, of Philadelphia. 
It is devoted to contrasting some of the ad- 
vantages, or disadvantages, in the use of oil 
for lubrication with those of grease. 


The engineer of the Schauss Manufacturing 
Company, Toledo, Ohio, W. F. Brubaker, writes 
to the Buckeye Boiler Skimmer Company, 
South End, Toledo, Ohio, and says: “The 
floating skimmers you placed in our McNaull 
boilers are certainly all right. I ran six weeks 
without, cleaning, and on opening the boilers 
I was surprised to find clear water in the bottom 
of the front water leg, which I expected to find 
half full of mud. The boilers were absolutely 
clean all through.” 

The DuBois Iron Works, manufacturer of 
DuBois gas engines and steam and power 
pumps, has been awarded the contract for 
the complete equipment and installation of 
the pumping station for the Clarion water 
works, Clarion, Penn., the machinery pur- 
chased consisting of one 150-horsepower Du 
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Bois tandem natural-gas engine geared to a 
million-gallon pump, one 50-horsepower unit 
for driving the air compressor and one cen: 


trifugal pump, together with the necessary 
fittings, ete. The plant is an auxiliary to 


the present steam-pumping equipment, which 
will eventually be replaced by a duplicate of 
the new gas-engine-driven unit. The engines 
and pumps will work against wu head of 685 
feet, pumping through 4000 feet of 10-inch 
main to the standpipe. A complete new 
power station is being erected. The DuBois 
works has also been awarded the contract for 
a 160-horsepower Twin tandem gas engine, 
direct-connected to 100-kilowatt generator, 
for the lighting plant of the seventy-fourth 
regiment armory at Buffalo, N. Y 


The sales organization of the Northern 
Electrical Manufacturing Company has, for 
the purpose of economy, been consolidated 
with that of the Fort Wayne Electric Works, 
Fort Wayne, Ind. The Northern company 
has in the past confined itself to the manu- 
facture and sale of direct-current apparatus, 
while the business of the Fort Wayne com- 
pany has consisted very largely of alternat- 
ing-current apparatus. In putting these two 
lines of product into the hands of one com- 
bined sales organization they are adding 
greatly to the efficiency and capability of 
each salesman, and are also making it more 
convenient for the public. They wish to 
make it particularly clear that the manu- 
facture of present designs will be continued 
and that particular attention will be given, 
as in the past, to manufacturing and carry- 
ing at Madison a large stock of repair parts 
as well as completed machines. They confi- 
dentty expect the result of this arrangement 
will be greater satisfaction to their joint cus- 
tomers and a steady increase in the volume of 
business of the respective plants. 





New Equipment 


A. H. Deiters and B. Davis, owners of the 
electric-light plant at Dickinson, N. D., are con- 
sidering plans for erecting an addition and the 
installation of two more boilers. 


The Terre Haute, Indianapolis & Eastern 
Traction Company, Terre Haute, Ind.,_ is 
planning to increase the output of plant. New 
steam turbine boilers, ete., will be installed. 

The Albert Lea (Minn.) Light and Power 
Company has planned extensive improve- 
ments at its plant which will include installa- 
tion of new generator, transformers, boilérs, 
ete. 





Help Wanted 


Advertisements under this heading are 
serted for 25 cents per line. 
make a line. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 


F in- 
About six words 
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WANTED—tThoroughly competent steam 
specialty salesman; one that can sell high- 
grade goods. Address “M. M. Co. Power. 


WE WANT REPRESENTATIV ES to handle 
metallic packing in Pittsburg, Cleveland and 


Cincinnati. National Metallic Packing (Co 
Oberlin, O. 
WANTED—For the engineering depari 


ment of a manufacturing establishment bui! d 
ing hydraulic machinery, a young man, co! 
lege graduate with one or two years’ shop 
and drawing room experience; one that wi! 
develop into an engineering salesman. State 
age, experience, education, wages to stuart, 
and send samples of drawings. Box 9, Powen. 


Situations Wanted 


Advertisements under this head are in- 
serted for 25 cents per line. About six words 
make a line. 

MANAGER, sales manager: or traveling 
commercial engineer; 20 years’ experience, 
electrical and mechanical lines. M. 4 Har 


wood, 20 Howard Place, Jersey City, N. J. 


POSITION WANTED anywhere by engineer 
with Massachusetts license; experienced hote! 
and power station work, a.c. and d.c. gen 
erators, absorption and compression — ice 
machines. Box 10, PowEr. 


YOUNG MAN, four years’ technical college 
training in department of mechanical engi 
neering, wishes to hear from consulting en- 
gineers’ establishment desirous of such a man 
to enter their services. Box 8, POWER. 


Miscellaneous 


Advertisements under this 
serted for 25 cents per line. 
make a line. 

WANTED -hand, 60-cycle, single 
phase motors, % to 5 H.P., 110 or 220 volts. 
The Edgerton Electric Lighting System, Ed 
gerton, Ohio. 


PATENTS secured promptly in the United 


head are in- 
About six words 





States and foreign countries. Pamphlet of 
instructions sent free upon request. C he 
Parker, Ex-examiner, U. S. Patent Office, 


McGill Bldg., Washington, D. 


IN ORDER TO SETTLE an estate, an attrac- 
tive opportunity is open to a party with 
$150,000.00 competent to fill responsible posi- 
tion either i in the scales or manufacturing depart- 
ment, to purchase an interest in a well and 
favorably <nown, profitable machinery manu- 
facturing plant located in Pennsylvania, with 
an office and established trade in New York 
City. Address “Executors,” Box 3, Power. 


For Sale 


Advertisements under _ this 
serted for 25 cents per line. 
make a line. 

150 HORSEPOWER tandem compound Cor 
liss engine in good order; 16’ wheel; 24-in. 
face. F. W. Iredell, 11 Broadway, New York. 

FOR SALE—One 9x12 Armington & Sims 
automatic high-speed piston slide valve en 
gine. Can be seen in operation until April 1. 
Studer Bros., Apple Creek, Ohio. 

FOR SALE—20x48 Wheelock engine and 
two 72”x18’ high pressure tubular boilers in 
good condition cheap. Address ‘ Engineer,” 
Box 2, Station A, Cincinnati, Ohio. 


head are in- 
About siz words 





SECOND-HAND MACHINERY FOR SALE 
—Engines, milling, linseed ard cotton seed 
oil mill machinery. Write us for description 
and prices. Indiana Machine and Suppl 
Co., 203 Ingalls Building, Indianapolis, Ind. 

ONE 14x36 Vilter Corliss engine, with 7” 


tandem air compressor; one 14x36 Nagle Cor- 
liss engine. Can be seen under steam. Guar- 
anteed in first-class condition; selling on account 
of change in equipment. Ontario Silver Co., 
Muncie, Ind. 
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Characteristics of the Turbine Pump 


A Study of the Design and Operation of Centrifugal Pumps by Means 
of Curves Characteristic of the Head, Power, Efficiency ‘and Speed 





BY F 


The modern centrifugal pump has tak- 
i a position of ever-increasing impor- 
tance among the various types of pump- 
ing machinery of the world, and in the 
last few years its field of usefulness has 
increased from one of limited extent 
and small importance to one that em- 
braces almost every pumping service. 
While as already stated, the recent 
achievements of the centrifugal pump 
have been great, there is every reason to 
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CHARACTERISTIC CURVES 


It is the purpose of this article to bring 
out and discuss various points in the 
design and operation of centrifugal pumps 
that must be clearly understood in order 
properly to select the most suitable type 
of pump for any particular service and 
to operate it most efficiently when in 
service. The operation of almost any 
type of machine can be most easily il- 
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one between capacity and power, and one 
between capacity and efficiency. 

Fig. 1 shows such a set of curves de- 
rived from the test of a 10-inch single- 
stage turbine pump operating at the con- 
stant speed of 1125 revolutions per min- 


ute, a photograph of which is shown 
in Fig. 4. In this case the curve 
marked “Head” shows the _ variation 


of total head, which is the sum of the 
heads on the suction and discharge of 
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believe that the future hclds in store lustrated and understood by means of the pump, as the capacity is increased 


still greater ones than have yet been re- 
corded. 

Since the modern centrifugal pump is 
the growth of a very few years, and is 
the result of scientific design on the 
part of a few engineers, among the general 
engineering public there is still to be 
found a great deal of ignorance as to 
the real merits, capabilities and _ limita- 

ms of this type of pump. 


plotted curves showing the relations be- 
tween the variables entering into the 
problem under consideration. With the 
centrifugal pump the simplest and most 
usual condition for which these curves 
are drawn is for constant speed operation, 
requiring in this case for the complete 
illustration of the action of the pump 
three distinct curves: one showing the 
relations between the capacity and head, 


from zero up to the maximum quantity of 
water that can be forced through the 
pump, with the discharge wide open. The 
curve marked “Brake Horsepower” shows 
the variation in the power required to 
maintain the speed constant, as the ca- 
pacity is increased as above, while the 
curve marked “Efficiency” shows the vari- 
ation in the efficiency of the pump under 
the same conditions. 
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Head Curve—From this curve can be 
obtained the total head against which the 
pump is capable of delivering any given 
quantity of water when operated at a 
speed of 1125 revolutions per minute, and 
conversely, if the pump was operated at 
this speed and gages on the suction and 
discharge were read, it would then be 
possible to determine the amount of wa- 
ter being pumped. In addition to this, 
directly below the point on the curve 
representing the head would be found a 
point on the curve of brake horsepower 
giving the power being consumed; and 
in the same vertical line a point on the 
efficiency curve would show the efficiency 
with which this power was being utilized. 
It is thus plain that if a pump can be 
tested in the shop or elsewhere, where 
suitable apparatus is available, and a 
similar set of curves plotted from the re- 
sults, a complete guide is obtained for the 
efficient and satisfactory operation of 
the: pump in actual service. 

Examining the head curve, it is seen 
that with the discharge closed, when the 
water in the pump is simply being re- 
volved around, the head _ generated 
amounted to 109 feet. As the discharge 
valve was gradually opened, this head 
increased until at a capacity of 500 gal- 
lons per minute the head amounted to 
118 feet, and from there on it gradually 
decreased until at 930 gallons per minute 
it again amounted to 109 feet. Thus for 
every point on the head curve between 
these limits, there are two different ca- 
pacities at which the pump can operate. 

From the foregoing it might appear that 
there would be some unstableness about 
the operation of the pump within these 
limits, and so there would be if it was not 
for the balancing action of pipe friction, 
which usually amounts to a considerable 
part of the total head. It is readily seen 
that if the pump was discharging direct- 
ly into a large standpipe, so that the pipe 
friction was negligible, and the top of 
this standpipe was gradually raised until 
the total head became slightly over 118 
feet, the discharge would immediately 
cease, and it would be impossible again to 
start it until the head was reduced below 
109 feet. If, however, the static head 
was less than tog feet, then by introduc- 
ing friction into the discharge, by thrott- 
ling, untif the head became 118 feet, there 
would be no such sudden decrease in the 
capacity, as this friction head being a 
function of the capacity, automatical- 
ly maintains a running balance, and 
by adjusting the throttle it is pos- 
sible to operate the pump at = any 
point on the curve with absolute stability. 
As the proper head to operate this pump 
against is about 100 feet, where the maxi- 
mum efficiency is obtained, there would 
consequently be under such conditions 
none of the above difficulties. 

On following this curve still farther, 
it is seen that the head drops to zero 
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when a capacity of 1730 gallons per min- 
ute is reached, at which point the whole 
of the head generated by the pump is 
consumed within the pump itself and 
none is available for useful work. 
Power Curve—This is also of great 
importance as the efficiency of the pump 
and the cost of depend di- 
rectly upon the consumed. In 
addition to this the power curve fur- 
nishes the data from which a_ proper 
selection of the driving motor can be 
made, and shows the load that the motor 
will have to carry under any condition. 
In Fig. 1 the power curve shows that it 
required 18 brake horsepower to drive 
the pump at a speed of 1125 revolutions 
per minute with the discharge entirely 
closed, and from this point the power 
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the discharge as much as _ pos- 
sible, but as this point is rather beyond 
the proper operating conditions and the 
gain or loss in power is slight, this point 
would not be of much importance in this 
case. 

There are, however, some designs in 
which the power curve would reach a 
maximum at a point corresponding to 
the normal working capacity, or even less, 
and under these conditions a power curve 
might be of considerable importance as a 
guide to economical operation. 

Efficiency Curxe—The efficiency is gener- 
ally the one point about a _ centrifugal 
pump which receives the particular at- 
tention of the purchaser, with the result 
that most manufacturers are using every 
effort to produce pumps of the very 


pump 












0 luv 200 3UU 
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gradually increased, as the capacity was 
increased, in nearly a straight line until 
it reached a maximum of 44.5 brake 
horsepower at a capacity of 1550 gallons 
per minute. It then decreased slightly 
to 43.5 brake horsepower at the full 
capacity of the pump. From this it may 
be seen that it would be impossible to 
overload a motor of 40 or 50 horsepower 
to any great extent, by either a stoppage 
or breakage of the discharge pipe. Since 
at all points 1550 per 
minute the power decreases with a de- 
crease in capacity, power may be saved 
by throttling the 
allow more 
the pump 
yond the 
it would 


below- gallons 


discharge so as to 
flow through 
required. Be- 
maximum power 
economical to let 


no water to 
than actually 
point of 


be more 





CURVES FROM 5-INCH THREE-STAGE 
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Gallons per Minute 
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highest efficiencies. 
naturally a desirable 
the other characteristics 
nearly equal importance. 

In Fig. 1 


efficiency is 
feature, but 
are often of 


High 


the efficiency curve starts 
from zero, at zero capacity, which must 
always be the starting point, as the pump 
does no useful work until it discharges 
water, although it consumes power which 
is entirely wasted in friction. As _ thi 
capacity increases, the efficiency gradually 
increases until it reaches a maximum 01 
71 per cent. at a capacity of 1100 gallons 
per minute and then decreases to zero 
again at the full capacity of the pump 
where again there is no useful work per 
formed, as the head against which the 
water is pumped is zero. This particu 


lar curve shows many desirable feature 
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in its general form inasmuch as it has 

teep inclination at its beginning with a 
flat top and a steep ending, and incloses 

large area. Steepness at the beginning 
shows that the efficiency comes up quickly, 

the capacity increases, while a flat top 
and a steep ending show that the effi- 
ciency is maintained high over a wide 
range. Since the average efficiency is ob- 
tained by dividing the area below the 
curve by the length of the base, it fol- 
lows that the greater the area for any 
viven length, the greater is the average 
efficiency. The average efficiency in this 
case is 50.6 per cent. which is considered 
by the writer to be considerably above 
the ordinary for these conditions. 
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each at a pressure of nearly 110 pounds; 
and it would even be possible to get three 
very good streams at a pressure of 8o 
pounds. Such a range as this should 
certainly be sufficient to meet the condi- 
tions that would be apt to occur at any 
fire, and is much superior to what could 
be obtained with a positive displacement 
pump of the same normal capacity, espe- 
cially if driven by a constant-speed motor. 
In addition to this the power curve shows 
that the motor could only be overloaded 
7 per cent. if all the hose lines should 
burst, and the head curve shows that if 
all the nozzles were shut off no injurious 
pressure could result. The efficiency of 
62.5 


un 


+ 
eri 


67.5 per cent. while the other character- 
istics retain a desirable form. 

Fig. 5 shows the characteristics of the 
standard 8-inch two-stage Underwriter 
pump which has a normal capacity of 
1000 gallons per minute against a pres- 
sure of 100 pounds. In this size of pump 
the efficiency is over 69 per cent., but other- 
wise the curves show the same general 
form. Fig 6 is a photograph of this pump 
direct-connected to a go-horsepower di- 
rect-current motor, and shows the fittings 
furnished with the pump as called 
by the Underwriter specifications. 

These curves, which have been plotted 
from actual tests, 


for 


show clearly that the 
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FIG. 3. CURVES FROM A 6-INCH TWO-STAGE TURBINE 


( ENTRIFUGAL Pumps For Fire SERVICE 


‘ig. 2 shows the characteristics of a 5- 


inch three-stage turbine pump designed 
to deliver 400 gallons per minute against 
a total head of 300 feet, for fire protec- 
tion of one of the large power houses in 
Chicago. The pump is direct-connected 


to 60-horsepower induction 
operating at a synchronous speed 
The head 
of this pump shows that it would 
one fire of 250 gallons 
Per minute at a pressure of 160 pounds; 
treams of about 200 gallons per min- 
ch at a pressure of 125 pougds; 
streams of 250 gallons per minute 


60-cycle 
is00 revolutions per minute. 


deliver stream 


while not as high as would be shown by 
a triplex pump under test, would be main 
tained continuously in actual service, 
whereas leaky valves, poorly packed stuff 
ing boxes and general wear would soon 
reduce the efficiency of the triplex to a 
much lower figure. 
the 


6-inch two-stage turbine pump designed 


lig. 3 shows characteristics of a 
for 500 gallons per minute against a pres- 
sure of 100 pounds, the standard Under- 
writer 


tr 


Fig. 4 is a 


conditions for this size of pump. 


photograph of this pump 


direct - connected to a 50- horsepower 


motor. From Fig. 3 it may be seen that 


the maximum efficiency has increased to 


PUMP 


service, in fact the most suitable type for 
electric drive. While the efficiencies are 
not as high as are claimed by many manu 
facturers, it is the writer’s opinion, based 
on the different 
that the figures shown by these curves 
are about as good as can be obtained in 


results of many tests, 


actual operation under similar conditions 
by the best class of pumps made either in 
this country Or 

The the 


pump for fire service was recognized by 


Europe. 
desirability of centrifugal 
the Underwriters several years ago and af 
ter thoroughly investigating and testing 
the pumps of the various manufacturers 
they 


prepared a specification 


covering all important points in the de- 


complete 
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sign and installation of pumps for this 
service, with the result that centrifugal 
pumps whose design and manufacture have 
been passed on and approved by the Un- 
derwriters are accepted by them for fire 
protection on an equal basis with any 
other type of pump. This has led to a 
considerable demand for such pumps, and 
from present indications it will not be 
many years before the centrifugal will 
be the leading type of Underwriter 
pump. 

With the exception of Fig. 1 all the 
curves shown are taken from pumps that 
were designed for fire service, but thev 
are equally applicable to the usual design 
of pump for similar conditions. They are 
all very similar in their general form 
and represent a design of impeller that 
is well adapted to give high efficiency un- 
der the usual conditions that have to be 
met by such pumps. It is often necessary, 
however, to meet special conditions where 
sometimes the maximum head must be 
kept to within a few per cent. of the 
normal working head and at other times 
just the reverse is wanted, and by suita- 
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be readily fulfilled. A pump designed to 
meet the first of these conditions would 
in general have a greater maximum ca- 
pacity and a power curve of greater 
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steepness and range than those illustra 
ted. The point of maximum efficienc 
would also be apt to occur at a greater 
capacity. For the second condition th 
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maximum capacity would be less, the 
power curve would become more nearly 
horizontal, showing a greater consump- 
tion of power at zero capacity and less 
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at maximum capacity, while the point 
of maximum efficiency would occur at 
less capacity. From this it is seen that 
a horizontal head curve means a steep 

















FIG. 6. TWO-STAGE 8-INCH 


R.P.M. 


UNDERWRITER FIRE PUMP 
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power curve, while a steep head curve 
results in a horizontal power curve. 


REGULATION OF CAPACITY AND HEap 


Another point of great importance is 
the regulation of the capacity and head 
of a centrifugal pump. There are three 
methods of doing this: by varying the 
speed, by throttling the discharge and by 
varying the number of stages. Varying 
the number of stages in a single self- 
contained pump is the most complicated 
and troublesome to work out in a satis- 
factory manner, and is practically used 
only in connection with mine-sinking 
pumps which are used under widely vary- 
ing heads. This method is very satisfac- 
tory where the additional stages are 
contained in a separate pump indepen- 
dently driven, and is much used for city 
water-works service where increased pres- 
sure is required for fire service. Where 
the extra stages are contained within the 
same pump, it is almost impossible to 
make the design so that the idle im- 
pellers will not be running in water, 
and without accomplishing this, that 
method of regulation is not of much 
value. 

Throttling the Discharge—The re 
sults to be obtained by throttling are 
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shown by the curves already given. 
Thus for any given speed the power 
used depends only on the quantity of 


water flowing through the pump, since 
the head that the pump generates depends 
only on the quantity being pumped. This 
head can be utilized or wasted in the 
throttle valve as may be but 
whichever way the head is utilized the 
action of the pump is the same. If all 
the head is utilized the efficiency with 


necessary, 


which the water is being pumped is giv- 
the 
efficiency curve, but if any of the head 


en by the corresponding point on 
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0.65 X — = 57.5 per cent. 

This same result can be obtained by cal- 
800 
gallons per minute against 100 feet and 
dividing by the corresponding brake horse- 
power from the curve. By making simi- 
lar the several curves 
that are illustrated it can be readily seen 
that the objection to this method of reg- 
ulation is the considerable loss in the effi- 
ciency of that results there- 
from. 


culating the water horsepower of 


calculations 


on 


pumping 
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mark instead of the curve shown in Fi 
1. There has been introduced 

new curve marked “R.P.M.” which giv 
the revolutions per minute required fi 
any given capacity against the consta: 
head of too feet. The power and efi 
ciency curves are also changed, as is aj 
parent by a comparison with the origin 


also 


curves reproduced in dotted lines. 

On looking at the speed curve, it 
that to generate a head of | 
feet without delivering any water requir: 
about to80 revolutions per 
As the capacity is increased t! 


evident 


a speed of 
minute. 
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FIG. 8. SINGLE-STAGE 


is being wasted in the throttle valve the 
above efficiency must be 
another factor 
of the total head 
head generated. 


multiplied by 
the ratio 
the total 
To illustrate this point 
with an example, take Fig. 1 and assume 
that operating against a 
steady head of 100 feet and that it is 
required to find the efficiency with which 
it is possible to pump 8oo0 gallons per 
minute. 


whose value is 


utilized to 


this pump is 


From the curves it will be seen 
that the efficiency of the pump itself is 
65 per cent. and the total head generated 
is 113 feet. Consequently the efficiency of 
pumping is 
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Speed Variation—Undoubtedly the best 
method of regulating the capacity of a 
centrifugal pump is by means of speed 
variation, and as the proper selection of 
method of control is of im- 


the great 


well worth while to 


discuss the matter thoroughly. 


portance, it seems 
Fig. 7 shows the characteristics for the 


same pump as those in Fig. 1, derived 
the results there illustrated on 
the assumption that the total head re- 


mains constant at 


from 


100 feet while the ca- 
pacity is varied by varying the speed. On 
this assumption the head curve becomes 
the horizontal straight line at the 1o00-foot 


A COMBINED STATIC 


1600 1300 
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“a 


speed required gradually decreases unti 
it reaches a minimum of 1050 revolutions 
per minute at a capacity of 450 gallons 
per minute, which also corresponds w 

the point of maximum head under c 

stant-speed this p 
on, the speed gradually increases until 
a capacity of 
has 


operation. From 
1130 gallons per minute 
value of 1125 
per minute, at which point the origi! 
head curve the 
as would be expected. 

is still further 


speed 


reached a revoluti 


crosses 100-foot ma 
As the 
increased, the 
increases at a rapid r 


until at a capacity of 1400 gallons | 


capacity 
requil 
more 
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minute it becomes 1300 revolutions per 
minute and would continue ‘to increase in 
the same curve until the maximum ca- 
pacity of the pump is reached, beyond 
which it would be useless to go farther 
is it would be impossible to pump more 
water at any speed whatsoever. 


The power curve is seen to have 
hanged its form materially, becoming 


much steeper, so that the power at ca- 
pacities less than 1130 gallons per minute 
is considerably than at constant 
speed, while at greater capacities it in- 
creases rapidly. Below the intersection 
with the former power curve the power 
required is less, due mostly to the fact 
that less work is the 
pump, but also due to the better efficiency 
with which the work is done, as is shown 
by the efficiency curve. 
tersection the increase in power is en- 
tirely due to the increased output of the 


less 


being done by 


Beyond this in- 
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conditions that practically never occur 
in actual practice inasmuch as there must 
always be some frictional resistance to 


every pumping system making use of 
pipes to convey the water. In fact in 
the usual installation the pipe friction 
generally amounts to at least 10 to 20 


per cent. of the static head at normal ca- 
pacity, and for many services the total 
head is composed entirely of frictional 
resistance. 

As an illustration 
8 have 


the curves in Fig. 
drawn from the data of 
Fig. 1, based on the assumption that the 
total head is 100 feet at a capacity of 


been 


1130 gallons per minute and that this 
head is composed of 80 feet static head 
and 20 feet friction head. Since the 


frictional resistance varies as the square 
of the capacity, the head curve can be 
drawn at 


once as Having the 


head curve the speed curve can be drawn, 


shown. 
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from the efficiency 
it may be seen that the efficiency under 
better 


pump, since curve 


these conditions is considerably 
constant speed. It is 
comparing the new with the old power 
curve that it would take as much as 25 
per cent. more power at some points to 
the 
decrease the capacity by 

vuld be 


than at seen by 


drive constant speed and 
throttling than 
the 
speed regulation. 
flatter 


ch or higher efficiency at every point 


pump at 


necessary to secure same 


acity by means of 


he efficiency curve is with as 
consequently incloses a larger area, 
is giving a greater average efficiency 
ughout the range of capacity of the 
np. 
Che conditions illustrated in Fig. 7, 
ich were based on the assumption of a 
stant total head, are the least adapted 
show a saving in power by means 
speed regulation, and they are also 


BELT-DRIVEN 


PUMP 


that 
less than normal the speeds are lower 
than required for the conditions in Fig 
than normal 


and it may be seen for capacities 


7; for capacities greater 


the speeds are higher. The power curve 
is of the same general shape as in Fig. 
7, but steeper, showing that at capacities 
less 


while for greater capacities more power 


than normal still less power is used, 


is necessary. Under these conditions it 


that 
would be 


is seen nearly 60 per cent. more 


power required at some points 
to drive the pump at constant speed and 


The 


efficiency curve shows as good or better 


regulate the capacity by throttling. 


efficiency at every point and a higher av 
erage efficiency throughout. 

When the head is entirely of friction, 
regulation by speed variation becomes 
even more important if economical re- 
sults are desired. Under these conditions 


when the capacity is zero, the head is 
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the required is 
It will also be found that 
the capacity will increase directly as the 
speed, and the head generated by the 
pump and required to overcome the fric- 
tion varies as the square of the speed. 
The efficiency will be found to be nearly 
constant at all speeds, and consequently 


also zero and speed 


likewise zero. 


the efficiency curve would be nearly a 
horizontal straight line. Therefore, if the 
frictional resistance is known at any ca- 
pacity, the head curve can be drawn at 


once. The speed curve follows immedi- 
ately, and if an efficiency curve has 
been determined at any constant speed, 
the efficiency curve for these conditions 
can be constructed. The power curve 
can be derived from these curves, and 
it will be found that the power varies as 
the cube of the speed. Since the head 


varies as the square of the speed and 
capacity as the first of the 
speed, the output of the pump in work 


the power 
varies as the cube of the speed and is 
directly proportional to the power input. 

From the previous illustrations and ex- 
that the most 
efficient method of capacity regulation of 


amples it would appear 
a centrifugal pump is by means of speed 
the the 

varied varia- 


where 
the 
tion in head or capacity resulting there 


variation. Even in case 


number of stages is 
from can only occur in jumps or steps 


and speed variation is necessary to ob 


tain regulation between these steps. For 
conditions similar to those illustrated in 
Fig. 8, which are representative of the 
majority of cases, a speed variation of 10 
below normal 
ample to give all the 
This amount 
obtained at 


per cent. above and will 
be found to be 
regulation that is required. 

of variation can usually be 
very slight expense with either electric 
motor, steam-turbine or  steam-engine 
drive, and the power saved would in most 
cases pay for the additional outlay in a 


very few months of operation. 


There are also other reasons which 
make it desirable to have some variation 
in the speed permissible, the principal 


reason being the difficulty of accurately es 


timating the friction loss in any given 
pipe system. There are so many vari 
able factors entering into this problem, 


such as age of pipe with the resulting con 


ditions in the interior, effect of elbows, 


bends and other fittings, that no one can 
the friction 


The general run of eneineers who have 


hope to calculate exactly. 
had no particular experience in this line 
almost invariably underestimate the fric- 
tion loss, while those of more experience 
calculate the rests as closely as they 
can, then add enough to insure being on 
the safe side. 

The result 
when the 
to be short on capacity, which on the ap- 
gages to the and 
discharge is found to be due to the head 
that for whick the 


method is that 
found 


of the first 


pump is installed it is 


plication of suction 


being greater than 
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pump was designed. If the speed can- 
not be increased, the only way out of the 
difficulty is to design a new impeller for 
the pump, and in some cases where the 
first impeller was as large as could be 
used in the pump, it might be necessary 
to purchase an entirely new pump. 

The second method tends toward a 
pump designed for a head greater than 
actually exists, with the result that on in- 
stallation the pump discharges too much 
water, the motor consumcs too much 
power and the efficiency is low. The 
pump designer generally aims to be safe 
on capacity so that usually the pump is 
a little over capacity at the required 
head. In designing a centrifugal pump 
it is difficult to obtain results within a 
few per cent. of the calculated, and in 
fact two pumps made from the same de- 
sign seldom operate the same, owing to 
differences in castings and machine work. 
Generally the error from this source, in 
a standard pump with which the designe: 
is perfectly familiar, would not be serious, 
and an error of 5 per cent. or less either 
way in the capacity at the stipulated head 
should be considered satisfactory for corm- 
mercial work. These errors are entirely 
eliminated by a small variation in speed 
either way from normal, and on this ac- 
count alone, provision for speed regula- 
tion is well worth the expense of procur- 
ing. ‘ 


MECHANICAL FEATURES 


While it is of great importance that 
the characteristics of any given centrif- 
ugal pump should be suitable for the 
work it is to do, it is of equal importance 
to have the mechanical des’gn properly 
carried out. The most important me- 
chanical features of a centrifugal pump 
are probably the shaft and bearings. The 
shaft must first be of sufficient size to 
transmit the necessary power from the 
coupling to the impeller. As it is also 
required to support the impeller or im- 
pellers in practically a central position 
at all speeds, it must have the necessary 
stiffness, so that neither the weight of the 
impellers nor the centrifugal forces due 
to their slightly unbalanced masses will 
deflect it to any appreciable extent. It 
must also be properly supported in bear- 
ings of such design and size that perfect 
rotation of the shaft will be maintained 
for a long period of use. Such bearings 
must be entirely separated from the 
water passages of the pump, as otherwise 
it is impossible to maintain lubrication 
and prevent the grit and sand carried by 
the water from entering the bearings. 

A thrust bearing should also be pro- 
vided on every centrifugal pump, as no 
matter how perfectly the thrust is bal- 
anced in the design, it will be found in 
practice that there will always occur a 
slight thrust one way or the other, and 
as wear on the impeller occurs this thrust 
is apt to increase. A properly designed 
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marine type of thrust bearing will easily 
take care of any such thrust. In fact 
out of several hundred pumps designed 
by the writer during the last three years, 
all of which were similar to the illustra- 
tions and provided with the marine type 
of thrust bearing, there has yet to occur 
a single case of thrust difficulty. 

Another part requiring particular at- 
tention is the stuffing box. This should 
be of ample depth and diameter, so that 
at least six to eight rings of good-sized 
packing can be accommodated. The 
stuffing box on the suction side should 
always be water-sealed, as otherwise it 
is impossible to prevent the entrance of 
air if the pump has much suction lift. 

The impellers and diffusion rings in 
pumps operating under high heads should 
always be of bronze, as the action of even 
the purest water on these parts when 
made of cast iron soon corrodes them 
away. This action seems to be a chemi- 
cal one, as it generally occurs at points 
where no erosion whatever is shown, and 
furthermore the water has practically no 
effect on bronze, which would not be the 
case for ordinary wear. 

Flexible couplings should be used be- 
tween the driving motor or engine and the 
pump, as otherwise a slight lack of aline- 
ment between the two will cramp the 
shaft so that the bearings will heat and 
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symmetrical as possible without sacrificing 
any point of utility. 





New Power Plant of the 
L. S. Starrett Co., Athol, 
Mass. 


The recently completed power plant de- 
signed by Charles T. Main, mill engi- 
neer and architect, Boston, Mass., for the 
Starrett company comprises a boiler room 

















FIG. I. 


THE NEW STARRETT POWER HOUSE 


FIG. 2. COAL POCKET 


cut out, or they may even bind the shaft 
tight. Even with flexible couplings the 
shafts should be in absolutely perfect 
alinement, as otherwise in time more or 
less needless wear will be caused on the 
bearings. Flexible couplings also allow 
the motor armature to take its proper 
position in the magnetic field, while any 
thrust on the pump is taken care of by 
itself. In addition to these various con- 
structive details, the general design of 
the pump should be as pleasing and 











and coal pocket in one building and 
engine, generating, condensing and feed- 
water heating equipment in another. Be- 
tween these buildings is a small pond, the 
water level maintained by a concrete dam 
which practically connects the two por- 
tions of the power plant. Through the 
dam is a tunnel, 170 feet in length, which 
serves as a duct for carrying both steam 
and water piping, the steam being car- 
ried 400 feet from the boilers to the en- 
gines. 
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The boiler room and coal pocket oc- 
ipy a building triangular in shape and 
neasuring approximately 220 x 150x II5 
feet. The boiler room extends across 
the end and is about 47 feet in width 
with a clear hight of about 35 feet. The 
oal pocket occupies the rest of the build- 
ing with the exception of the space re- 
quired for the feed and fire pumps, feed- 
water well and chimney. 

The boiler equipment consists of four 
Babcock & Wilcox 500-horsepower boil- 














FIG. 3. 


ers in batteries of two, with sufficient 
room for an extra battery. The chimney 
‘s of the Custodis type, of 8 feet inside 
‘meter, with an air space and an outside 
meter of 16 feet 2 inches at the base. 
is 175 feet high from the boiler-room 
rt. Two 24x8xi2-inch Warren duplex 
| side-plunger pumps fitted with a 5- 
i h joint discharge pipe force the boiler 

d water through the tunnel to the en- 
snc rooms and thence through a 1200- 
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horsepower primary heater, and back to 
the boilers. These pumps draw _ their 
water from a well which is fed from the 
pond through a 24-inch pipe fitted with a 
sluice gate operated from the well-room 
floor. The fire pumps are also supplied 
from this well. When necessary, water 
may be drawn from the city mains at 120 
pounds pressure. 

The engine-room equipment comprises 
a Brown 22x40x48-inch horizontal cross- 
compound condensing engine direct-con- 


STEAM PIPING ENTERING TUNNEL 


nectec to a 600-kilowatt General Elec- 
tric alternator delivering current at 600 
volts. Separate excitation is furnished by 
a General Electric turbo-generator unit. 
Provision is made for running the engine 
noncondensing or operating either cylin- 
der as a simple engine. The auxiliary 
apparatus and most of the steam and wa- 
ter piping are located in the basement be- 
neath the engine room. 

Before entering the condenser, the ex- 
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haust steam from the low-pressure cylin- 
der passes through the 1200-horsepower 
primary heater for heating the boiler 
feed water. The vacuum is maintained 
by a Blake 12x26x18-inch twin vertical 
air pump. Ten-inch injection and 14- 
inch overflow pipes are provided in con- 
junction with the air pump and _ con- 
denser. The exhaust steam from the 
turbo-generator set and air pump is also 
utilized for heating feed water in a 
secondary heater. 

The high-pressure steam piping is de- 
signed for 150 pounds boiler pressure, 
all above 4 inches in diameter being of 
steel with Van Stone flanges. Smaller 
sizes are of wrought iron with screwed 
flanges. Cold feed-water piping is of 
wrought iron. The receiver-pump dis 
charge pipes, including those carrying hot 
feed water, are lead lined. All traps are 
bypassed, so that any one may be removed 
without crippling the system. The low- 
pressure piping is designed for 5 to 10 
pounds pressure. Eight-inch pipes, with 
valves at each end, connect each boiler, 


with the 14-inch outside diameter steam 
header from which the various pumps 
and engines are supplied. All other 


branch pipes are fitted with valves at both 
the header and receiving ends. The 
steam pipes are in all cases laid out so 
as to allow for expansion. 

This new steam-power plant supple- 
ments the water power furnished by the 
Millers river. The flow of water, over a 
dam of 18 feet fall, is uniform 
throughout the year and drives wheels 
aggregating over 400 horsepower. 


very 





As far as pumping water is concerned, 
a centrifugal pump can take its suction 


“from almost a perfect vacuum, but since 


it is a complete failure as an air pump, 
a very small quantity of air in the suc- 
tion under these conditions will cause it 
to cease pumping completely. Since the 
volume occupied by any given quantity 
of air increases with the vacuum and the 
leakage also similarily increases, the prob- 
ability that air in the suction will cause 
trouble increases about as the square of 
the suction lift. If in addition to a high 
lift, the suction pipe is long and per- 
haps old, trouble can be predicted to a 
certainty. In view of these conditions, 
a 20-foot suction lift, including friction, 
should be about the maximum. With 
special design and care 25 feet might be 
attempted, but only after a thorough con- 
sideration of all the conditions. 





A convenient rule of thumb for ascer- 
taining approximately the size of engine 
required to drive a direct-current dynamo 
is to multiply the kilowatts of output by 
1.7 for small machines, 1.6 for medium 
sizes and 1.5 for 500 kilowatts or over. 
The result will be about the brake horse- 
power required. 
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Elevator 


Hand-rope Control for Freight Elevators; Pumps and Connections 
Used with ‘Safe Lifters;"” Locking Device for Plunger Elevators 





BY WILLIAM BAXTER, 


HAND-ROPE CONTROL 
Regarding plunger elevators controlled 
by a simple hand rope and valve there is 
little information to give except in the 
matter of manipulating the rope. The 
valve proper is made substantially the 
same as this type of valve for other forms 
of hydraulic elevator, but the distance 
through which the hand rope is pulled to 
make a start or stop is slightly greater 
for the high-speed cars than it is with 
cable elevators. The reason why the hand 
rope has to be moved through so great a 
distance is not, as may be supposed, that 
the effort necessary to move it may be 
reduced, but that the valve may not be 
closed too rapidly by the movement of 
the elevator car as it approaches the upper 
or lower landing. In slow-running eleva- 
the of the hand rope upon 
which the stop balls are fastened passes 
through the car and by manipulating this 
rope the elevator is controlled. In high- 
speed cars both stretches of the hand rope 
pass through the car and both are han- 
dled to control the movement. The ad- 
vantage of this latter arrangement will be 
made clear by reference to Fig. 309, which 
is a vertical elevation of a fast-running 
plunger freight elevator. The stretch B 
of the hand rope is the one ordinarily 
used to operate the car, and this is pulled 
down to the car to ascend, and 
pulled up to cause the car to descend. It 
will be obvious, however, that if the rope 
has to be pulled down, say, 15 feet to 
make the car run upward at full speed, the 
operator would have a hard time doing it 
unless he were extremely quick in his 
movements; the first pull of the rope 
might not draw it down more than 3 or 4 
feet, which would be sufficient to set the 
car in motion at a fair rate of speed, but 
not at the maximum, and the operator 
would have great difficulty in pulling the 
rope down farther because the car would 
be running upward. 


ters stretch 


cause 


3y starting the car 
by the aid of the stretch C of the hand 
rope the case will be very different, be 
cause this side must be pulled upward to 
make the car run upward; therefore, all 
that is necessary is to give the stretch C 
a slight upward pull, and then hold on 
to it until the car attains full speed. To 
prevent moving the rope too far a stop is 


fastened on the stretch C, and this runs 


between two stationary stops set at the 
proper points; hence, if in starting the 
operator desires to run up at full speed 
all he has to do is to pull the stretch C 
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FIG. 3090 


up far enough to open the valve and then 
hold it until she stop on the rope strikes 


the stationary stop. To make a stop at 
any floor going upward the operator 
grasps the stretch B and holds it until 


the car stops. On a down trip the opera- 
tion is reversed, that is, in starting, the 
stretch C is pulled down slightly and held 
until the desired speed is obtained, and 
to make a stop the stretch B is grasped 
and held, just as in stopping on the up- 
ward trip. The stationary stops that limit 





j R. 





movement of the when tl 


the 
stretch C is held are set apart a distan 

equal to the combined distances throug 
which the stop balls on the rope B mov 
at the top and bottom of the well to sto 


rope 


the car. Thus if the top ball moves | 
feet and the bottom ball to feet, the sta 
tionary stops that limit the movement 

the stretch C will be set 25 feet apart, and 
the stop ball on C will be 15 feet below 
the upper stationary stop when the car is 
standing at any floor. 


“SAFE LIFTERS” 
In all large buildings one of the eleva 
tors has to be designed to lift extra heavy 
loads, ranging from about 6900 to 10,000 
or 12,000 pounds, according to the size of 
the building or the character of the busi 
ness done by the occupants. This eleva- 
tor is generally called a safe lifter, as the 
heaviest loads it carries are usually safes. 
If it were intended to carry such loads all 
the time it would be arranged precisely 
the other 
building except that the cylinder and the 
main valve would be made as much lar 
ger as might be necessary to lift the 
load. But this elevator is only 
called upon occasionally to lift extra-heav) 
loads and it is therefore made of the same 
normal lifting capacity as the other eleva- 
tors, but with parts sufficiently larger 
than normal to give it the proper strength 
the extra load; the 
lifting power is obtained by increasing the 
the water that 
when used to lift heavy loads. 


the same as elevators in the 


heavier 


to carry increased 


operates it, 
The com 


pressure of 


mon practice with all types of hydraulic 
elevator used for safe lifters is to provide 
a small high-pressure pump that is capa 
ble of developing the pressure required 
to lift the load, and this is connected di 
rectly with the lifting cylinder, so that 
when a heavy load is handled, all the parts 
of the elevator excepting the lifting cylin 
der and the pipes directly connecting with 
it are cut out of service, and are not sub 
jected to the high pressure. The way in 
which the Standard plunger elevators are 
arranged when used as safe lifters is illus 
trated in Fig. 310, which shows an elev: 

In the elevation tli 
high-pressure pump, used to lift the heavy) 


ht, 


tion and a plan view. 


load, is moved some distance to the rig 
so as to bring it out from behind the mai 
valve and the automatic stop valves. Th 
true position of the pump and the pipe 
connections between it and the liftin: 
cylinder is shown in the plan view. The 
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high-pressure suction pipe taps into the 
main discharge at the bend D, and the de- 
livery pipe from the high-pressure pump 
-onnects with the pipe A at the upper end. 
\t the places marked J’, V’, V*® and 

are located hand valves for the pur- 
of disconnecting the main valves 
from the cylinder and from the tanks. 
lhe valves V’, V°, V" and V* are located 

the piping of the high-pressure pump, 


nose 


7 


nd are for the purpose of operating 

the elevator when used to lift extra- 

heavy loads. When such a load is to be 

lifted the valves V*, V® and V* are 

‘losed to prevent high-pressure water 
| co =o 









Column 
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place is reached, the pump is stopped. As 
the movement of the car is controlled en- 
tirely by the running of the pump and the 
manipulation of the valves V°, V°, V' 
and V’*, communication of some sort must 
be established between the car operator 
and the man at the pump. This is gener- 
ally done by means of electric bells or a 
telephone. With this method of operating 
the car, accurate stops at the floors of the 
building cannot be made at the first trial, 
so that the general practice is to stop the 
car a short distance above the floor, and 
then to lower it slowly to the proper posi- 


tion by opening the valve |" in the pipe 
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FIG. 310 
om reaching the main operating valves. 


[he high-pressure pump is started when 
the load is to be raised, and the valves 


and V* are opened; then water is 
lrawn into the high-pressure pump 
through the high-pressure suction from 


e main discharge pipe; and from the 
igh-pressure delivery pipe it passes 
rough the valve V*, and thence into the 
pe B through the pipe A to the lifting 
linder, forcing the plunger and car up- 
ard, 

\s long as the pump is kept runnifg the 
levator will rise, and when the stopping 
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as to permit the water to escape 
slowly from the cylinder. If the elevator 
is to be run down any considerable dis- 
tance, as for example when it is lowered 
to the ground floor its 
load, the valve I’" is opened, allowing the 
to from the lifting 
cylinder. When the car approaches near 
the the 
is closed and the car descends the remain 


after receiving 


water escape faster 


encugh to lower floor, valve 
ing distance at a greatly reduced speed, as 
the water can escape only through the 
small pine B’ and the valve VV’. By 
properly manipulating this latter valve the 
descent of the car can be made as slow as 
desired. When the car is being lowered 
the high-pressure pump is not operated. 

When used to 


lower a heavy load that requires some 


an elevator is raise or 
is not ad 
visable to depend upon the lifting cylinder 
to hold the car in position while the load- 
ing is going on, because during this time 
the car might settle enough to cause some 


time to place upon the car, it 


wm 
+ 
un 


trouble, if not to do actual damage. Owing 
to this fact it is customary to provide an 
safe lifter with a 
locking device «t each floor that will hold 
the car immovable while it is being loaded. 
This device is thrown into action after the 


elevator used as a 


car has been run up a short distance above 
the floor, and then by opening the valve 
V’*, as already explained, the car is per- 
mitted to settle gradually upon the locking 
device. When the load is in position the 
first thing to do is to run the car up far 


enough to free the locking device, then 
this is drawn out of the way and the car 
is started for its destination. 




















FIG. 311 





FIG. 312 


LockING Device ror PLUNGER ELEVATORS 

The type of locking device used with 
the Standard plunger elevators is shown 
in Figs. 311 and 312, the former giving a 
plan view and a front view of the appara 
tus and the latter a side view. At every 
floor of the building strong supports A, 
A’ are secured in the proper position upon 
the guide rails 7, 7, to hold the car level 
with the floor. Under the car 


strong bars B, B’ which are pushed out 


are secured 


over the supports A, A’ by means of levers 
F located 
one corner and so 


with a vertical shaft 
floor at 
ranged that it can be turned by a 
wrench. 


connected 
in the car ar- 
socket 
On the lower end of the shaft is 
crank E; a D links 
a lever C, which is pivoted at G 
and at its end with a 
mounted on the lock bar B. 


fastened a rod the 
crank te 
stud G’ 


A connect- 


engages 


ing bar D’ is connected with the lever C 
by a stud G” and through this connection 
any movement of C imparts motion to the 
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lever C which is pivoted at H and moves 
the lock bar B’ through the stud connec- 
tion H’. If the shaft F is turned counter 
clockwise, the lock bars B, B’ will be 
moved outward over the stationary. sup- 
ports A, A’. In Fig. 311 the lock bars B, 
B’ are shown very close to the supporting 
pieces A, A’, but when they are in their 
normal position they are drawn in far 
enough to prevent accidental striking of 
the stationary supports. The position of 
the levers C, C’ is such that the shaft F 
can be rotated clockwise as well as in the 
opposite direction, and then the bars B, 
B’ will be drawn in toward the center of 
the car. 

When a plunger elevator is used to lift 
safes the compression stress on the plun- 
ger is greatly increased, as no additional 
counterbalance is provided to offset the 














weight. This extra stress is not serious 
in elevators of moderate rise, but when 
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FIG. 313 


the rise is fairly great, say between 200 
and 300 feet, it is necessary to provide a 
stiffener to reinforce the plunger and avoid 
liability of buckling it. The stiffener used 
with the Standard plunger elevators is 
shown in Fig. 313, which gives a side ele- 
vation and a plan view. It consists of a 
frame B carrying at the center a guide 
through which the plunger P slides and 
at its ends guide wheels B’, B’ that run 
on the elevator guides T, T. The frame 
also carries two sheaves D, D’ under 
which pass two ropes E, E’, fastened at 
one end to the under side of the car and 
at the other end to the beams at the top 
of the elevator well. As the elevator runs 
upward, the rope ends attached to it are 
drawn upward, of course, and pulling the 
frame B upward just one-half as fast as 
the car moves, so that at all times the 
frame will be at a point midway between 
the bottom of the well and the car, and 
will brace the plunger at the central point 
of its exposed length. 

The plungers of these elevators are 


made as nearly water-tight as practicable, 
but they are liable to be leaky sometimes. 
If a plunger leaks, the effect will be that 
the load to be raised will be increased by 
whatever the water in the plunger may 


weigh. In extreme cases, in very high 
buildings, the accumulation of water in 
the plunger may be sufficient to prevent 
the elevator from lifting its maximum 
load. If the plunger leaks, it is not an 
easy matter to make it tight, but it is a 
very simple thing to remove the water, 
and this should be done. The best way to 
do it is to drill a hole about % inch in 
diameter in the lower section of pipe, just 
above the end casting, say 2 feet above 
the lower end of the pipe, and draining 
the water out. After the water is out the 
hole must be plugged up. This is easily 
done by tapping the hole and screwing in 
a brass plug, which should be filed off 
flush with the plunger surface and smooth. 





Operating Direct Current Gen- 
erators and Rotary Converters 





By NorMAN G. MEADE 





When a generator or rotary converter 
is put into operation, the attendant should 
always be sure that the connections are 
tight, the brushes in the proper position 
and the oil wells properly filled. When 
first starting, rub the commutator of a 
direct-current generator or a rotary con- 
verter with a cloth having a few drops 
of oil on it, until the commutator obtains 
a dark gloss. If sparking occurs, the 
brushes should be shifted backward and 
forward until a point is found where 
there is no sparking under normal load. 
When a machine is first started it is ad- 
visable to change the oil in the bearings 
two or three times in the first few days; 
after thag the oil may be left in about 
three months, adding enough occasionally 
to make up for loss. The machine should 
be watched closely at first, say for two or 
three days, to see that the brushes do not 
grind and that the oil rings revolve 
freely. 

Any machine should be kept clean and 
dry, and no bolts, nuts, screws, etc., 
should be left around, as these may be 
drawn into the revolving part when the 
field magnet is excited and the machine 
running. 

The armature of a_ belted machine 
should oscillate endwise in its bearings 
while running under load, as this will 
lengthen the life of the commutator and 
the bearings. Precautions should be 
taken never to break a field circuit sud- 
denly, as the voltage of the inductive dis- 
charge is always many times higher than 
the operating voltage, and may puncture 
the field insulation; care should also be 
exercised not to open a switch in a cir- 
cuit carrying a large current; trip the 
circuit-breaker first, then open the switch. 
The operator should make sure that all 
switches, circuit-breakers, etc., are open 
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when the machine is not in operation, and 
always close the circuit-breaker first, then 
close the main switch. 

The ends of brushes should be fitted 
to the commutator so that their whole end 
surfaces make contact; this can be done 
by putting each brush in its holder and 
grinding it with a piece of sandpaper 
slipped between the brush and commu- 





Power, N. ¥. 
FIG. I 


tator until it fits the curvature of the 
commutator surface. If the brushes are 
copper - plated their edges should be 
slightly beveled, so that the copper does 
not come in contact with the commutator. 


CARE OF THE COMMUTATOR ° 


To keep a commutator clean will ordi- 
narily require only a daily wiping off with 
a piece of canvas; if this is done regu- 
larly so as to keep the commutator sur- 
face and end free from dirt and oil, in 
the majority of cases the commutator will 
require no other attention. In service the 
ideal appearance of a commutator is a 
polished, dark-brown surface. Sandpaper 
or other abrasive should never be used 
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FIG. 2 


on a commutator which is taking on a 
polish and shows no signs of roughness. 
Commutators which do not take on a 
polish, but show signs of roughness, should 
be smoothed off with a piece of sand- 
paper, and if quite rough a piece of sand- 
stone may be used. Flat spots on commu- 
tators are usually caused by excessive 
wear, or a soft bar, or too much end 
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play, by a loose commutator, a bad belt 
splice, or a flash produced by a short- 
circuit on the line. When a commutator 
becomes out of true from uneven wear 
it should be turned down. If the machine 
is of small size it is better to put the 
armature in a lathe, but if of large size 
a turning gear should be attached directly 
to the machine. Special care must be 
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FIG. 3 

taken that the cutting tool does not gouge 
into the commutator, as when an engine 
is running very slowly, which is neces- 
sary when turning off a commutator, its 
speed is liable to vary considerably dur- 
ing each revolution. 

A small amount of lubricant may be 
applied to a commutator while in service. 
A lump of paraffin rubbed across the sur- 
face once a day is sufficient. Lubricant 
should always be applied sparingly and 
never in sufficient quantities to collect on 
the surface and about the brushes and 
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FIG. 4 


leave them in a gummy condition. Exces- 
sive noise from the brushes may fre- 
quently be remedied by the application of 
a small amount of lubricant. 

A commutator bar which projects above 
the others may be detected by a jumping 
motion of the brush-holder spring, by a 
pencil point held on the commutator sur- 
face and, in some cases, by a short inter- 
nittent spark at the brushes. If the com- 
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mutator is found to have a high bar the 
fault should be corrected at once. 

Too much tension on the brush springs 
will cause heating and excessive wear of 
the commutator; about one pound ten- 
sion will be found generally satisfactory. 
The tension can be determined by a small 
spring scale. Place the hook under the 
lever or spring-end resting on the brush 
and pull on the scale until the finger is 
just raised from the brush; the scale read- 
ing will indicate the spring tension. 

If on starting a generator it fails to 
generate, all connections should be exam- 
ined carefully. It will generally be found 
that a poor joint is the cause of the 
trouble. 

SPARKING 

Sparking will occur if the brushes are 
not set in the proper position. Each time 
a brush touches two commutator seg- 
ments the coil connected to them is short- 
circuited, as represented in Fig. 1, where 
A represents the armature winding, B a 
brush and C the commutator. At the par- 
ticular instant in the revolution of the 
armature the coil a is short-circuited. To 
maintain sparkless commutation the short- 
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ply circuit suddenly increases, the speed 
of the converter will increase, and in the 
sudden effort to gain synchronism will 
pass that point owing to the momentum 
of the armature, and will oscillate back- 
ward and forward from synchronous 
speed until the right point is reached. 
During this oscillation above and below 
synchronous speed, corrective currents 
will flow backward and forward between 
the rotary and supply circuits, causing the 
neutral point of the commutator to shift, 
with resultant sparking. 

To Start AND Stop A SHUNT- 
CoOMPOUND-WOUND GENERATOR 


Throw resistance in the field rheostat 
R, Fig. 3, and bring the generator A up 
to speed; then adjust the voltage to nor- 
mal by means of the rheostat. Close the 
circuit-breakers and throw in the main 
switch S. If for any reason it is impera- 
tively necessary to stop a machine sud- 
denly from generating, open the field 
switch S’. To stop a single machine, first 
trip the circuit-breakers, then open the 
main switch and increase the resistance 
in the shunt-field circuit by means of the 


OR 











w 








FIG. 5 











Equalizer 
. 
E 
on | Povonnsoooe-}® 
Shunt Field Coil Shunt Field Coil 

Power, NY. 

FIG. 6 
rheostat #. A compound-wound ma- 


circuited coil must be under the influence 
of a field so that there will be generated 
in it during the instant of short-circuit an 
electromotive force that is in the same 
direction that the current will flow when 
it leaves the brush. In order to obtain 
this result a slight forward lead of the 
brushes is generally necessary as the load 
increases, because the armature reaction 
shifts the flux of the magnetic field, caus- 
ing it to crowd at the trailing pole tips 
a and a’, Fig. 2, and to thin out at the 
leading pole tips. In the sketch the line 
b represents the theoretical position of 
the brushes during light load, and the 
line b’ the position under heavy load. 
Sparking at the commutator of a rotary 
converter may be caused by hunting, 
although this is practically eliminated in 
modern machines by the use of copper 
grids embedded in the tips of the pole 
faces. Hunting is caused by an oscilla- 
tion set up by changes in frequency be- 
tween two or more generators or between 
a rotary converter and the supply cir- 
cuit. The converter operates in syn- 
chronism, and if the frequency of the sup- 


chine is generally provided with a resist- 
ance connected between the terminals of 
the series-field winding, as shown at R’ 
in Fig. 4. By increasing or decreasing 
this resistance, the compounding effect 
is varied. Most compound-wound gen- 
erators are designed to over-compound, 
that is, give a higher voltage at full load 
than at no load; this is to compensate for 
the increased drop in potential in the line 
which occurs at heavy loads. 

To operate two or more generators in 
parallel requires some skill in connect- 
ing the machines together. Suppose, for 
example, the generator A in Fig. 5 is in 
operation, and it is desired to start the 
Senerator A’, Fig. 6. Before starting the 
latter, the equalizer switch E would be 
open as well as the circuit-breakers of the 
machine and the main switch S’. Bring 
the machine A’ up to speed and adjust 
the voltage to normal; then close the 
equalizer switch, then the circuit-breakers 
and finally the main switch S’. To shut 
down one machine the reverse operation 
is followed. 
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upernatural Visitation of James 
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Watt 


The “Shade” of the Old-time Inventor Attempts to Throw Light 
upon Several Matters which Have Interested a Great Many of Us 





BY 


Since relating my experience concern- 
ing a supernatural visitation of James 
Watt, a few weeks ago, grave misgivings 
at first the wisdom of 
continuing the narration of similar mani- 
Naturally, there have been 
those who have not hesitated to deny that 
such happenings could have occurred; 
others declared that it must have 
been the production of a fanciful brain, 
whatever that is, while still others at- 
tribute it to an attack of acute indiges- 
I might have concluded that the 
visitation in question was purely visionary 
had it not been for the two empty glasses 
and numerous cigar stubs found on the 
table the next morning by the maid who 
cleaned up the room. Not only this, but 
a number of similar experiences of more 
recent date have left no doubt in my mind 
as to their genuineness. In fact, I am 
so firmly convinced of their reality that 


beset me as to 


festations. 


have 


tion. 


I have decided to publish an account of 
the 
from my distinguished friend, and others, 


various visitations I have received 
be the consequences what they may. 

I did not feel in the mood for a second 
visitation for some days, preferring, as 
may be easily understood, to dwell on 
what I had already seen and heard. In 
fact, it was more than a week before I 
experienced a desire to engage in another 
chat with Watt, should not 
cared to then had it not been for a pecu- 
liar influence which I could hardly with- 
stand; for, to tell the truth, wonderful 
though the first experience was, it was 
almost too uncanny for mortal enjoyment. 

The visitation of Watt 
almost identical with his first, as far as 
the manner of accomplishment is con- 
cerned, except that I did not experience 
any uncomfortable sensations. I sat be- 
fore the fireplace, idly musing and watch- 
the they shot upward 
trying to see which could reach the highest. 
The evenings were cold, and the warmth 
the blazing 
comfort and 
semidarkness 
another visgt 
companion. 


and have 


second was 


ing flames as 


and soft, mellow light of 
wood gave one a sense of 
contentment. Thus, in the 
I experienced a desire for 
from my former midnight 

Concentrating all my energy to accom- 
plish that end, I his coming. 
The first indication faint 
shadow, which rapidly developed into the 
form of James Watt. We shook hands 
and, passing the cigars, I invited him to 
be seated and make himself comfortable. 

“Well, James,” said T, as he accepted a 


awaited 


was a body 


WARREN 


O. 


chair, and extended his transparent hands 
toward the blazing fire, stating at the same 
time that he was cold, a fact I had noticed 
as we shook hands, “how have things 
been going with you since your last 
visit ?” 

“Oh, in a circle; you know that is all 
we have to do, just prance around in a 
particular circle until we obtain perfec- 
tion for the requirements of that circle, 
when we are promoted to another, but 
easier one, which gives us more liberties. 
As soon as I get to the next circle, I can 
you whenever I like, day or 
night, rain or shine, and then we will hit 
the ‘pike’”’ and James gave me a poke in 
the ribs, after a manner that indicated 
that he would not be at all “slow” when 
it came to seeing the town. 

When James had hands 
and feet, he lit his cigar, and settled back 
in solid After permitting 
him to enjoy the “perfecto” for a rea- 
sonable time, I said: 


come to 


warmed his 


contentment. 


“James, tell me how you happened to 
stumble onto the idea of your condensing 
engine.” 

“Well,” replied James, as he closed his 
eyes in ghostly fashion and wrinkled his 
snow-white forehead as if to recollect 
memories of the dim past were a difficult 
operation, “while I was monkeying around 
the college, I got interested in old New- 
comen’s engine, and I] will give him the 
credit of having the best and most ad- 
vanced type of engine on the market at 


that time, but I decided that it could be 


made considerably more efficient. 

“Tt was an awful steam eater, and was 
only used for pumping out mines. Tl 
never forget the first one I saw. New- 
comen was a blacksmith by trade, you 
know, so what could you expect? I have 
always maintained that he did a better job 
than most blacksmiths could under the 
circumstances. 

“You didn’t the machine 
shops to do the work that the present 
generation have, and when an_ engine 
cylinder was put in a lathe no one knew 
what the exact shape would be after it 
was bored out. He not only had poor 
machines to work with, but the workmen 


see he have 


were not skilled, seeing none of them had. 


ever made a decent engine before. In 
fact, they were hostile to the notion, de- 
claring that they had something better 
to do than to throw away their time on 
an idiotic idea.” 

“But tell me, James—you have been in 
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the spirit world and have had a chance 
to find out—was Newcomen the inventor 
of his engine or did he steal it, as so 
many ideas have been stolen since?” 

“No,” replied James, as he leisurely 
puffed at his cigar, “Newcomen did not 
steal the idea. The engine that bore his 
name was the result of his own effort. I 
know that Savery got out his patents in 
1705, or two years before Newcomen, but 
that was because he had a pull with the 
government; and by the way, his was the 
first patent issued by the government. I 
met Savery the other day, and when J 
put the question to him point blank, he 
admitted that Newcomen had his idea 
first. Savery still is in the outer circle, 
and from the way he cuts up I don’t be- 
lieve he will ever get into another.” 
James gave a little grunt of satisfaction 
said this, which indicated that, 
although he was a spirit, and a progres- 
he still had characteristic 
of mortals. James seemed to think he 
had been a little indiscreet in giving way 
to his spiritual animosities, and hastened 
to change the subject by adding, “I meet 
plenty who are worse than he is, though.” 

“How about Savery’s and Newcomen’s 
difficulties, did they have a lawsuit or: 
was it settled out of court?” 

“Oh, it settled out of court,” re- 
plied James, with greatly increased huski- 
Wishing to 
prevent any interruption of his interest- 
ing little 
“Scotch” and soda to act as a lubricant, 
the which, by the way, was a decided suc- 
cess, as the huskiness immediately disap- 
peared, and when James left me at day- 
light he rounded out two or three verses 
of “Auld Lang Syne” in a rather hilarious 


as he 


sive one, one 


was 
ness in his tones, I thought. 


conversation, I rang for a 


manner. 

“Newcomen’s invention was altogether 
different from Savery’s,” went on James, 
after he had creakingly crooked his elbow, 
and smacked his transparent lips. “Savery, 
you know, thought he had tumbled onto 
something new when he found out that 
the sudden condensation of steam made 
a vacuum, and he used the idea to draw 
up water; but this pump was never any 
good. It was so crude he had to place it 
in a sight. You 
said James, as he gave a hacking cough, 
“old ‘Newk’s’ (Newcomen’s too long to 
bother with in this age of progress) 
engine had a cylinder that stood on 
end in a vertical position under one 
end of a beam, but was open at the top. 


mine out of see,” 
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ie steam pressure in his time was only a 
tle higher than the atmosphere, and it 
is admitted to the cylinder at the bot- 
ni 

“Well, I don’t see how even a black- 

ith could expect to get work out of 
sich a contrivance as that,” I remarked, 

st to draw James’ attention from the 
decanter which seemed to have a fascina- 
tion for him. 

“Well, it wasn’t so bad for an old cod- 
ger like ‘Newk.’ In fact, the other night 
1 took a little trip around New York 
just as the river steamers were putting 
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fresh one. “The idea is the same, only 
there has been a slight improvement in 
the general construction of the engine 
which, by the way, is the outgrowth of 
my idea. 

the steam 
was admitted to the bottom of the cylin- 


“In ‘Newk’s’ engine, when 
der, it allowed the piston to be pulled up 
by an equal weight on a counterpoise at 
the end of the The pump 
plunger was attached to the weighted end 
of the beam, and as the beam worked up 
and down the pump was operated. The 
power of the steam in the cylinder was 


other beam. 
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idea, but didn’t know how to use _ it. 
He—” 

“How did Newcomen happen to get the 
idea of condensing the steam?” I inter- 
rupted. 

“Why, ‘Newk’ used Papin’s cylinder and 
piston and Savery’s principle of condens- 
ing the steam. I met Papin the other 
day and he was still jawing about ‘Newk’ 
using his idea. He was so mad he would 
have gnashed his teeth if they hadn't all 
fallen out long ago. He fumed so 
much about the matter that he is nothing 


but a walking skeleton. 


has 


F3E CS 


WereD 


- 


PPR 


7 








HE ACCEPTED A CHAIR AND EXTENDED HIS TRANSPARENT 


out and I noticed that they are still 
using the same idea of transferring the 
power in the steam to the shaft of the 
engine.” 


“Oh, you will be the death of me,” I 
said, as James looked at me to see how 
I was argument. “Why, 
‘Newk’ never had the ghost of an idea 

the power and magnitude of those 
river-steamer engines, I’ll—” 

Now you just shut your throttle,” in- 
terrupted James, as he threw the butt of 
his cigar into the fireplace, and lit a 


receiving his 


HANDS 


transmitted to the pump by means of the 
beam, just as today it is transferred to 
the shaft of the You 
engineers of today are not such brim- 
stone fumes as you think.” 


beam steamboat. 


It will be observed that James had a 
tendency to be sarcastic at times, which 


is a disagreeable fault in anyone, re- 
gardless of the region he inhabits. As 


James was my guest I said nothing, but 
asked him how the took 
place. 

“Why, you see ‘Newk’ had the right 


condensation 


TOW ARD 


THE BLAZING FIRE 


“Old 


piston and after he got tired monkeying 


Papin made his cylinder with a 
with gunpowder as an expansive force 
he began using steam to raise the piston, 
and then by removing the fire caused it to 
fall again. 

“Savery stumbled onto the fact that the 
sudden 
vacuum, 


steam made a 
utilized it 
Well, as I said, ‘Newk’ combined 
these ideas, but he used the expansive 


condensation of 
and he to draw up 


water. 


force of steam to do the work and used 
the cylinder and piston, first expanding 
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the steam and then condensing it, and so 
transferred the heat into mechanical 
motion. 

““Newk’ finally rigged up a cylinder 
having what you today term a _ water 
jacket,” resumed James after wetting his 
whistle, “and I supposed he always would 
have used it if he had not found out by 
accident that there was a better way. 
One day the engine started up two or 
three revolutions faster than usual and 
‘Newk,’ getting scared, shut it down and 
didn’t know whether it was best to run 
it again or not. After fussing round 
awhile he got some ‘lumpers’ to take off 
the cylinder head, when he found that a 
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small hole had appeared in the cylinder 
from the water jacket, allowing a stream 
of water to run in on top of the piston. 
This condensed some of the steam and 
also made the piston steam-tight. After 
that he abolished the water jacket and in- 
jected the water for condensing purposes 
through a pipe in the bottom of the 
cylinder.” 

“Very interesting,” I remarked, as 
James ceased speaking and relit his cigar. 

“Interesting nothing,” replied James, in 
a disgruntled voice; “that is the kind of 
an engine they make so much noise about 
and say I got hold of, and that I got all 
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my ideas from ‘Newk’ and other old fos- 
sils, and all that. I did get an old model 
of ‘Newk’s’ engine to monkey with, but 
I can tell you it was a total failure. It 
had a sort of valve gear for operating 
the valves. It is said that a boy by the 
name of Humphrey Potter got up this 
idea, and from what I know of ‘Newk’ I 
would as soon think ‘Hump’ worked out 
the idea as that ‘Newk’ did.” 

“Well, how about your condenser?” I 
asked. “We started to discuss that ques- 
tion at the start and I don’t know any 
more about it now than I did before.” 

“Well,” replied James, as he arose and 
rattled his bones in his attempt to stand 





. 


steadily, for truth demands the confession 
that he had begun to show signs of a 
state not altogether supernatural, and at 
times sang softly a few verses of the 
latest catchy songs, although where he 
got them I don’t know. “Well,” re- 
peated James in a_ thickening voice 
(I determined then and there to have 
the mixture weaker for his next visit), 
“I. take it that we had better let mat- 
ters stand for atime. It is about sun-up and 
this staying up all night ain’t what it is 
cracked up to be. I will tell you about 
my condensers next time. So long.” 

He reached out his cold, bony hand to 
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shake goodby, and as I extended m 
own the morning sunlight streamed i 
through the window and in the twinklin 
of an eye the phantom vanished. 





Power Plant of Miller & Lux 


By Netson DEAN 


Some years ago I chanced to be in 
southeastern Oregon, when J made up m\ 
mind to take a trip to Texas on the hu: 
ricane deck of a bronco. One of my, 
friends suggested that I make the trip by 

















way of the Miller ranches. I secured a 
map and, with his aid, marked out a 
route that was to take me to the heart of 
the cattle plains of Texas. During a trip 
of six months I traveled over several 
thousand miles and only once slept on 
anyone else’s property. 

At one of the ranches I met and made 
a friend of an engineer, Mack Lyon, 
whom I chanced to meet a short time ago 
on Market street, in San Francisco. He 
invited me to visit the plant at “Butcher 
Town,” which is located south of the city 
by San Francisco bay. I found the place 
so interesting that I went to the trouble 
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‘f securing the accompanying photo show- 
ng the plan of the main machinery. 

The engine room comprises 3166 square 
feet. The view taken shows to the left 

135-kilowatt two-phase 60-cycle Fort 
\Vayne generator, operated at a speed of 
275 revolutions per minute, and direct- 
onnected to a 14x14-inch “Ideal” engine. 
Naturally, the chief electrician tried to 
hide the engine by getting in front of it. 
Next to the right is the central point of 
interest in the form of a Larsen-Baker 
ice machine of 100 tons capacity, with an 
18x36-inch steam cylinder and a 15x25- 
inch ammonia cylinder, driven at 60 revo- 
lutions per minute and direct-connected 
to a .Bates-Corliss engine. 

Next may be seen the 30-ton ice ma- 
chine, with a 12x32-inch steam cylinder 
and a 10x20-inch ammonia cylinder. The 
ice machines are packed with Garlock am- 
monia packings. Next come two 7% and 
8 by g-inch duplex air pumps fitted with 
special regulating governors. The work of 
these pumps is to bring water from three 
14-inch wells, 150 feet deep, located half 
a mile from the plant. To the extreme 
right are two electrical exciters. The 
larger is a 25-kilowatt 200-ampere 125- 
volt generator direct-connected to an 
American blower engine, with a 6x6%- 
inch cylinder, running at 370 revolutions 
per minute. The small exciter is a 7.5- 
kilowatt 52-ampere 145-volt machine, 
direct-connected to another American 
blower engine, with a 5x5-inch steam 
cylinder, driven at 375 revolutions per 
minute. 

It will be noticed that all the steam 
mains head toward the right-hand side of 
the print, showing the location of the 
boiler room, which has 2070 square feet 
of floor space. Here are three 300-horse- 
power Atlas water-tube boilers and one 
10-horsepower vertical boiler carrying 175 
pounds superheated steam pressure. In 
this room there are also two 7% and 4% 
by 10-inch boiler-feed pumps, one 400- 
horsepower Cochrane heater and purifier, 
and one 12 and 734 by 18-inch salt-water 
fire pump, connected with a modern 
sprinkler system. The foremost figure in 
the picture (my friend, Mack Lyon) acted 
as installing engineer and is now chief 
engineer. He is facing the imperturbable 
Mr. O’Brien, superintendent of the pack- 
ing house. 

The pit in the foreground contains two 
large water pumps used in connection 
with the air compressors. The cooler is 
equipped with 33,000 feet of 2-inch direct- 
expansion pipe and 30,000 feet of am- 
monia pipe. There is 650 feet of live- 
steam pipe and 600 feet of exhaust-steam 
pipe, used for heating purposes; also 
2000 feet of water pipe used about the 
buildings. Oil is used as fuel, being 
stored in two 12,000-gallon tanks, 27% 
barrels being used daily. 

The cost of the power plant stands at 
about $300,000, there being $100,000 to be 
use] in installing new machinery in the 
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near future. The total cost of the pack- 
ing house is about $1,750,000. This par- 
ticular plant is one of several that han- 
dle the output of the Miller ranches. All 
of its products go to supply our navy 
department on the Pacific coast and 
everything is rigidly inspected by United 
States inspectors. 





An Instructive Experience with the 
Tirrill Regulator 





By W. NELson 





In an hydroelectric plant of 20,000 kilo- 
watts capacity, where there are two 1200- 
ampere 125-volt exciter units, the ex- 
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ELEMENTARY DIAGRAM OF EXCITERS AND SEC- 
ONDARY CONTACTS OF REGULATOR 


citers are sometimes operated in parallel 
on account of heavy overload, as_ this 
gives better voltage regulation. There is 
in use there the Type TA Form Fo Tir- 
rill regulator, which has three secondary 
contacts shunted across each exciter-field 
rheostat. Under normal load with one 
exciter the instrument gives excellent 
regulation, but with about 25 per cent. 
overload on the station there is exces- 
sive sparking at the contacts whenever 
the power factor is low. 

To avoid this wear on the contacts and 
for better regulation the exciters are run 
in parallel during the peak-load period. 
There are no equalizing rheostats in the 
circuits; the exciters are shunt wound, 
and although of the same type and capa- 
city, with the field rheostats in the nor- 
mal running position and the commutator 
brushes on the neutral points exciter No. 


wn 
ui 
“ 


2 would take about 40 per cent. more load 
than No. I. 

At first the load was equalized by cut- 
ting resistance out of No. 1 exciter field 
rheostat. This caused excessive sparking 
at one of the three contacts on No. I 
side of the Tirrill regulator, as the rheo- 
stat was out of the normal running 
position. 


METHOD OF EQUALIZING THE Loaps 


After several trials, a method was de- 
vised to equalize the loads and still have 
the exciter field rheostats in their normal 
running positions, and without the ex- 
pense of installing equalizing rheostats. 
As the exciters when in parallel carry 
only 50 to 60 per cent. load at most, the 
brushes could be shifted a little about 
the commutator without sparking. The 
brushes of No. 1 exciter were set as far 
back and those of No. 2 as far ahead as 
possible. The load was not then evenly 
divided, but the division was improved. 

Now the normal _ secondary-contact 
spacing of the Tirrill regulator is given 
as 1/32 inch, but as the exciters were 
being run at little more than half load 
this spacing could be varied slightly with- 
out affecting the action of the regulator. 
It was found that by setting the contacts 
of No. 2 side of the regulator at a little 
more and those of No. 1 side at a little 
less than 1/32 inch, the excitation of No. 
I exciter was increased enough to make 
it keep its share of load with the exciter 
field rheostats in their normal running 
positions. 

The explanation for this is that 
although the contacts all opened at the 
same instant due to the action of a com- 
mon magnet, they were closed by in- 
dividual coil springs and the contacts on 
the No. 1 side of the regulator closed an 
instant before those of the No. 2 side 
because they had tess travel; the resist- 
ance of the rheostat of the No. 1 exciter 
was therefore shunted longer than, that 
of No. 2. 

It has been noticed after running this 
type of regulator for some time that 1/32 
inch is the best spacing for the secondary 
contacts. Wider spacing will cause ex- 
cessive sparking at the contacts and 
cause variation in the voltage, while with 
closer spacing there is little or no spark 
ing, but the contacts, which are of chemi 
cally pure silver, will oxidize rapidly and 
have to be cleaned about once a day. 
With 1/32-inch spacing there seems to be 
just enough spark to keep the contacts 
burnt clear of oxide, and with frequent 
reversals of the current through the con- 
tacts by means of the reversing switches 
they will keep in excellent condition and 
give no trouble. It was only on account 
of running the exciters on light load that 
this variation in spacing could be used. 
The regulator is a delicately adjusted in- 
strument and should not be experimented 
with beyond adjusting the secondary-con- 
tact spacing to get best results. 
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Proper Treatment of Boiler Feed 


Data from Plant Which Reduced Maintenance Charges $160 per Month 
by Analyzing Feed Water and Treating with Soda Ash and Lime 
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Owing to the widespread interest that 
is being shown as to the proper treat- 
ment of boiler feed water it might be of 
interest to relate the experiences of a 
plant that has managed to place its treat- 
ment on a_ substantial, 
Previous to January, 1907, this plant had 
a great deal of trouble from boiler scale 
owing to the large quantity of scale-form- 
ing matter in the river water. The plant 
is located at Indianapolis, on White river, 
which flows through a limestone country. 
The analysis shows a total of 25.30 grains 


scientific basis. 
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TESTING OUTFIT 











FIG. I. 


of scale-forming and suspended matter 


per U. S. gallon. 
TABLE LI. 
Grains 

U .s. Gallon. 
Calcium carbonate. a 4.30 
Magnesium carbonate....... eager 1.01 
Magnesium sulphate.............. iat 0.96 
Secu GUINNALE... ees re 0.71 
ee | re ; 0.88 
Iron and alumina........ 0.19 
Carbonic acid............. 0.78 
SO so 5 ects sing roan ‘2 
Alkalinity........ 5.85 
Suspended matter.............. weve 8.02 
PICTUGIINE GOUGS... 6. 0c cece sscevs 25D 
NOMMCPUBEING GOHGS. . .. ck ces 1.59 


Pounds of incrusting solids in 1000 gallons, 2.24 


Before the first of the year several dif- 
ferent boiler compounds had been used 
with very little decrease in the amount of 
scale. Boiler tubes were still being pur- 


A. 


J. 


chased by the hundred, and the cost of 
boiler compound averaged $270 a month, 
or 3.21 cents per 1000 boiler horsepower 
monthly. 





It was then decided to treat the water 
by using soda ash and lime to throw down 
the scale-forming matter, and to follow 
up and check this treatment with feed- 
water analysis. of the treat- 
ment was to analyze the river water for 


The basis 


permanent and temporary hardness and 
treat it accordingly. The feed - water 


analysis is the more accurate of the two, 
and by using it to check up the treatment 
very satisfactory were obtained. 
At the same time the boiler-room records, 
which are of a permanent value in any 
plant, were started. 


results 


TESTING OUTFIT 


The expenditure for a testing outfit was 
not over $10, and the operations required 
for the complete analysis are extremely 
simple. In fact there are automatic feed- 
water analyzers on the market today. The 
apparatus consisted of two 50-cubic cen- 
timeter burettes, one square pint bottle 
with rubber cork, one pint standard N/50 
HCI solution, one pint standard soap solu- 
tion, three 500-cubic centimeter beakers, 
one funnel, too filter papers No. 2, one 
100-cubie centimeter phenol-thalein indi- 
cator, one 100-cubic centimeter methyl 
orange indicator, one 100-cubic centimeter 
graduated test tube, 10 ounces’ barium 
chloride, stirring rod, burette support, 
stand, ete. It is necessary to have HCl 
exactly correct. Normal HCl is 987 
parts hydrochloric acid, and can be ob- 
tained from any chemist. Phenol-thalein 
and methyl orange are chosen owing to 
the distinct color effects when the reac- 
tions take place. 

The burettes mentioned above 
graduated test tubes with a glass stop 
cock in the bottom. 


are 


The soap or hydro- 
chloric-acid solution is poured in and the 
hight of the liquid is read on the glass. 
Suppose the initial reading to be 185 
cubic centimeters. Then after the opera- 
tion is completed, shut the stop cock and 
make the last reading, 25.7. cubic 
centimeters. The difference between 25.7 
and 18.5, or 7.2 cubic centimeters, is th 
amount which has been used. 


say 


oO 


RIVER-WATER ANALYSIS 


The directions for river-water analysis 


for permanent and temporary hardness 


BOARDMAN 


calcium 










are as follows: Hard water may be de- 
fined as water containing in solution min 
eral compounds that curdle or precipitate 
soap; generally the salts of lime, mag 
etc. In the United States 
hardness is generally stated as parts ot 
carbonate million, i.e., the 
number of parts by weight of calcium car 
bonate that would have to be added to a 
million parts by weight of water to pro 
duce the specified degree of hardness. T 







nesia, iron, 





per 










































Power, N.Y. 





FIG. 2. TYPE OF BURETTE USED 






convert grains per gallon to parts pet 
million multiply by 17.18. The standard 
solution is obtained by dissolving 
soap in alcohol. It can 


from 






soap 






pure castile 





also be obtained any analytical 






chemist. 
Total Hardness—-In testing for total 
hardness in river water, 25 







cubic cen 





water to be tested 1s 
diluted with 75 cubic centimeters of dis- 
tilled water. This is to be titrated with 
the standard solution in a 
pint bottle provided with a rubber 
per. One cubic centimeter of soap solu 
tion is added at a time until there is son 
evidence of a permanent lather. Then 
add one-half cubic centimeter and ( 
crease to one-fourth at a time until t! 
lather is permanent, when the bottle ca” 


timeters of the 








soap square 





stop- 
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be aid on its side for three minutes with centimeters of soap solution used will be ness. The result is expressed as before 

no decrease in the lather. The bottle found the degree of hardness in parts per in parts of calcium carbonate per million 

must be well shaken after each addition million. parts of water. 

of soap solution. In Clark’s Table of Permanent Hardness—This is obtained Temporary Hardness—Each cubic cen- 

Hardness* opposite the number of cubic by subtracting the degree of temporary timeter of the test solution used indicates 
: hardness, that due to the bicarbonates and_ 0.001 of a gram of calcium carbonate per 

*Gill's “Engine Room Chemistry,” page 105. lessened by boiling, from the total hard- million. In using, proceed as follows: 


, : Twenty-tive cubic centimeters of raw 
Rainfall in Inches J Cc centimeter ol raw 











233253 23322282352252333333 32 eéeece 3 shenceae water is diluted with 75 cubic centimeters 
bp oe Et FF EFS ESSE SENSES SESES EHSESEE SSE of distilled water and five drops of methyl 
7 orange indicator added, which ‘will turn 
$5 the solution a yellowish tinge. Now add 

ae the acid solution until the color of the 
2. Temporary Hardness ln solution turns from a yellowish to a rose 
= pink. Care should be taken to add the 
ty 20 a a 4 acid solution drop by drop. When the 
$ 1s color turns it indicates the end of the 
- Permanent Hardness reaction. Set the result down and mul- 
= tiply by 4. The product will be the tem- 
perary hardness expressed as calcium car- 
bonate in parts per million. 











2 4 6 8 10 12 li 1b 1s 20 22 23 26 2s 3u 1 3 5 7 9 ll 13 
» 1908 
—_— ae Pier, XW. ANALYSIS OF SOFTENED WATER 

FIG. 3. WATER FROM WHITE RIVER AT INDIANAPOLIS, IND. Measure out 100 cubic centimeters of 
the purified water, put it into a beaker 
and add a few crystals of barium chlor- 
ide. The addition of four drops of phenol- 
WEATHER Mt ht 24 HRS. ENDING SO 3 3 thalein indicator wjll turn the solution 
purple if there is plenty of lime present. 
Now add standard acid solution drop by 
BOILERS. PUMPS PRESSURE goy. || HEATERS drop to obtain a clear solution. This is 


6 7 8 9 1011 12/13|14/15 1617 18 19 2021/22/23 24/11 2 1 a ¥EX28G 


EQUIPMENT IN SERVICE. 





< 213 analysis for lime. The number of cubic 
centimeters of acid solution added indi 
cates the amount of lime present, as ex- 
plained above, and may be read off di- 
rectly from the graduation on the burette. 
Measure out another 100 cubic centimeters 
of the softened water, add four drops of 
the phenol-thalein solution and_ titrate 
with the standard acid solution to obtain 
a clear solution as before. Call the result 
in the first operation B and the result in 
the second operation 4. Then 4 minus B 
in cubic centimeters multiplied by 0.091 
equals the number of pounds of soda ash 
per 1000 gallons; B multiplied by 0.048 
equals the number of pounds of lime per 
1000 gallons. 

Use for standard purification 0.17 of a 
pound of lime and 0.085 of a pound of 
soda ash per 1000 gallons of raw water. 
As the results A or B are either in ex- 
cess or diminished by the standards, to 
determine the proper correction due to 
the impurities in the reagent, add or sub- 
tract the difference in pounds per 1000 
gallons. 


The soda ash,** or sodium carbonate 
TEMPERATURES. REMARKS. 


BOILER FLUE FLED WA CONDENSERS ° e ° . - . 
koom | GAS Lp ) INTAKE [HO nesia forming bicarbonates of soda which 


acts on the carbonates of lime or mag- 


are decomposed by the temperature of the 
boiler into carbonic acid and sodium car- 


5|/10}3 /\Gio bonate. It changes the sulphates into car 
|_| | tt] | |_| bonates, transforming what would be a 
5\3\0| 3/6) /\8\5|) | | | | | Convege: ae hard, crystalline scale into a powdery cal- 
cium carbonate which is easily removed 

WASES TEFDERS, from the boiler, although it hardens after 


ee (jp Lo 
Ue Y~2Aakken, : , . 
—-. : f - —- ih! Oe it J f exposure to the air. The typical reac- 
APPROVED v SIOROAL— 


ii x CHIEF ENGINEER, 
Pouer, N.Y. 


tions are: 





‘ = 7 **Refer to “Engine Room Chemistry,” Gill, 
FIG. 4. DAILY BOILER-ROOM REPORT page 116; or Kent, “Boiler Room Economy.” 
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Calcium Bicarbonate) | sSodium Carbonate) _ 
CaH, (CO;), s Na,CO, 
Calcium Carbonate 

Caco, 


Sodium Bicarbonate) 
2 NaHCO, 


When injected into boiling water the 
above gives: 


Sodium Bicarbonate) _ {Sodium Carbonate) + 
2 NaHCO, a Na,CO, j 
Water “ { Carbon Dioxide 
H{oO . co, 


The effect of sodium carbonate on sul- 


POWER AND THE ENGINEER. 


of the bicarbonates is not complete, as 
with atmospheric pressure the highest 
attainable temperature in a heater of this 
sort would be 212 degrees. The tem- 
peratures actually reached are from 190 
to 200 degrees Fahrenheit, and the result 
is that there is precipitation in the feed- 
water pipe line. In order completely to 
precipitate the bicarbonates in a closed 
heater, a temperature of 2900 degrees is 
necessary, which corresponds to a pres- 
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sure of about 45 pounds gage. The lime 
/ 2/13 sa S 
REMARKS ABOUT TUBES. 
aw: na pero. 
| eee a | 
| : | 
| / Boiler Maker __ | 
| 3 rs / ; 
| 2 leaned. tubes 
| ; 
| 
| — = = —— 
00000 = | Note any work done on the following: 
OOO 1, |BLOWOFF VALVES, 
OOO Packed 
OOOO gs FEED VALVES, . 
OQOOOOOO 7 | Packed | 
6 || 
K 5 CHECK VALVES,  ——— 
OOOOOO 4 FF TT 
QOOOOO: |Gleaned and |__| | | 
2 |Pached _ ae eS 
OOOO 1 WATER COLUMNS & VALVES, 
9 10 1l 2 1 1 16 Cleaned and. ae 
| Pe. (ae ke dL i 














Keep accurate account of Material and Time on the following: 














| Material Amount Cost Hoe OR St | aed I 
G O° ad oa | Brick ha Be 
Con ad IMlOn | Fire Clay - * Se | 
BRIDGE WALLS 4) Time « Sand aii eal | 
Miscellaneous Bovle rm 'kh a. 3 {5 ~) | 
Goo dh | Brick as 
| Fire Clay [| 
ARCHES | Lime & Sand a 
. | Miscellaneous} > 7 4e s | @"'5. 4 ).B0)| =a 
FA IR | Brick i= 
he) ~ [Fire Clay 7 mit 
SIDE WALLS [hime & Gand a = 
Miscellaneous 
Good Brick 
| Fire Clay 
CENTER WALLS { Lime & Saud ae 
| Miscellaneous f 
STOKER FUEL PLATES | /O-—/.25 3.60 
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BOILER OUT a, 
. BOILER IN | en paw eeeee yi o4 
a+ ff: asprovea_ CAar Ho “ ako - 
ek C ea . J a B Chief Engineer. 
SIGNED ] 
‘ “ Power, NV. 
FIG. 5. REPAIRS ON BOILERS AND BOILER-ROOM EQUIPMENT 


phates is shown by the following reaction: 


Calcium Sulphate ) , sSodium Carbonate | 
Caso, Na,CO, a 

Calcium Carbonate | + { Sodium Sulphate 
Caco, ale Na,SO, 


The precipitation of the above carbonates 
has a tendency to clarify the water if it 
is very turbid, carrying mud or clay. In 
extreme cases a small quantity of iron 
sulphate can be used. 

With the open feed-water heaters in 
use at the present time the precipitation 


is held in suspension by the presence of 
the carbon-dioxide gas, and no matter 
how alluring are the promises of the feed- 
water-heater salesman, no precipitation 
will take place until this carbon dioxide 
is removed. The best way to do this is 
to put the steam connection for one of 
the auxiliary pumps into the heater above 
the water level and draw the gas off with 
the steam. Table 2 shows the percent- 
ages of lime thrown down at various 
temperatures. 
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TABLE 2. 
Per Cent. Per Cent. 
Lime Lime 
Thrown Thrown 
“=. Down. 7. Down. 
RR ia ohana 50.0 ee ae 
ae 52.3 re 81 
Se 56.8 _ a eer 86 
ere 60.5 a 90 
a re 64.5 MSS Serene 94 
ek sgcie [ae ..7 3 
Snare 73.0 _ 100 


SAMPLE ANALYSIS OF RIVER WATER 


Soap Test. 
28.2 c.c. Final reading. 
18.8 c.c. Initial reading. 
9.4 c.c. Difference. 
0.5 


8.9 K 4 = 35.6 Total hardness. 
Acid. 
39.6 c.c. Fenal. 
32.8 c.c. Initial. 





6.8 c.c. Difference. 
4 


27.2 = Temporary hardness. 
Permanent hardness = 35.6 ~ 27.2 = 8.4 


Soda Ash—For each degree of per- 
manent hardness, 0.091 pound of soda ash 
should be used for each 1000 gallons of 
raw water, 

0.091 X 8.4 = 0.7644 
of a pound per 1000 gallons. 


Lime—For each degree of temporary 
hardness, 0.048 pound of lime should be 
used per 1000 gallons of raw water, 


0048 X 272 = 1.3 
pounds of lime per 1000 gallons. 


The accompanying curves, Fig. 3, show 
the varying degrees of hardness, both 
temporary and permanent, for the month 
of July. It is evident that the permanent 
hardness will vary with the rainfall, and 
that the amount of lime and soda ash 
should also be varied. 


SAMPLE ANALYSIS OF 


Soda Ash (Result A). 
29.4 C.c. 
25.2 c.c. 





4.2 c.c. 


Lime (Result B). 
25.2 c.c. 


24.0 c.c. 


1.2 c.c. 


SoFTENED WATER 


Result A — Result B = 4.22 —1.2= 
3.0 cubic centimeters. 


Then, 3 X 0.091 = 0.27 pound of soda 
ash per 1000 gallons. 

By means of Table 3, which was calcu- 
lated for the 70,000-gallon tanks that were 
used, it was possible to tell at a glance 
how to vary the treatment. 


TABLE 3. 

(Result A) Soda Ash. (Result B) Lime. 
c.c Lb. C.c. Lb. — 
_ eer oe So ae 11.99 
RES arsck. se rann on + Bee @.46....... 9.89 
0 8 a 0.91 fer cn . 8.54 
7 Sehpeeas i oe eee 17 
7 ee — See £.8........ 1.82 
_S SSS a a * rr 0.48 
ane —%8.25 $.6.......... — 0.19 

2 eee —— 
oS eee 1.88 
eee — §.25 


From the result of the above analysis 
of softened water, result A = 4.2 cubic 
By looking at the table ior 


centimeters. 
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Result A at 4.2 cubic centimeters, it means 
to cut the treatment down by about 20 
pounds. Therefore, 


53-5 — 20 = 33.5 
pounds of soda ash, which is correct. The 
other result, 1.2 cubic centimeters for B, by 
the table indicates that eight pounds more 


lime are necessary for the completion of 
the treatment. Therefore, 


91 + 8 = 99 
pounds of lime. New treatment, 33.5 
pounds of soda ash, 100 pounds of lime. 


The analysis -the next day checked this 
up and it was found to be correct. 


Cost oF TREATMENT 


For September, 1908, this was $103.80 
against $270 for boiler compound. The 
cost of treatment for 1000 gallons at the 
present market prices for high calcium 
lime and 58-test soda ash is 66.5 cents. 
The lime used should be high in calcium 
oxide, of approximately the following 
analysis: Calcium oxide, 98.5 per cent.; 
magnesium, I per cent.; iron, alumina, 
silica, 0.5 per cent. 

When properly hydrated it should con- 
tain 15 to 25 degrees moisture, as this 
lime is liable to air slack during the sum- 
mer months unless the hydration is com- 
plete. The ordinary Dolomite lime con- 
tains from 20 to 30 per cent. magnesium, 
which is useless as far as the treatment is 
concerned and it is best to buy on test 
and still farther check up the lime by an 
occasional analysis. 


REDUCING BoILer REPAIRS 


It should be borne in mind that this 
analysis is not absolutely correct and that 
other factors will enter into the treat- 
ment. The river-water analysis will gen- 
erally give an overdose of lime and soda 
ash. This will cause liming and foaming 
of the boilers, so it is necessary to keep 








TABLE 4. 
Cost Per 
Month Main- B.H.P. B.H.P. New 
- tenance.| Hours. Hour. Tubes, 
Cents 
COOORET <i) MEE. Nsacdescepacelese) anaes 21 
February.. 4,977,180 0.0028 19 
March..... 5,468,800 0.00758 64 
April 4,978,600 0.00473 16 
May 4,833,600 0.0088 15 
June 5,312,200 0.00249 15 
5,298,000 0.00158 1 
5,540,000 0.00112 0 
5,427,800 0.00185 0 
5,337,000 0.00166 2 
posted on the conditions of the boilers 


and the river, etc., for successful results. 
Table 4 shows the results of ten months’ 
treatment. The number of boiler tubes 
replaced has been reduced to a minimum, 
and the expense of maintenance is mostly 
repairs to brickwork. Take September, 
for instance; the boiler records show that 
of the total expense for maintenance, 
$05.80 was for brick arches, side walls, 
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etc., and the remainder, $5.80, for stoker 
fuel plates. With the form of boiler re- 
cords shown in Figs. 4 and 5 it is pos- 
sible to follow closely the performance, 
depreciation and repairs to any boiler, 
and also keep a close check on the re- 
newals of tubes and boiler parts. 

The boiler equipment consists of 
eighteen 400-horsepower and four 300- 
horsepower Babcock & Wilcox boilers. 
Total, 8400 boiler horsepower. 

It may be noted that during the early 
months of the year there was only a 
slight improvement in the condition of the 
boilers and the number of tube renewals. 
This was due to the fact, that while the 
importance of the treatment was recog- 
nized, there was no one in the office who 
could systematically follow the treatment 
from day to day or at least check up the 
treatment twice a week, owing to other 
interruptions. The last of June, how- 
ever, the writer took charge, and the 
above would indicate that some sort of 
system is necessary for the best results. 

By Table 4 the average cost of main- 
tenance for material was $247.81 for the 
first six months; the average cost for the 
last four months was $82.87, a saving of 
$160 a month for the plant. 

The writer is indebted to Charles 
Hogate, chief engineer of the power sta- 
tion, for courtesies extended. 





Hydroelectric Development at 
Grand Falls, N. B. 





The contract for the construction work 
involved in the hydroelectric development 
of the Grand Falls Power Company, on 
the St. John river at Grand Falls, N. B., 
has been awarded to the Frank B. Gil- 
breth organization of New York. The 
plant is to develop 100,000 horsepower in 
electric current to be distributed to vari- 
ous cities in New Brunswick and Maine. 
The falls at this point are the largest in 
eastern Canada, with a head of 135 feet. 
They are on the Canadian Pacific rail- 
road, about 200 miles north of St. John, 
N. B., and about 2 miles east of the Maine 
border. It is expected that the develop- 
ment will cost $5,000,000. John B. Mc- 
Rae, of Ottawa, is chief engineer, and 
Ralph Mershon, of New York City, elec- 
trical engineer. 





The International Congress of Applied 
Chemistry, which meets in London, Eng- 
land, May 27 to June 2, will be invited to 
hold its 1912 meeting in New York City. 
The codperation of educational institu- 
tions, scientific societies, manufacturing 
corporations and others interested is being 
sought in order to render the invitation 
more effective. The matter is in the hands 
of a temporary committee, of which the 
secretary is H. Schweitzer, 117 Hudson 
street, New York. 


555 
Polytechnic Mechanical Society 
Meeting : 





Members of the Brooklyn Polytechnic 
Institute student section of the American 
Society of Mechanical Engineers listened 
on Saturday evening, March 6, to two 
excellent addresses. The first speaker, 
George A. Orrok, mechanical engineer of 
the New York Edison Company, and 
secretary of the Gas Power section of 
the American Society of Mechanical 
Engineers, discussed the development of 
the large gas engine in connection with 
blast-furnace operation, showing about 60 
interesting lantern slides and explaining 
the operation of various types of engine 
running up to 4000 horsepower capacity. 
The speaker called attention to the fact 
that among the largest gas-engine build- 
ers in the world there should be included 
the Standard Oil Company, or rather its 
subsidiary, the National Transit Company. 
It does not, however, build engines to 
sell. 

Following Mr. Orrok’s address, which 
was frequently interrupted by questions 
from the audience, evidencing the keen 
interest taken in gas-power development, 
Ernest Bournonville, of the Davis-Bour- 
nonville Company, gave a demonstration 
of the oxyacetylene blowpipe for welding 
and cutting metals. By mixing oxygen 
and acetylene the temperature of 6300 de- 
grees Fahrenheit is reached, permitting of 
the direct welding of metals, together 
with the use of solder or brazing. Mr. 
Bournonville made several welds of steel 
and cast iron, and also welded cast iron 
to steel and steel to copper. By the use 
of an additional oxygen jet various metals 
were cut by the flame. A piece of %-inch 
steel plate about 7 inches wide was cut 
in two in less than one minute. A piece 
of burglar-proof steel, about 3 inches 
square and 1 inch thick, was severed in 
20 seconds. Mr. Bournonville also de- 
scribed welding and cutting operations on 
a larger scale. His experiments excited 
much interest and were continued until a 
late hour, after which the usual colla- 
tion was served in the Spicer library. 





The Greenvale mill, at Littleborough, 
near Manchester, England, is driven by a 
500-kilowatt Brush-Parsons turbo-alter- 
nator and is heated with the waste heat 
from the electric generator. Air at the 
temperature of the surrounding atmos- 
phere is drawn in by the alternator fan 
for ventilating purposes. After passing 
through the alternator, it is delivered at a 
temperature of about 117 degrees Fahren- 
heit into a pipe connected to a branch on 
top of the stator casing, and conveyed for- 
ward to the mill, where it is distributed 
in the various rooms. By using this heat, 
which would otherwise have been wasted, 
ventilation is secured and a clear gain in 
economy effected, as the mill was for- 
merly heated by live steam.—Engineering.. 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Renewing a Valve Seat 


Some time ago the valve-chest face of 
a high-pressure cylinder became so badly 
worn and scored that a new valve and 
valve face were necessary. The new valve 
was finished complete from measurements 
taken from the old valve and the valve 
The new seat was machined the 
width, and approximately the 
proper thickness, allowance being made 
for some fitting; the ports were also fin- 
This meant that after the 
old valve seat was removed it would only 
be necessary to make a templet from the 
old holes, drill and counterbore the new 
seat and bed it in position; then the 
screws being put in, the job would be 
It sounds quite simple and 


chest. 
exact 


ished to size. 


completed. 
easy. 

For various reasons it was considered 
expedient to carry the job through on a 
Friday night, and have the engine ready 
for work at 6 a.m. the following morn- 
ing. Accordingly, when steam was shut 
off at 5:30, operations were begun. The 
casing door was removed and the valve 
spindle and valve taken out. After some 
preliminary cleaning out of fhe slots in 
the holding-on screws, the serious part of 
the begun. The holding-on 
screws were of brass, % inch in diameter, 
with slotted heads. After removing the 
screws holding the valve seat in place an 
attempt was made to remove it with steel 
wedges, but without success; 
be rusted on solid. It was then decided 
to split it off in pieces. A line of holes 
was drilled down the center of the valve 
face and nearly through; the remaining 
metal was then é¢ut out with a cape chisel. 
Wedges were inserted in this space and 
the face wedged off in pieces. 

After tapping out the holes for the pins, 
stout drawing paper was procured and a 
templet made from the valve chest, ports 
The holes were then marked 
and drilled on the new valve seat, which 
was then bedded into position. The rust 
had left the chest face somewhat uneven, 
but with a judicious use of the chisel and 
file it 
enough.” 
placed between the face and the chest and 
the screws put in tightly. The new valve 
and spindle were then placed in position, 
the door put on and the engine was ready 
for steam. 


work was 


it seemed to 


and _ holes. 


was soon pronounced “good 


A thin coating of red lead was 


W. Burns. 
Glasgow, Scotland. 


A Gasket Difficulty 


A troublesome gasket in a vertical sur- 
face condenser recently came under my 
observation. It was located between the 
vapor dome and the barrel. The con- 


























CAUSE OF A GASKET DIFFICULTY 


denser is used to condense the hot vapors 
from a drying oven. Numerous failures 
of the gasket necessitated the frequent re- 
moval of the dome. 

It was noted that when the circulating 
water had been run through under higher 
pressure than usual for several weeks, the 
gasket lasted much longer. This led us to 
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the solution. The outlet pipe at the t 
of the barrel turned downward, as sho 
by the dotted lines in the accompanyi 
sketch, and prevented the maintenance 
a head of water sufficient to come int 
contact with the tube plate. The loop i 
the pipe keeps the troublesome surface 
flushed with water, and obviates a gr 
deal of bothersome work. 

J. J. O’Brien 

Buffalo, N. Y. 





Technical Education 


Through the engineering journals, at 
frequent intervals, we see the young tech- 
nical graduate heated up in the furnace 
of public inspection and then placed un- 
der the steam hammer to be knocked and 
pounded into shape, or ridiculed by a few 
prejudiced unbelievers. 

Notwithstanding all that has been said 
to the contrary, there is no person in the 
world who realizes how little he knows 
as does the graduate during his first 
year out of college. He begins to see that 
he has just got a few principles or foun- 
dations by which he may use his brains 
for useful thinking. For this reason, con 
trary to Mr. Johnston’s assumption 
that the “ordinary grad” considers him 
self 100 per cent. efficiency, he joins the 
ranks of the toilers, and is willing and 
anxious to pick up the tricks and kinks 
as they present themselves; and the man 
who takes the pains to help the 
“tech” on his way finds a warm place in 
the heart of the latter. 

It is admitted that a great many boys 
have the conceited and bloated feeling, 
but that does not come after graduation, 
it is in the fellow when he comes to col- 
lege, and in the most of our schools it is 
the purpose to kill this evil by means of 
that essential to all condensing apparatus, 
cold water. 

A large percentage of the fellows who 
come from our State universities and 
other institutions worked _ their 
through by sacrificing a good 
things, and they appreciate the value of 
technical education. Do not condem 
the college graduate because he is not 
pert in some particular thing; he 
got only the fundamentals, while you may 
have worked on this very job for 
ten or twenty years. 

Cater H., JoHNnso? 


poor 


way 


many 


Orono, Me. 
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Do Crank Pins Always Wear Flat? 


W. O. Platt, in his article on: “Do 
Crank Pins Always Wear Flat?” in the 
‘ebruary 9 number, brings up that ques- 
ion ina direct manner. He has had per- 
onal experience with bearings on crank 
pins where the pin did not wear flat. 
Some pins wear flat and others. do not, 
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Scaled Pipe Connection 


Fig. t is a sketch of the piping con- 
nected with the feed pumps and hot-water 
heater in the Criminal Court building, 
Chicago, Ill. The pumps refused to run 
at their rated speed, although they did so 
when installed, their speed gradually re- 
ducing until it was evident that some- 


Cold Water from 4 























= 3 House Tanks } 
=) Supply to House! | 
—— _— ‘ — 
Oe nea | z= +" [[ 7 | [fo T | 
/ xhat > 
6’ of Deposit Exhaust from Pt umps’ 234" “" Z 
found here = —= 2 This Valve 
} wi tp 
Steam Line to Pumps ," Hot Water Heater 
14 — / 
. - 2 ee in Coil e | 
ae §---f- YD 
™ +a ‘ 


Drip from Coil to ‘Trap—! i— | ea 





114 En 





Power, V.¥. 


FIG. I. CONNECTIONS OF FEED PUMPS AND HOT-WATER HEATER 


depending on several conditions. The 
first and most important of these is the 
fitting of the bearing around the pin. If 
the bearing fits snugly the pin cannot wear 
flat, while if it does not the pin will surely 
wear flat, especially in a single-acting en- 
gine. This may be illustrated in the fol- 
lowing manner: 

Take a flat surface bearing on a pin 
along a single element of its surface and, 
with the impulse all in one direction, the 
side of the pin toward the impulse will 
always wear flat, the flatness depending 
on the magnitude of the impulse. This 
will be seen to be the condition when a 
loose box is placed around a pin, the box 
only bearing along a very narrow surface. 

However, in a well-fitted bearing it is 
impossible for the pin to wear very flat, 
for to make it wear flat the box must bear 
harder at one place than at another. As 
the box fits the pin it must bear hard 
around one whole half instead of merely 
on a line. Further, the impulse usually 
lasts for almost a half revolution of the 
pin, so that the portion of the pin on 
which the bearing is forced by an impulse 
extends almost all the way around the 
pin. The very slight flatness which may 
be induced by the resiliencies of the ma- 
terial in the box and pin, and by the small 
learance which the box must have in 
order to run freely, are taken off by the 
eneral frictional action removing the 
igh parts first, and also by the force 
xerted on the “nonwearing” side of the 

by the resistance of the piston mov- 
g¢ back to its original position. This 
st force is also augmented in the gas en- 
ie by the compression pressure. 
James T. BARKELEW. 
Los Angeles, Cal. 


thing must be done to provide sufficient 
water for the boilers, tanks, etc. The 
steam for the pumps was taken from an 
auxiliary steam main. The exhaust from 
each pump entered a 4-inch auxiliary ex- 
haust main, thence blowing to the main 
exhaust and feed-water heater, not shown. 

It will be noted that the hot-water 
house-supply tank is provided with a 
valve A, to heat by exhaust steam, and 
a valve B, to heat by live steam. 

















FIG. 2. SECTION OF 4-INCH EXHAUST PIPE, 
SHOWING OBSTRUCTION 


The cause of the trouble was due to the 
2-inch coil C in the hot-water tank be- 
coming perforated and the water from 
the cold-water house tank being forced 
into the exhaust pipe through the leaky 
valve A. 

This first cause was supplemented by a 
second one, as the water was forced to 
come in contact with the exhaust steam, 
and mingled with more or less oil from 


un 
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the pump cylinders, causing the solid mat- 
ter in the water to precipitate in the in- 
terior of the 4-inch exhaust pipe. As this 
composition was being exhausted toward 
the main exhaust, it is plain that if any re- 
striction were to be offered to its pas- 
sage it would occur between the two 45 
degree ells; consequently, I ordered the 
exhaust main taken apart between these 
joints. 

No flange unions being near, we used a 
large 4-inch pipe cutter, placing it at the 
point D and cut out a piece about 8 inches 
long. The condition of the interior of 
the pipe is shown in Fig. 2; the formation 
of the different layers of scale is shown 
by the numerous circles. It was found 
that this scale, which was as hard as a 
piece of limestone, reached the entire dis- 
tance, 6 feet, between the two 45-degree 
ells. 

J. W. Grawam. 

Chicago, II. 





Extraneous Supervision of Power 


Plants 


I should like to ask the following ques- 
tions of the Engineering Supervision 
Company, of New York City: 

To whom do they furnish absolute 
proof of their ability to decrease the cost 
of power and maintain or increase the 
efficiency of the plant without any fur- 
ther outlay or expenditure on the part of 
the user? 

Can they afford to hire a well-trained 
engineer to operate and keep in repair 
each individual plant, involving a knowl 
edge of the most economical methods of 
conducting such work; or do they mean 
to say that either by absent treatment or 
a few superficial examinations they can 
accomplish what some very able and ex- 
perienced men have often found it difficult 
to do by working every day and some 
nights ? , 

Upon whom does the responsibility rest 
for the safety of life and property in a 
plant so conducted? If the engineer is 
the competent man he should be, must he 
not necessarily feel like a subservient 
tool to be held responsible while some- 
one else draws a stipend for the hazard 
which he assumes? 

In case of overhauling being necessary 
in any of the supervision company’s 
plants, does the engineer go ahead and 
line cylinders with crank shafts, and re- 
bore, refit, babbitt, divide clearances and 
make leaky valves tight and set them by 
indicated diagrams properly taken? Does 
he then turn his mechanical ability all 
cheerfully to the supervision company for 
them to collect on? 

Does the company claim that the man 
whom yesterday they accused of being a 
grafter, but who today may be in their 
employ as an engineer, has undergone 
such a radical conversion that his log 
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book is to be taken as documentary evi- 
dence that all inside the covers may be 
taken literally by the man who foots the 
bills? 
Horace L. Brapsury. 
West Everett, Mass. 





Removing Broken Studs or Set 
Screws 


There are two methods in general use 
for extracting a broken stud or a set 
screw. One is to drill it out with a drill 
of about the same diameter as the bottom 
of the threads, and remove the remaining 
small pieces from the hole with a chisel 
or other suitable tool; the other method is 
to take a round-nose or diamond-point 
chisel and drive the stud around, thus 
screwing it out, sometimes. 

The first method has many drawbacks, 
as the threads in the hole are often dam- 
aged, either by the drill running to one 
side or during the subsequent operation 
of extracting the threads; it is also next 
to impossible to drill out the commercial 
set screws that are case-hardened all over. 

The second method is not always suc- 
cessful and very often does more harm 
than good, but sometimes very stubborn 
pieces may be started by employing two 
chisels, one on each side, and having each 
man strike in unison. 

Fig. 1 illustrates a job I had to do 
some time ago. The casting weighed sev- 
eral tons, and the only shop within miles 
was a blacksmith shop, where I borrowed 
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drill with a %-inch drill and 
forged a punch similar to Fig. 2. I then 
drilled a hole %4 inch deep in ‘the end of 
the broken stud, drove in the punch, ap- 
plied a wrench to the projecting end of the 
tool and screwed out the troublesome 
piece. : 

This method has since proved ex- 
tremely useful on many occasions, especi- 
ally when extracting small set screws, as 
the center of these is generally soft 


a breast 
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enough to enable a small hole to be drilled 
with comparative ease. I have also re- 
moved taps by the same method, after 
softening with a torch. 
A. J. TAytor. 
Nanaimo, B. C. 





Pressure Vibration in a Steam 


Main 


The accompanying indicator diagrams 
were taken at one of the power plants of 
which I had supervision. They are a good 
illustration of the influence which can be 
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exerted upon one engine by another fed 
from the same steam main and standing 
nearer the boilers. 

A 6-inch steam main from a battery of 
Heine boilers feeds, by means of a branch 
pipe, a 30 and 52 by 48-inch cross-com- 
pound noncondensing direct-connected en- 
gine. The pipe then diminishes in cross 
section and supplies an Ingersoll-Sergeant 
16 and 32 by 36-inch cross-compound non- 
condensing air-compressor engine with 
Corliss valves. 

When the dynamo engine is running, the 
intake line of the second engine shows 
considerable vibration; when the dynamo 
engine is not running, the intake line of 
the compressor engine becomes straight. 

In Fig. 1 is shown a diagram, of the 
high-pressure cylinder taken from the 
compressor engine when the dynamo en- 
gine was running under usual conditions. 
Fig. 2 shows a diagram taken under the 
same conditions, but with a I00 per cent. 
cutoff to show distinctly the characteristic 
vibration of the intake line on the com- 
pressor. Fig. 3 shows a normal diagram 
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of the same cylinder, the compressor 
working under the same load, all the con- 
ditions being the same as in the first case, 
except that the dynamo engine is not 
running. 

During these trials the dynamo engine 
made 103.5 revolutions per minute, de- 
veloping 156 horsepower. The compressor 
engine made 23 revolutions per minute, 
compressing 750 cubic feet of free air per 
minute to an average pressure of 87 
pounds. 

The second diagram shows nine vibra- 
tions. Multiplied by 23, the number of 
revolutions per minute, gives 207 double 
vibrations per minute, which exactly cor- 
responds to the number of strokes of the 
direct-coupled dynamo engine. 

A comparison of the energies used in 
the compressor in the cases of Figs. 1 
and 3 gives the following difference in 
favor of Fig. 3: Fig. 1, high-pressure 
cylinder, 86.193 horsepower; low-pressure 
cylinder, 75.33 horsepower. Fig. 3, high- 
pressure cylinder, 80.154 horsepower ; low- 
pressure cylinder, 74.25 horsepower. 

The vibration of the steam pressure in 
the main in this case causes a loss of about 
4.4 per cent. in the efficiency of the com- 
pressor engine. 

W. N. Porakov. 

New York City. ° 





Faulty Pump Connections 


The arrangement of a new boiler-feed 
pump that caused trouble is shown in the 
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FAULTY PUMP CONNECTIONS 


sketch. The pump had a lift of 20 feet 
and was placed quite close to the feed 
water heater. When the pump was first 
started no trouble was experienced, but 
after stopping and then restarting th« 
pump the failure occurred. 

The trouble was caused by the pump 
being placed too close to the feed-water 
heater, as the heat from the heater coils 
prevented the pump from producing a 
vacuum, consequently the water would 
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‘ail to rise to the plungers. A check 
valve C was placed in the discharge line 
‘rom the pump to the heater and no fur- 
ther trouble was experienced. This little 
failure called an outside engineer from a 
distance of over 100 miles. 

In erecting the pump carelessness had 
been displayed in placing the suction line, 
foot valve and strainer as shown, conse- 
quently the foot valve failed to work. It 
was tested by trying to prime the suction 
pipe, but it could not be filled, indicating 
that the foot valve was not tight. An 
examination of the valve disclosed its 
faulty position. 

C. R. McGaney. 

Lynchburg, Va. 





Engineers’ Knock Detector 





The instrument shown in the accom- 
panying cut is an engineers’ homemade 
detector, invaluable for determining the 
location of knocks, pounds, drips and 
leaks. A great many of these detectors 
are used by municipal water inspectors in 
their “waste and leak” inspections. 

The principle of operation and mode of 
construction are similar to those of an 
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KNOCK DETECTOR 


elementary telephone receiver. A _ trans- 
1itter rod communicates the vibrations to 
a diaphragm, which produces the proper 
vibratory effect on the ear. The requisites 
for construction are some scraps of tin, 
soldering tools and 6 inches of brass wire 
bout 1/16 inch in diameter. The stiffer 
the wire the better. 

The cut shows the construction clearly 
enough to need little description. Make 
the tube about 5 inches long and 1 inch 
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in diameter. Close the end with a disk, 
punched to allow the rod to project 
through about % inch, and solder the rod 
to this disk. Make the greatest diameter 
of the funnel 3 or 4 inches, and leave a 
¥%-inch hole in the cover for the ear. Cut 
the diaphragm 2 inches in diameter and 
let it fit loosely under the riveted head of 
the rod. 

To use the instrument, place the rod end 
on the object to be investigated and the 
funnel end to the ear. Such trouble as 
loose piston rings, chattering slide valves, 
water in cylinders, etc., can readily be 
located. To locate leaks in piping, shut 
off all valves and then listen for running 
water in the pipes. 

J. J. O’Brien. 

Buffalo, N. Y..- 





An Engineer Who Is also a Doctor 





One of the best engineers on the Bos- 
ton & Albany railroad leads a dual life, 
as after his daily run the engineer be- 
comes a doctor. He is a graduate of 
Brown University and has a_ medical 
diploma. His name is H. F. Brackett, 
and he drives a locomotive because he 
loves the “iron steed.” At certain times 
during the day he wends his way through 
the streets of Brighton with an air of 
dignified reserve and with medicine case 
in hand. His calls upon patients being 
over, his silk hat is placed in its bandbox, 
off comes his white necktie, fancy vest 
and other stylish clothing, and an hour 
later Dr. Brackett is speeding over the 
rails, eyes to front, and his hand firmly 
clutching the throttle. The clever physi- 
cian has become the skilled engineer. 

For twenty-seven years, and up to the 
present year, Dr. Brackett ran the big 
record-breaker “No. 221,” which pulled 
the New York express from Boston to 
Springfield. In his thirty-eight years of 
unbroken service as an engineer he has 
the rarely equaled record of never having 
been in a wreck. He has never killed a 
person nor destroyed a cent’s worth of 
property through negligence or ineffici- 
ency. With “No. 221” he has_ broken 
records, has made a mile in 40 seconds, 
and has daily driven 100 miles in two hours. 

As a physician, Dr. Brackett is a mem- 
ber of prominent medical societies. As 
an engineer, he is known to every rail- 
road man in Boston. He is examining 
physician for the Brotherhood of Loco- 
motive Engineers and for the New Eng- 
land Order of Protection. He is the 
physician of the men of the Boston & 
Albany, and when Dr. Brackett is about 
the yards of that road he is sought by the 
injured and the distressed. In his grimy 
overalls, his face blackened by smoke and 
ashes, he has dressed burns, performed 
surgical operations, bandaged bruises and 
cuts and questioned and advised. 

H. A. PacKarp. 

Dorchester, Mass. 
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An Engine Revolution Gage 





In our plant there are two 125-ton ice 
machines, direct-connected to two Cor- 
liss engines. As it is necessary to adjust 
the speed of the engines from time to 
time, according to the requirements of 
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ENGINE-REVOLUTION GAGE 


their loads, we used to have to “fool 
around” with the governor and then 
count the revolutions with watch in 


hand, sometimes ten or fifteen times a 
day. This made it very inconvenient, so 
we made the arrangement shown in the 
sketch. 

We screwed a graduated scale made 
out of a piece of steel plate on the side of 
the governor stand, and attached a 
¥-inch brass rod on the stecl block ex- 
tending through the vertical slot in the 
stand. The rod was extended 
down, and so bent that its lower end 
pointed to the lowest mark on the scale, 
or zero, when the engine was stopped. 
When the engine runs at its highest speed 
the pointer is on the highest mark on the 
scale, which is 100. We run at different 
speeds, say 25, 50 or 75 revolutions per 
minute, and in that way we graduated 
our scale. We graduated the scale be- 
tween these revolutions by dividing the 
spaces equally. All we have to do now 
is to look at the scale to know at what 
speed the engine is running. 

Epcar G. 

Roxbury, Mass. 
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Boiler Settings 


When called upon to design a new 
boiler setting the engineer usually recalls 
the defects in his present settings and 
endeavors to eliminate them in the new. 

Probably the weakest point in the brick- 
work of a return-tubular boiler setting is 
the back connection, which is sometimes 
so small that the tubes can only be 
reached with difficulty, and often the top 
row of tubes is so close to the arch that 
they will not admit an expander. There 
is no reason why this part of the combus- 
tion chamber should not be’ roomy. 

Back arches made up of firebrick will be 
found to be unsatisfactory and expensive, 
considering the frequency with which they 
must be renewed. A slight shrinkage in 
each of the numerous joints will soon 
cause the brick to loosen and a bursting 
tube or an accidental blow when clean- 
ing will bring it down. There are several 
forms of arches composed of molded 
blocks of refractory material, which will 
hold their place and are independent of 
iron bars or forms for support. 

A space of 3% inch should be left be- 
tween the head and the back arch to allow 
free movement of the she]l, otherwise the 
back wall will bulge out and crack. This 
space should be packed with asbestos after 
the boiler has been fired up. Usually some 
of the rivets of the braces will come into 
this space and if the heads are formed up 
as they should be will interfere with the 
free movement of the boiler. This can 
be overcome by chipping out a recess in 
the arch opposite each rivet head. 

The combustion chamber should be 
paved with firebrick, starting at a point 
near the top of the bridgewall, sloping 
until directly under the end of the boiler 
and then continue level to the back wall. 
The clean-out door in the back wall 
should be set so as to be on a level with 
the paved floor, which will render it easy 
to remove the soot. door 
should be of a heavy pattern and fit the 
frame The frame should be 
firmly anchored and made tight. More 
air will usually leak in between the frame 
and the brickwork or around a warped 
clean-out door than anywhere else in a 
setting. 

The blowoff pipe should be protected 
by a firebrick shield, open on the back for 
inspection. A pier of red brick should be 
built from the foundation up to near the 
floor of the combustion chamber to form 
a firm and independent support for the 
blowoff shield. The blowoff pipe should 
be extra heavy and extend from the 
boiler to an elbow under the paving’ of 
the combustion chamber, and then through 
the back wall. A thimble of 4-inch pipe 
should be built in the back wall for the 
pipe to pass through so that it can be 
easily The opening between 
the pipe and thimble can be filled with 
asbestos fiber. 


Care 


The clean-out 


closely. 


renewed. 


must be taken to see that the 
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brackets have an even bearing on the wall 
plates. If this is not the case it will cause 
a serious strain upon the shell. It is cus- 
tomary to specify that the bottom of the 
brackets be machine finished, and it is just 
as important that the wall plates be fin- 
ished on their top surface. Care should 
also be taken that the rear brackets are 
properly placed on their rollers and that 
a space is left around them when brick- 
ing in, so as to allow free movement. 

It is customary to carry the outside 
walls considerably above the top of the 
boiler and to finish with a stone or con- 
crete coping. There should be a space left 
in the center of the back wall about 2 feet 
wide, with the bottom on a level with the 
top of the arch so-that soot on the top 
of the setting can be swept out and col- 
lected here. Usually the top of the arch 
is the bottom of a deep pit which is hard 
to keep clean. Such an opening will 
facilitate repairs to the arch. 

It will be found very convenient when 
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tween the arch and shell packed with 
plastic asbestos. 

Many of these small details which the 
operating engineer sees do not come to 
the notice of the designer, as he does not 
have the opportunity to see the weak 
points in his plans; however, it is usually) 
these very things which cause the annoy- 
ance and extra labor in operating and 
maintaining the plant. 

Lewis C. REYNOLDs. 

Willard, N. Y. 





A Useful Leveling Instrument 


The accompanying sketch shows how a 
leveling instrument I have used for some 
time is made. The two gage-glass stand 
ards are made of ordinary pipe and fit- 
tings, except that at CC the pipes are 
filled with lead and calked. A 34-inch 
hose nipple is used at DD to connect to 
an ordinary 50-foot garden hose, although 
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A USEFUL LEVELING INSTRUMENT 


making tests to have an opening into the 
combustion chamber back of the bridge- 
wall, also in the back wall opposite the 
tubes, to insert a pyrometer or to connect 
This can be 
accomplished by inserting a 14-inch pipe 
in the wall flush with each side and 
screwing a cap on the outside. The inner 
end can be packed with asbestos fiber. A 
34-inch hole drilled in the delivery pipe 
between the valve and the nozzle will save 
drilling one by hand when it is desired to 
insert a calorimeter. 


a draft gage or gas sampler. 


The ashpit should be deep and have a 
waterproof bottom. It should 
slope back from the ashpit door to a point 
under the back edge of the dead plate and 
the cement should be carried up the sides 
and bridgewall at least 6 inches, to pre- 
vent wetting the brick when water is car- 
ried in the ashpit. It will also eliminate 


cement 


the corners which cannot be kept clean. 
Care should be taken that the fire-door 
arches extend back far enough to protect 
the front row of rivets and the space be- 
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tube would do as well. 

In filling, place the standards side by 
side on the bench and allow the hose to 
trail out on the floor; then fill with water 
to the top of the coupling and screw tl 
plug in tight. See that there are no air 
pockets in the hose, as the air might caus 
an inaccuracy in the level by bubbling up 
through the water. 

One person must tend each gage, and a 
a signal each must mark the hight of th: 
water level on the wall; then after closing 
the valves A transports his gage and holds 
the water level at the mark made by Bb 
while B makes a new mark; thus rela) 
may be established for any practical dis 
tance. 5 


a small rubber gas 





This device will be found very conve! 
ient where it would be inconvenient to us 
a transit, even if one were at hand, b 
cause of darkness and intervening wall 
It will also be found useful in gradi 
long lines of steam pipe, etc. 

PHILIP PARKER 

Woburn, Mass. 
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Throwing Coal Away by the Ton 


I was recently in an engine room that 
showed how coal could be thrown away 
by the ton. There were two 1000-horse- 
power vertical engines of the high-speed, 
cross-compound type running condensing. 
There was also another smaller engine of 
similar type to carry the lighting load 
nights. The real trouble was in this small 
engine and in one of the larger units. 
Their exhaust connections are arranged 
as in the accompanying sketch, and to 
make matters worse, the pistons are of 
the oval type with dished heads, so that 
the bottom one is like a cup in which con- 
densation may collect. 

The exhaust connections shown in the 
sketch may work all right if the engine is 
loaded all the time, and there is sufficient 
volume of steam to keep it swept clear 
of water. When the engine is not fully 
loaded the steam will cut across corners 
and allow all the condensation to run back 
into the cylinder, as it is a difficult matter 
any way to carry the water around the 
curve A, up the vertical portion and turn 
a right angle into the exhaust pipe. 
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EXHAUST CONNECTIONS OF LOW-PRESSURE 


CYLINDER 


All the water from the top of the cylin- 
also blown down the bottom. 
When it accumulates in large quartities a 
portion of it will be blown out, but there 
will always be some left in the bottom of 
the cylinder, which will leak through the 
packing and make it almost impossible to 
keep the piston or valve rods tight, and 
frequently flange joints leak, too. There 
is not sufficient water to cause a wreck, 
but there is enough for the piston to give 
light blows and distress the weakest part, 
which, after a time, will give way. 

It is wholly inexcusable to make an ex- 
haust like this, as on a vertical engine the 
exhaust should out straight from 
the bottom so as to thoroughly drain all 
‘ondensation. 


der is to 


go 


I had a low-pressure cylin- 
der like this at one time, and I put in a 
214-inch drain pipe, shown by the 
dotted lines, and led this pipe down into 
the condenser. 

At this engine room the trouble is all 


as 
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credited to the boilers giving wet steam, 
notwithstanding thousands of boilers of 
the same make are giving good service, 
and show no tendency to prime. 

To remedy the trouble they have taken 
the trap off every drain pipe and opened 
them wide, some five or six I- to 1%4-inch 
pipes and 130-pound steam pressure. Then 
all of the cylinder cocks are run wide 
open. Just think how much coal can blow 
to waste under those conditions. Also the 
chance the boilers have to give dry steam 
with such a and the fires run‘ so 
hard that the breeching to the chimney is 
badly blistered. 

They have decided to get some new 


drain 


boilers, also some new engines of some 
kind. Getting the new engines is all right, 
but there is nothing wrong with the boilers 
if they only had a chance. 
W. E. Crane. 
Broadalbin, N. Y. 





Transformer Connections 


When reading Mr. Carroll’s letter, I 
noticed that he does not quite understand 
that his two transformers being connected 





FIG, 
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Pump No, 2 





FIG. 


in open delta take current from the three 
phases, as he states they take current only 
from phases one and two. One 
leads 


trans- 
connected between 
and the 


between 


former is 
and 
connected 


one 
transformer is 
two and three, 
and the resultant of the phase displace- 
iment between the two transformers, which 
is taken of the leads and 
three, is a third phase supplied to the 
transformers ; with the 
nected to the circuit all three leads 
quire the same amount of power. 
The transformer which 
rent to the lamps, connected to one phase, 
should not any effect 
the regulation of the system, or, rather, 
the three-phase circuit which supplies the 
power to it. If the lighting load is enough 
of the cir- 
cuits it to add an- 
other transformer and connect it with the 
other in delta the 


two, other 


leads 


care by one 


so motor con- 


re- 


supplies cur- 


cause serious on 


to cause undue unbalancing 


would be advisable 


open across supply 


501 


lines, and then evenly divide the load on 
This will eliminate 
The regulation of cir- 
cuit mentioned should not necessarily give 
any trouble. 


the secondary side. 
all unbalancing. 


James E. KILroy. 
Lincoln Place, Penn. 





Pressure Required to Raise a 
Valve 


In recent numbers there have been let- 
I have made 
tests on three 3x3-inch double- 
cylinder (crank between cylinders), single- 
acting oil pumps which worked against a 
common pressure of 200 pounds and en- 
tirely independent of each other, with pipe 
The illustrations and table 
explain the results obtained. Taking pump 
No. 1, the boring surface of valve A is 
3/32 inch and the tank pressure 190 
pounds. The cylinder pressure, or that 
necessary to raise the valve is 193 pounds. 
With the having a_ bearing, 
shown at B, Fig. 1, the tank pressure was 
186 pounds and the cylinder pressure 190 


ters discussing this subject. 
several 


connections. 


valve as 
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pounds. The tank pressure was taken by 
the same gage, through a simple arrange- 
ment of piping, before and after the tests. 
There was no special arrangement of the 
valves except that the springs were re- 


TABLE OF 


PRESSURES. 


Tank 


Pressure. 


Cylinder 
Pressure. 





; { A 190 193 
yee — a = 

\ A 181 185 
Wes Baise cece } B 176 119 
. { A 187 196 
sascha B 186 190 
moved. In the tests the pressure raised 


to the highest point, or reading, and ‘hen 
dropped back to about 1 pound ebove 
tank pressure. 

ALDEN SEARS. 


Electron, Wash. 
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Wear of Bearings on High Speed 
Engines 





Many engineers say they do not like 
high-speed engines, because of their wear- 
ing so fast. I have: a 150-horsepower 
high-speed engine and I find its perform- 
ance remarkable in this respect. 

The engine has been in service over 
five years and the tool marks are quite 
visible on every wearing journal. I have 
taken up on the two main bearings once 
since the engine was erected, and by dis- 
connecting the eccentric rod at the bail 
joint and working the valve by hand, 
after steam is turned on, no shaft lunge 
_can be noticed, and it will probably be 
another year before the bearing caps will 
have to be removed. The crank-pin 
brasses ran for thirteen months without 
adjustment, and all I took up then was 
the thickness of a piece of very thin 
paper. Not the slightest wear on the 
crosshead pin can be detected with a 
pair of calipers, although the engine has 
done a twelve-hour “stunt” every day 
since it was first started. The valve has 
a large wearing surface and seems to be 
as tight as at first. I use metallic pack- 
ing on the piston rod. 

I also have a 20x42-inch Corliss engine 
that has been in service over five years. 
I have never had to take down a single 
rod or bearing. I had one of the dash- 
pots out once, and also centered the pis- 
ton rod in the cylinder. We also do the 
ordinary adjusting all around every so 
often. 

Oaks Kycer. 

Danville, Ill. 





Pump Valves 





The writer was recently called to a 
plant to locate the trouble with a boiler- 
feed pump. The engineer said he had just 
taken out the brass valves and replaced 
them with hard-rubber valves. 

I found that he had placed the rubber 
valve on a seat which did not have any 
bearing next to the stud, the stud being 
cast solid on the seat and required a 
valve with a hollow stem which works 
over the stud. 

It was evident the water would be 
forced up through the hole in the valve, 
around the stud and then forced back 
again by the pressure from the boiler, the 
water churning back and forth through 
the valves. I had him get a new set of 
valve seats, having a screw stud and a 
bearing around the same. 

I have found that a good rubber valve 
is the best for a boiler-feed pump, no mat- 
ter how hot the water is, but I think it 
a good idea always to place the old brass 
disk on top of the rubber, as it dis- 


tributes the pressure all over the valve 
and keeps it from cutting down or sink- 
ing through the seat. 
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Some engineers argue that they must 
have springs on top of the valve on a 
boiler-feed pump. I cannot see why this 
should be, because the pressure from the 
boiler always holds them down, and again 
the area of the top is a great deal more 
than the bottom, the spring only making 
it harder to lift. 

H. T. Fryant. 

Jackson, Miss. 





An Engine Accident 





Not long ago I was running a 16 and 
30 by 42-inch cross-compound Corliss en- 
gine. It had only been installed about 
three months when the high-pressure pis- 
ton rod broke off in one of the three 
threads remaining outside of the jam nut 
of the crosshead, with the result that the 
cylinder head was pushed off, pulling the 
stud bolts out, breaking out the holes and 
cracking the walls for a distance of from 
I to 6 inches. 

We had to get a new rod, piston and 
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I stated that the engine was balanced as 
well as it could be without taking dia- 
grams every time the load changed; but 
the agent pointed out that I was only 
carrying 5 pounds receiver pressure, and 
that the gage was tested and found to be 
all right. My argument did not “go,” for 
I could not talk as well as the agent. 

I told him that the specifications called 
for a square thread on the rod, not a 
V-shaped thread, neither did they call for 
a cracked rod. 

The accompanying diagrams were taken 
under the same conditions as when the 
rod broke, and I should like some of the 
readers to point out the defects of each 
and figure the horsepower. 

THOMAS SHEEHAN. 

Pittsfield, Mass. 





Use of Coal Oil on Commutators 





I can recommend the use of coal oil 
on commutators for low-voltage machines. 


80 Rev. per Min. a 
Cylinder 16 by 42 
Dia, Rod 3” 

Scale 60 


























Power, N.Y. 
Cylinder 30’ by 42” 
Dia, Rod 3” 
80 Rev. per Min, 
Scale 16 
Power, N.Y. 


DIAGRAMS FROM A 16 AND 30 BY 42-INCH CROSS-COMPOUND CORLISS ENGINE 


cylinder, and as the engine was guaran- 
teed for a year the company naturally ex- 
pected the builders to pay the damage. 
The agent was in town and had been in 
looking the plant over the day before and, 
as he said, had noticed that we were 
carrying 5 pounds receiver pressure with 
an average load of about 300 horsepower. 
The agent took the short piece of broken 
rod which showed about one-third of its 
area as a new break. The other two- 
thirds had been pounded smooth, show- 
ing that the crack had been opening and 
closing a great number of times, perhaps, 
since the rod was put in. 

In a week he came back with data from 
experts showing that there was enough 
good metal in the rod to pull the load, 
provided the load were balanced. I was 
called to the office to explain why I did 
not run the engine as it should be run. 


After shutting the machine down I take a 
little coal oil on a rag and wash the com- 
mutator with it. This removes the for- 
eign matter and will generally keep it in 
good condition, providing the machine is 
free from grounds, short-circuits, etc. 

For machines much above 110 volts I 
have found it unsatisfactory. I first tried 
it on a 550-volt rotary converter. It 
sparked so badly that I had to take it off 
the line and give it a good cleaning, using 
paraffin for my brushes. I have used coal 
oil on other machines of about that volt- 
age with the same result. 

I obtain good results with paraffin on 
the higher voltages. It not only lubricates 
the commutator, but stops all chattering. 
T heat the paraffin quite hot and dip the 
brushes into it. 

J. J. McIntosx. 

Phoenix, Ariz. 
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A Cause of Engine Wreck 





The following conversation took place 
between a license examiner and an engi- 
neer: 

Examiner—What would be the result 
of lengthening the long rod and shorten- 
ing the short rod on the governor of a 
Corliss engine? 

Engineer—It would make 
longer. 

Examiner—But would it? 

Engineer—Certainly it would. 

Examiner—lf the load and steam pres- 
sure remained the same, would it? 

Engineer—The governor would assume 
a higher plane. 

Examincr—That’s it, the governor as- 
sumes a higher plane. 

If the engineer had been allowed to 
continue he would have said: “And to 
assume this higher plane the engine must 
run faster, and to run faster the cutoff 
must be longer.” There is another ques- 
tion that corhes in here and that is: Will 
it bring the governor to a point where, 
with no load, the cutoff is too long and 
the engine will run away? 

There have been many flywheel wrecks 
from this cause. When the engine is 
erected these rods are left so that the 
governor at its highest point will not 
allow the valves to open to admit any 
steam and care should be taken that the 
governor is always in that condition. 

Poppet valves are usually opened by 
one cam sliding around on the small side 
of another. To set the valves the gov- 
ernor is raised to its highest point, and in 
that position the governor is turned to 
bring the highest point of the cam op- 
posite one of the valves. The valve 
should be set so that the cam will pass 
and just touch, but not open it. The 
other valve is then set the same way. 
The governor is then lowered and 
brought up to one of the valves so that 
the cam will open it the amount of lead 
that is necessary. The engine should be 
on the same center. 

Poppet valves are driven by gears. The 
gear should now be put on the stud and 
put in mesh with the gear on the engine 
shaft. If it will not mesh upon the first 
trial, turn it around until it does. The 
valves are now set to give the full range 
of cutoff, and the engine will not run 
away, as it cannot get steam to run above 
a certain speed. There are no belts to 
break and nothing can happen to the 
governor. 

The same thing should be looked after 
in all engines. An engine that will admit 
steam after the governor is at its highest 
position is unsafe to run, for with a 
vacuum and no load a runaway is almost 
issured. To change the length of the 
rods on the governor without investi- 
gating this point is to invite trouble. This 
is one of the most important features 


the cutoff 
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about any kind of an engine, but in how 
many cases does it receive a thought? 
With governor belts there is always 
danger and a safety stop is necessary. If 
gears and a positive drive could be sub- 
stituted it would reduce the danger. 
W. E. CRANE. 
Broadalbin, N. Y. 





Some Condenser Troubles 





A certain steam plant was equipped 
with a barometric condenser which dis- 
charged into a hotwell, overflow of which 
led to the river some distance away. 
Upon starting the engine a vacuum of from 
26 to 27 inches was obtained, but in about 
ten minutes the vacuum would drop to 
18 or 20 inches and remain there. No air 
leaks could be found and the supply of 
water was ample. An investigation of the 
hotwell showed an overflow pipe but lit- 
tle larger than the condenser-discharge 
pipe, and about 2% feet below the top 
of the well, which was fitted with an air- 
tight cover. When the water rose above 
the overflow, the vapor from the con- 
denser accumulated in the top of the well 
and raised the pressure in the well above 
that of the atmosphere. This reduced 
the effective weight of the column of 
water in the discharge pipe and decreased 
the velocity of the discharge, consequently 
causing a loss of vacuum. A larger over- 
flow pipe was put in and the trouble dis- 
appeared. A vapor pipe in the well cover, 
to prevent the accumulation of vapor, 
would probably have answered as well. 

A combined air and circulating pump 
in another plant discharged into a small 
sewer. As time went on many connec- 
tions were made to the sewer, and the 
condenser began to give trouble. With 
the engine under a heavy load the pump 
would become suddenly flooded, in sev- 
eral instances breaking the pump. As 
there was no automatic atmospheric valve 
the exhaust had to pass through the pump 
until a gate valve was opened by the en- 
gineer. A separate sewer for the con- 
denser was built at considerable expense, 
but the writer believes that a vapor pipe 
on the condenser discharge, with an auto- 
matic, atmospheric valve in the exhaust 
pipe, would have overcome the trouble, 
which was doubtless due to an accumula- 
tion of vapor in the sewer. 

In another steam plant a barometric 
condenser gave considerable trouble, due 
to air leakage. A vacuum could be ob- 
tained and held when the engine was not 
running, but when running the vacuum 
would fall off and break with a heavy 
load. It was at first thought that the 
water supply was insufficient, or that the 
packing in the low-pressure cylinder was 
leaking enough to cause the trouble. 

Subsequent events showed that the suc- 
tion pipe of the feed pumps leaked con- 
siderably, causing them to deliver a mix- 
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ture of air and water to the boilers. The 
air came over with the steam to the en- 
gine and then to the condenser, accumu- 
lating in the top of the condenser until it 
finally broke the siphon. A new feed- 
pump suction was the cure. 

One plant apparently had no difficulty 
in the condenser line. The gage on the 
board showed 30 inches, and the engi- 
neer claimed that it was correct, as it 
had been tested. A test gage placed di- 
rectly upon the exhaust pipe showed 
about 26 inches. The engineer said that 
when the plant was first started the gage 
showed 26 inches, but this had gradually 
increased until it reached 30 inches. He 
had supposed that the condenser was be 
coming more efficient with use. Upon 
loosening the union nut beneath the gage 
the pointer dropped back to 26 inches, 
where it remained when the nut 
tightened. 

This engine operated part of the time 
exhausting to the atmosphere, and when 
so working the condensation was forced 
up into the gage pipe, nearly filling it. 
When running condensing the gage showed 
the vacuum, plus the weight of the water 
in the pipe. Loosening the nut on the 
union had allowed the water to flow back 
to the exhaust pipe. 


was 


W. O. JACKMAN. 
Paterson, N. J. 





Improper Boiler Blowoff Con- 


nection 





Our boiler blowoff pipe was 1% inches 
in diameter and was screwed into the 
back head about 3 inches above the bot 
tom of the shell, so that it was impos 
sible to blow out the mud and sediment, 
which in time accumulated in the boiler 
to a considerable extent. It was impos 
sible to wash it out with a hose, so the 
only way to clean the boiler was with a 
hoe, which was not satisfactory. A hole 
the same size as the blowoff pipe had been 
tapped in the bottom of the shell about 2 
feet from the back end, but plugged. To 
put the blowoff pipe at the proper place 
could not be done until a reinforcing ring 
had been placed around the hole. A local 
machine shop which also did boiler-repair 
work was given the job of putting on the 
reinforcing ring. 

The boiler had no handhole in the back 
head, while the one in the front was 
smaller than the average, and it was diff- 
cult to get the rivet bar inside the boiler. 
The bar was made the shape of a clay 
pipe, inverted, and had to go in stem first 
so it could be pushed back toward the 
back head. We finally succeeded in get- 
ting it in after altering its shape by heat- 
ing and hammering, then its stem was 
pulled out through the former blowoff 
hole. 

JosepH ALLAIRE. 

Victoriaville, Canada. 
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A Posthumous Contribution to the Recent A. S. M. E. Discussion; How 
Safety Valves Should Be Rated; An Argument against “High Lift” 
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Certainly there is way in which 
safety valves should not be rated, and 
that is by the area of the disk or of the 
inlet for in the 
outlet-discharge capacity is proportional 
to the circumference of the valve seat and 
the circumference will, of course, increase 
in proportion to the diameter, while the 
inlet and disk areas will increase in pro- 
portion to the square of the radius. If 
the lift of the disk is the same for all 
the ordinary sizes of valve, the discharge 


one 


connection ; every case 


areas and capacities of the valves are di- 
rectly proportional to the diameters, and 
the inlet diameter becomes a direct meas- 
ure of the relative size or capacity of the 


valve. ‘There seems to be no good rea- 
son to depart from this method of de- 
noting valve sizes, which has been the 


uniform custom in the past, and it will be 
found to be and = satis- 
factory than any other method. The lift 
may properly be assumed to be uniform in 


more accurate 


all the sizes of valve such as we are con- 
sidering, for this is the actual perform- 
ance in practice. If there is any meas- 
urable difference in special cases, it will 
generally be found that the larger valves 
lift less vertically than the smaller ones. 
This is as it should be in proper design- 
ing, from the practical point of view of 
prompt and quiet action, durability of the 
The smal- 
ler valves have less weight of moving 
parts, less momentum, less load, springs 
of more tractable proportions and may 
safely lift higher. 

Valves should not be rated in discharge 
alone. The discharge rating of a 
valve would be different for every pres- 
sure and would be dependent upon the 
care in maintaining the uniformity of 
commercial springs; and it would be in 
any case a theoretical amount arrived at 
by a formula which might be amended 
by any designer or salesman to suit the 
exigencies of contract price or 
specification of capacity. This would in- 
troduce in the first place a hopeless con- 
fusion in odd sizes, and leave the engi- 
neer wholly at the mercy of the repre- 
sentations or the misrepresentations of 
selling arguments. The standard 
familiar in practice to all engineers, now 
denote the size of the inlet-pipe connec- 
tion which must be provided in the boiler ; 
if different designs of valve have differ- 


valve and safety to the boiler. 


area 


every 


sizes, 


*Discussion submitted since the A. S. M. E. 
February meeting, which was devoted to 
“Safety Valves’ and was reported in our 
1909. 


issues of March 9 and 16, 


A. 


B. 








ent apparent or claimed efficiencies, al- 
lowance can be made 
judgment of the engineer. 


for this in the 
We do not 
rate iron pipe in discharge capacity or 
area, but by commercial-diameter sizes; 
and this universal custom has never been 
overturned at anyone's suggestion merely 
because the inside diameter of hydraulic 
or extra-heavy or brass pipe differs from 
that of ordinary pipe, or because bends 
and elbows may reduce the flow; engi- 
neers exercise their judgment. in specifi- 
cation. The actual lifts or discharge areas 
of valves should be determined 
after impartial con- 
competent and disinterested 
engineers, under conditions of scientific 


and re- 


ported upon tests 


ducted by 


accuracy and fair precautions, where each 
valve is intelligently regulated to work 
under its intended limits, and 
not from any reports of tests conducted 
manufacturer without the 
the other makers whose 
valves were thus treated, and where the 
noted many 
cases purposely limited. 


normal 


by any one 
knowledge of 
one measurement was in 

My judgment is that the valves should 
be so designed and proportioned to the 
boiler capacity that the valve disk should 
not be required to lift too far from its 
seat. The effects of hammering the seat 
and unduly ‘distorting the loaded helical 
spring are to cause leaky valves, which 
require frequent regrinding, and the stick- 
ing of the valves in opening and closing. 
All such trouble or danger can be avoided 
by limiting the rise of the disk in valves 
for stationary boilers so as to give an 
effective free opening through the valve 
seat equal to 0.05 inch vertical measure- 
ment as the maximum; and I_ believe 
there is no argument, except unreasoning 
demand for cheapness of boiler equip- 
ment, that would increase this limit; in 
the 
bility and safety would suggest to conser- 
vative engineers reducing the amount of 
lift instead of increasing it. The in- 
creased discharge capacity of the larger 
valves is measured by the enlarging cir- 
cumference of the valve seat, the dis- 
charge area increasing in direct propor- 
tion to the diameter size rating without 
increasing the lift. 


most cases considerations of sta- 


At 200 pounds pressure the total spring 
load upon a 4-inch disk is 2500 
pounds, and as the valve lifts the farther 
compression may increase this 1000 pounds 
more; and this force acting upon a large 
disk, through any considerable distance, 


over 
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valves 





develops a tremendous energy, which is 
as the time or suddenness of 
movement is lessened, and rapidly multi- 
plies in proportion to the square of the 
distance for every increment of higher 
lift. The destructive effect of such aug- 
mented force in actual experience is be- 
yond anything that the mere figures of a 
formula for acceleration and _ energy 
would convey to the mind. The loads 
and reaction and the unwieldy propor- 
tions of such large springs will, of course, 
be reduced to about three-fourths as much 
in the I do not refer 
the mere pounding of the seat, 
leaks and chatterings, and _ re- 
frequent repair and _ regrinding, 
but the destructive and dangerous effects 
upon the The circumstances of 
opening up the seams in testing boilers 
when tried out, the con- 
demning of boilers on account of leaks 
developing soon after being fitted with 
new valves of the so-called improved de- 
sign, are well known, not to one manu- 
facturer, but to everyone who has under- 
taken any original work in this field, and 
not this year only, but a dozen and twenty 
years ago, within the knowledge of those 
who were leaders in the business at the 
time. For, after all, this is a practical 
question, about which the best manufac- 
turers know from the records of 
past experience than all the discussions 
of a year could suggest for possible trial. 
Tests of lifts and capacities of safety 
are reported in textbooks, such 
as Peabody and Miller’s “Steam Boilers,” 
printed a dozen years ago. 


redoubled 


flat-seated valve. 
now to 
causing 
quiring 


boiler. 


models were 


more 


For locomotive valves, where the steam- 
ing capacity of the boiler is relatively 
large, and the steam is freely discharged 
into the open air in all directions, and the 
valves are subjected to thorough monthly 
inspection and repair, sometimes by re- 
quirement of law and always by skilled 
and experienced repairmen, the lift of the 
disk has been commonly equal to about 
0.075 or 0.08 inch of effective vertical 
measurement, but it should not be more. 
In valves of the 45-degree bevel-seated 
type, the effective opening is only about 
0.7 of the actual vertical lift, less also 
any overlap of the regulating lip or ring 
which controls or throttles the steam 
after it passes the valve seat, so the act- 
ual spring compression should be about 
Free- 
dom and directness of flow of the escap- 
to con- 


114 times the measurements given. 


ing steam are essential points 
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ler; and measurements of dimensions 
id time of discharge are subordinate to 
d to be interpreted in the light of act- 
| performance in long-continued ser- 

ei 

In this matter of proper opening for a 

lve, “it is a condition which confronts 
us and not a theory.” The present prac- 
tice of some manufacturers is deliberately 
what it is, because, in their judgment, it 
is the wise and the proper one. Cus- 
tomers have not in recent years inquired 
so much about the lift and dimensions of 
safety valves, but manufacturers them- 
selves have studied and considered them 
from all sides. 


A high lift is not in itself a desirable 


thing nor a direct measure of the dis- 
charge. It would be ideal if, when the 


critical pressure were reached, some by- 
pass valve or outside linkage would oper- 
ate the lever and lift the disk, freely to 
permit the steam to escape directly to the 
open air over a rounded edge. But the 
too common practice is exactly contrary 
to this, and the steam which theoretically 
has been released at the seat of the valve 
finds itself imprisoned in an outer cham- 
ber where it must be delayed and _har- 
nessed, in a sort of low-pressure cylinder, 
until by its impact in a tortuous passage 
and its expansion against the enormous 
spring load, it forces the disk up in the 
“pop” lift. Not an ounce nor breath of all 
the (supposedly necessary to be 
released at a critical moment of danger, 
and treed only to relieve the boiler) can 
escape to atmospheric pressure until it 
has thus given up its measure of work to 
lift the disk, and the larger the disk area 
and corresponding spring load, the greater 
will this work be; and the higher the lift 
desired, the longer and more completely 
will the steam be confined and throttled 
to extract the utmost of work from the 
escaping flow. The expansion chamber 
is sometimes cunningly constructed with 
a regulating ring (patented by Richard- 
son in 1866 and 1869) so devised that the 
edge overlaps the edge of the lip of the 
disk to prevent all free passage to the air 
whatever until the disk has lifted at least 
the amount of the overlap, so the first few 
hundredths of an inch of lift are prac- 
tically ineffective and the remainder of 
the lift gives the equivalent of only 0.7 
of the actual vertical movement. Rich- 
ardson himself described the essential 
feature of his invention, in thus limiting 
the outlet “Consisting in forming 
th surface outside of the 
ground joint for the escaping steam to 

against; the said surface being sur- 


steam 


flow: 
valve with a 


rounded by a projecting or overlapping 
lip, rim or flanch, leaving a narrow space 
for the of the steam when the 
valve is opened, but which, although of 
greater diameter than the valve seat, by 
son of the said lap, presents a less area 
©! opening for the escape of steam than 
is produced at the valve seat.” 

\lthough traditionally accepted by the 


escape 
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various boards and approved under the 
admiralty rules, I cannot help .looking 
upon this as a wrong engineering principle 
and design, deliberately to throttle or 
constrict the outlet during the first part 
of the lift, and strangle the steam dis- 
charge, for the sole purpose of getting 
extra work out of the steam, instead of 
discharging it freely and immediately; 
the steam may appear to get out over the 
valve seat with the large lift, but it is 
not yet safely out into free air to give the 
boiler relief. If the steam can be made 
to get away freely in proper quantity, 
without any delay, restraint or expansion 
chamber, why should it be thus hindered 
simply to produce a spectacular lift of 
the disk? 

The lifting of the valve disk against the 
increasing of the shortening 
spring should be performed by an auxili- 
ary stream, separate from the main dis- 
charge. 


pressure 


If we could discharge sufficient 
steam with even less lift, any valve would 
be the more efficient and desirable. With 
large lift the strain and torsional deforma- 
tion of the spring are unnecessarily great, 
with resultant cocking and side thrust on 
the guide-wing bearings; which have been 
known to show a reduction in diameter 
of '@ inch in a few weeks of service; the 
strain upon the boiler itself is dangerous 
when such a valve opens and closes, and 
water is drawn out of the boiler with the 
steam when the opening is too great and 
sudden. The throttled-lip action can be 
likened to the mule that stops to kick over. 
the whiffletree ; it is spectacular, but there 
is not a peund of useful pull on the traces 
and no made until it is 
We do not buy mules by measuring the 
hight they can kick, but by the load they 
will actually haul in a steady pull, and 
sudden jumps and jerks that break the 
harness but do not really start the loaded 
yagon not useful work. In Africa 
the savages buy old muskets by their kick 
or recoil; that gun is considered the most 
powerful which has the worst kick; but 
we know that all the kick of a gun is sub- 
tracted from its effective work of dis- 


progress over. 


are 


charge upon the bullet, and we do not 


buy guns on that basis. 

For stationary boilers, which are used 
generally at the lower pressures, 6 inches 
diameter of the the limit 
which should be attempted, and valves 
larger than 5 inches in diameter cannot be 
recommended. <A_ 5-inch the 
largest size permitted by law to be used 
in Massachusetts, and the board in that 
State was not influenced by any argument 
from manufacturers on this point. The 
rules of the supervising inspectors of the 
Steamboat Inspection Service provide that 
no valve shall be larger than 6 inches in 
diameter, but I have been informed that 
there has been serious consideration by 


/ 


them of reducing this limit to 4% 


valve seat is 


valve is 


4 inches 
diameter, although no official action has 
been yet taken to amend the rules. The 


fact that supervising engineers seldom 
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specify valves larger than 5 inches is a 
fair indication that such practice is rea- 
sonable and within good judgment. 

My opinion, based upon experience and 
the reports of the performance of many 
thousands of valves in the sev- 
eral styles of different manufacturers, is 
that pop safety 
should not be larger 
diameter at the seat. 


use, of 


valves for locomotives 


than 3!2 inches 
At 200 pounds pres- 
sure the total load upon the valve disk in 
the bevel-seated type of 
pounds, 


valve is 1925 
perhaps pounds 
more to maintain the lift when the valve 
opens, or more than 2500 pounds as the 
maximum. the flat-seated 
valve this initial load is 1575 


increased 600 


For annular 
pounds, in- 
creased to about 1800 pounds when the 
valve lifts, but the possible maximum is 
under all conditions less than the initial 
or minimum‘ load the 


valve; and the effective discharge area in 


upon bevel-seated 
the 3'%-inch size amounts to a little more 
than I square inch at only 0.08 inch lift 
of the disk, or something over 3 pounds 
of steam per second, according to a com- 
mon formula. The 3-inch valve of the 
flat-seated design, at lift of 0.075 of an 
inch, has an effective area of a little over 
0.8 of a square inch, equivalent to 2% 
pounds of steam per second at 200 peunds 
pressure. 

This capacity is increased to 4 pounds 
of steam per second in a 4-inch valve with 
0.08 of an inch lift, but all parts of the 


and 


size; and there seems no good reason for 


valve become unwieldy in’ weight 
opening up such a large hole in the boiler 
as 1% discharge 
12% 
inches, requiring a valve weighing some 
Certainly the 4 


square inches effective 


area with a valve circumference of 


thing over 75 pounds. 


inch size is the extreme that can be 
recommended. The disadvantages far 
outweigh all other considerations, even 
taking into account any difference in 
cost. 


Experience leads me to fix the effec- 
tive area of I square inch as the largest 
unit of valve capacity which it is advisa- 
ble to open suddenly in large boilers of 
the steaming capacity of modern locomo- 
tives. Several such units may be opened 


at intervals of 4 with safety 
and advantage, whereas fewer larger units 
would the 


boiler to serve only a penny-wise argu- 


pounds 


mean an unwise strain upon 
ment which might appeal to the purchas- 
ing agent, but ought not to influence the 
engineer. 

The boiler 
are enormous when a large valve is sud- 


shocks and strains upon a 
denly opened at high pressure and as sud- 
denly closed again. I have heard of such a 
valve being opened, when those near could 
only compare the action to that of a navy 
gun, and seated the 
could be felt in the ground, and the win- 
dows in the building would rattle. Such 


performances represented as the ideal aim 


when it vibration 


in valve designing is the short way to 


madness. Suddenness is not effective- 
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ness, as endless experiments in mechanics 
are designed to demonstrate. Much bet- 
ter practice is that recommended and 
more commonly followed for locomotives, 
using three valves of comparatively smal- 
ler size, set to open 2 pounds or 4 pounds 
apart, one or more of the valves being 
called into operation in succession as the 
steaming conditions may require; the 
successive sudden shocks not being dan- 
gerous or destructive. This prevents any 
serious rise in boiler pressure before re- 
lief is afforded. 

We know that in actual service two 3%- 
inch valves or three 3-inch valves have 
been ample to take care of the largest 
locomotive boilers under the most severe 
requirements of heavy steaming and 
freight service on mountain railroads, and 
that under such circumstances the third 
one of a series of three 3-inch valves has 
never been known to blow; while records 
made of locomotives under special obser- 
vation on this point prove that on many 
locomotives not more than one of the 
3-inch valves has been known to blow and 
the pressure has never increased  suffi- 
ciently to reach the second one set at 2 
pounds or 4 pounds above the first. The 
effective discharge area of a 3-inch flat- 
seated valve with a lift of 0.075 inch is a 
little more than 0.8 of a square inch, 
actually discharging 2.5 pounds of steam 
per second, so that the combined capacity 
of the three 3-inch valves would be 7.5 
pounds of steam per second. This con- 
firms my opinion that Mr. Whyte is cor- 
rect in saying that safety valves need not 
have a discharge capacity equal to the 
steam-generating capacity of the locomo- 
tive boiler under forced draft. I believe 
that experience has been sufficient to 
demonstrate that a total valve capacity 
theoretically equal to 2 square inches of 
discharge area for ordinary locomotives, 
and 3 square inches for the largest ones, 
has been safe and efficient, and has never 
been called upon for more than two-thirds 
of even this provision. To provide 
greater capacity than required means 
either a multiplication of valves unneces- 
sarily or a provision of larger valve capa- 
city in each unit, not only needlessly, but 
recklessly regardless of other conditions 
of certainty of operation and freedom 
from repairs in the more vital daily opera- 
tion of a locomotive. What purpose will 
it serve for a designer to point with pride 
to a locomotive and boast that its valve 
capacity is a certain large and heretofore 
unrequired amount, if those valves are of 
skort life, cause dangerous strains and 
costly deterioration in the boiler and con- 
stantly Ieak so that ordinary working 
pressure cannot be maintained in the 
daily runs? The last state into which we 
are led by theoretical discussion may 
easily be much worse than anything that 
conceivably could happen to us, but has 
never yet happened, when empirical rules 
of the past have been sensibly and rea- 
sonably applied. 
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Our own honored past president, F. R. 
Hutton, wrote not long ago upon the sub- 
ject of steam boilers: “There are sup- 
posed to be, in some circumstances, sud- 
den evolutions of steam in such quantities 
that no relief is possible through safety 
valves. In regard to such cases it can 
easily be shown that by reason of the 
high specific heat of water, as compared 
with iron, it is very difficult for any large 
quantity of steam to be made even from 
overheated plates, so that disasters per- 
haps rightly attributed to low water are 
the result not of excessive internal pres- 
sure but of strain from contraction when 
such overheated plates are suddenly cooled 
by contact with water.” 

I believe that the most sensible solu- 
tion of this whole question will be found 
in equipping a locomotive with three 
valves each of 3-inch or 3.5-inch diameter 
size, as may be indicated in proportion to 
the capacity of the boiler. The first one 
of such valves would be a muffled valve 
set at 200 pounds, to permit only 2 pounds 
drop in steam pressure when it opens, to 
be a working valve to take care of all 
ordinary running conditions, leaving the 
locomotive with proper pressure to con- 
tinue its work after the blowing of the 
valve. The second would be a reserve 
valve of the same type, set at 202 pounds 
or 204 pounds, to take care of unusual 
conditions under which the steam pres- 
sure might possibly continue to rise in 
spite of the first valve, and set to permit 
a drop of 5 pounds or 6 pounds and yet 
not let the pressure go much below the 
normal 200 pounds. The third valve of 
the series would be an emergency valve, 
of the same general type as the others, 
but of different proportion of disk and an 
extremely resilient spring, with an ad- 
justment set to insure an exaggerated lift 
and large discharge, which should cause 
the boiler pressure to drop 15 pounds or 
20 pounds, thus practically putting the 
locomotive out of service temporarily un- 
til this drop in pressure could be re, 
gained; and this would be its true func- 
tion, for the blowing of such a valve on 
rare occasions would indicate an extreme 
condition which would need immediate 
remedying and would compel attention 
not only from the engineer and fireman, 
but from the conductor of the train as 
well. Such a valve would not be prac- 
tical as an economical or satisfactory 
working valve for the ordinary purposes 
in running a locomotive such as is de- 
sirable in the first and second valves of 
the series recommended, to be true safety 
valves of economical range, designed 
simply to limit the working pressure to 
200 pounds and to blow and relieve the 
boilers under ordinary conditions, but not 
to stall the train, and not intended as the 
only or ultimate protection against boiler 
explosion, which function the third valve 
would undertake. To distinguish these 
valves in service, some sort of difference 
in design or marking might be estab- 
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lished by the manufacturer; or the work- 
ing valves might be muffled and the emer 
gency valves be of the ordinary open typ: 
or fitted with a lever. 

Large discharge capacity and high lit 
are not necessarily synonymous, but 
valve of small capacity can have its di 
charge increased by making the disk lif: 
higher. Any manufacturer can make an\ 
disk lift higher, and every manufactur: 
can make a valve of high lift if desire 
for there is no secret or invention in 
volved; but this is not the same as sa 
ing that every manufacturer can and wi 
supply what may be possible in this d 
rection. Some manufacturers have been 
through the experience of experimentii 
with freak valves, going to extremes i 
size dimensions and lift, and have di 
covered the rational objections to thei: 
use; and if called upon to furnish valves 
of such specifications would advise cus 
tomers why their use could not | 
recommended. It is conceivable that 
some manufacturers might, for their own 
reputation, refuse to put out under their 
trade mark or guarantee valves to mect 
peculiar specifications which they could 
not approve and which they knew would 
cause dissatisfaction to the user and dam- 
age to the maker. 

The ordinary practice in making valves 
for locomotives has been to design and 
regulate the valves so that they would 
cause the steam pressure to drop 5 pounds 
before closing, and the regulating ring 
or device would be set at the time of test- 
ing to accomplish this. The greatest diffi- 
culty valve makers meet today is not in 
the simple problem of mechanical design 
to build safety valves with large dis- 
charges or lifts, but in educating and per- 
suading operating engineers actually to 
utilize the valves to their intended normal 
capacity instead of resetting the regulat- 
ing adjustment so as to throttle the valve 
beyond reasonable limits, to prevent what 
they regard as waste of steam when the 
valve does open in performance of its 
proper function. It is not reasonable to 
expect a valve designed and regulated to 
lose 5 pounds in boiler pressure to per- 
form equally well when the regulating de 
vice is readjusted so that the pressure is 
allowed to drop only 1 or 2 pounds, as is 
the actual condition on many railroads to 
day. Engineers should not complain of 
lack of valve capacity as much as of their 
own blindness in throttling the valves they 
already have. That locomotive valves 
designed for 5 pounds loss do actually 
work so well and give such satisfaction 
without chattering or singing, when regu 
lated to lose only 1 or 2 pounds pressure, 
without change of spring or dimensions, 
is remarkable. But locomotive valves 
would operate much more satisfactoril) 
and give much more effective relief in 
volume with only 2 pounds drop of steam 
pressure if they were originally designe’ 
and regulated to accomplish this, instea'| 
of the 5 pounds drop nominally specified 
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and desired; and therefore the proposed 
emergency valve, to lose 15 pounds or 20 
pounds with extremely large volume of 
discharge, should have proportions of 
valve disk and springs different from the 
closely regulated working valves intended 
to lose only 2 pounds. Anything’ of this 
sort can be provided by any manufacturer 
who understands the principles of design, 
but complaint should not be made be- 
cause the manufacturer has designed a 
thing which serves its purpose admirably 
when properly used according to instruc- 
tions, but may develop unsatisfactory ac- 
tions when working conditions are de- 
liberately and unreasonably altered. 

However, the number and diameter 
sizes of safety valves have always been 
specified by the locomotive builders with- 
out consulting the valve makers in any 
way; and their practice has become arbi- 
trary, confident that they were well within 
safe limits. The locomotive builders also 
limit the over-all hight and diameter of 
the valves, so that valve makers have had 
little choice or responsibility in the whole 
matter. Apparently the safety valve has 
always been regarded as a minor detail of 
the equipment, whether for the boiler 
plant or locomotive, and hardly worth 
much consideration; they must go on as 
an afterthought, wherever they can be 
crowded in, in the limited space in the 
steam dome of the locomotive as already 
laid out, and to clear all overhead ob- 
structions; or in the cramped room that 
may be left by chance above stationary 
boilers when set in place. 

If a valve of given size does not dis- 
charge sufficient steam, in the judgment 
of engineers, to relieve the boiler of a 
certain design and rating, a larger valve 
should be applied, or two or more valves 
should be used instead of one. But if 
low initia! cost is to be attained by using 
only one valve or valves of proportions 
which involve much attention or regrind- 
ing or renewal to keep them in proper 
serviceable condition, or require the boil- 
ers to be shut down for frequent atten- 
tion, the advantages of low first cost are 
more than counterbalanced and the valves 
become a source of danger and annoyance 
instead of a feature of security and pro- 
tection. 

The term “simmering” valve might in- 
accurately convey to some the idea of one 
which opens at a variable pressure, some- 
times a little higher or lower, and is not 
held positively to its seat, so that it may 
allow a constant small leak or mist of 
steam to escape. Such valves are an un- 
alloyed nuisance and disappointment; the 
steam clouds the vision ahead, the con- 
stant small leak robs the steam pressure 
at critical times and cuts the seat, no mat- 
ter of what material, and the slow con- 
densation deposits lime salts from bad 
water over the threads and inner faces of 
the valve so that the testing and adjust- 
ment make the repairman’s life a bur- 
den. A slight “warning” like the hissing 
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of a teakettle, more of sound than of 
visible steam, is a desirable feature, and 
will generally be noticed in valves prop- 
erly set; except where the adjustment 
has been changed to reduce the pressure 
drop and make the valve lose too little. 
The throttling of the adjustment is fur- 
thermore generally the cause of howling 
or singing sometimes complained of, and 
can be instantly cured by putting the ad- 
justment back to allow the 4 or 5 pounds 
drop in boiler pressure intended by the 
valve maker; the same cure could be 
effected by making the valve with slightly 
different disk proportions, if this close 
adjustment had been thought proper or 
specified. 

The inlet or throat diameter of all 
valves is many times greater than the 
effective discharge area, so that point is 
not important to discuss. The valves 
should in all cases be connected directly 
to the boiler, without intervening bends 
or piping; otherwise, relief of the boiler 
is not immediate and uniform, but an 
eruptive destructive hammer in the boiler 
will result. The essential characteristics 
of any proper muffling device is to afford 
ample volume for the increasing expan- 
sion of the escaping steam, with rapidly 
enlarging outlet passages, thus effectually 
muffling the noise without any appreciable 
back pressure, such as would be caused 
by series of baffle plates or deflectors. 





Dry Niagara 





By JAmEs J. JENKINS 


The third week of February brought a 
most unusual experience to the power in- 
terests of Niagara Falls, while the scenic 
interests passed from the customary ela- 
tion over the plunging torrent to amaze- 
ment and awe over the passing, tempo- 
rarily, of the grandeur and glory of the 
falling water. The change was marvel- 
ous, and all who viewed it will remember 
the spectacle as being memorable. To the 
power interests, new lessons were taught, 
and the few days that the customary 
quantity of water was not falling in its 
chaotic glee will be remembered by some 
of them, possibly, as a brief period of ex- 
perience and instruction which only can 
be gained by being on the job at such a 
time. 

During the latter part of the second 
week of the month the wind switched 
around to the east. A wind from this 
quarter has the effect of blowing the 
water up Lake Erie, so that the overflow 
to the entrance to the Niagara-river chan- 
nel at Buffalo is greatly lessened. It was 
so much so in this case that by Sunday 
the overflow of the lake into the river 
channel was much reduced. Vast floes of 
ice were in the river, and as the water 
in the channels was lowered, particularly 
close to the falls, the ice found many 
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lodging places on bars and reefs, where 
it served as a dam to divert the water 
almost wholly from the American chan- 
nel. Those familiar with the conditions 
at Niagara will recall how beautiful Goat 
island nestles in midstream at the edge 
of the precipice, dividing the American 
and its fall from the 
greater downpour known as the Horse- 
shoe or Canadian fall. Between the New 
York mainland and Goat island lies the 
American channel. The width at the 
brink is about 1000 feet, but upstream it 
widens somewhat, and when the grand 
river is under full vigor the ocean of 
water that rushes in fury down this chan- 
nel has for all time been the admiration 
of residents and visitors. The drop in the 
river bed from the head of Goat island to 
the brink is very severe, and it has long 
been recognized that human beings could 
not successfully battle with such an on- 
rush of water. 

Still, on the occasion referred to hun- 
dreds, possibly thousands, of people 
wended their way here and there over the 
ice and rocks as though in defiance of 
the imprisoned force they knew to be be- 
hind the held-back waters. Instead of 
having become a desolate victim of capi- 
tal engaged in creditable power develop- 
ment for the assistance of industry and 
the enrichment of the world, the beauty, 
the sublimity, the grandeur of Niagara 
were taken away by the elements. It was 
made plain that a little wind, a little frost, 
could easily do much more in a short time 
to ruin the scenic spectacle of the world’s 
greatest waterfall than ambitious man, 
even though anxious to benefit the uni- 
verse, could accomplish in years of toil 
and by the expenditure of millions of 
dollars. 

In the spectacle created there were 
exemplified the fears of those crank-verg- 
ing people who anticipate Niagara’s pass- 
ing. Momentarily, their predictions had 
come true, but no matter what the power 
development at Niagara may become no 
engineer could ever hope to live to see an 
industrial progress that would make 
necessary such a destruction of even one 
of the waterfalls of Niagara. It was the 
lamented Lord Kelvin who, when at 
Niagara in 1898, stated that he wished he 
could live to see the day when all the 
water pouring down from Lake Erie 
would pass through turbines for the 
benefit of mankind. When Lord Kelvin 
spoke those words, the present generation 
living at Niagara had never viewed the 
American channel in such dryness. as 
existed on February 14, 15 and 16 last. 

History informed them that on March 
29, 1848, Niagara ran dry, “but the exact 
extent of the dryness can only be sur- 
mised from meager records.” It is proba- 


associated minor 


ble, however, that a strange spectacle 
existed at Niagara on that day. Again, 
on March 22, 1903, the people in the 


vicinity of the falls were astonished by 
remarkable conditions, and in 1905 a dry- 
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ness prevailed, but careful comparison of 
photographs taken in 1903, 1905 and this 
year indicates that there was little differ- 
ence in the conditions of the American 
channel in 1903 and 1909. This year the 
ice was heavier; there was seemingly 
more of it. Snowfalls assisted to cover 
up the rocky bed of the stream, leaving 
more of a plain-like whiteness, bleak in 
its appearance and impressions. 
Crossings were made from Prospect 
park to Luna island a short distance back 
from the brink of the American fall, and 
others crossed the channel above Goat- 
island bridge. Still other bold adven- 
turers made their way from the head of 
Goat island over the ice to Port Day, 
where the Niagara Falls Hydraulic Power 
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in the forebay. This result made clear 
the advisability of placing the mouthpiece 
of penstocks well down toward the bot- 
tom if they are not to draw air at such 
times. The new forebay over station No. 
3 was designed by Chief Engineer John 
L. Harper with this possibility in view, 
and its penstocks were well supplied with 
water. The Cliff paper mill and the Petti- 
bone paper mill, both on the canal basin, 
had a day or two of idleness. 

All of the power companies on the 
Canadian side experienced more or less 
difficulty, and yet it is reported that one 
day during the second week in February 
the water on that side was lower than 
during the period of greatest trouble on 
the New York side. After the American 
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The severity of the experience has been 
very instructive to engineers, and it may 
be of benefit to the Niagara as well as 
other power installations. Above all, 
however, credit must be given for the 
manner in which the great power com- 
panies met the conditions that practically 
settled down on them in a night. It will 
be recognized as a stupendous task to 
continue the development of power in 
such quantities as at Niagara, when so 
much of the available water as that repre- 
sented by the normal flow of the Ameri- 
can channel is diverted to other routes. 





For busbars and back connections in 
switchboards, aluminum is frequently ad- 





and Manufacturing Company receives its 
water supply. These were most unusual 
trips, and their possibility should indicate 
the remarkable conditions that existed in 
the ‘Niagara river in front of the intakes 
of all the power companies on both sides 
of the. river, for the effects felt 
by all. 

Under normal conditions the inlet canal 
of the Niagara Falls Power Company 
carried 12 feet of water, but during the 
“low period” this was reduced from 4% 
to 5 feet, it is understood. The full load 
of current was not kept up, and some of 
the plants on the power company’s land 
were shut down for a brief period. The 
water in the surface canal of the Niagara 
Falls Hydraulic Power and Manufactur- 
ing Company was lowered about 8 feet 


were 
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channel was closed as an outlet for the 
water of the upper river, the flow of 
the stream was diverted to the Canadian 
channel, but this did not give the Cana- 
dian companies all the water wanted. 
Dynamite was used on both sides, and 
after the river started to resume _ busi- 
ness route channels were opened to as- 
sure a full flow of water. 

During the night of Tuesday, February 
16, the wind changed and early on Wed- 
nesday morning it was evident that Lake 
Erie had resumed its effort to provide a 
suitable overflow to redeem the reputa- 
tion of the Niagara cataracts. Through- 
out Wednesday, Thursday and Friday the 
recuperative effort continued, but normal 
conditions had not been attained as the 
week closed. , 


vantageous, the saving in weight allowing 
of lighter supports and framework. Tor 
the front of switchboards aluminum is 
also suitable for bolts, lampholders, in- 
strument cases, 
methods of jointing aluminum 
ductors. For small-diameter wires, as 
used for making into cable, the 
butt-welded joint is made either in the 
flame of a blowlamp or by means of the 
electric welders as used for copper. For 
bare stranded cables the two ends 
welded together by pouring molten alumi- 
num into a cigar-shaped mold previously 
clamped round the joint, but where high 
tensile strength is required a mechanical 
joint may be used, so designed as to give 
a wedging action when pulling tight in 
order to insure good electrical contact. 


etc. There are several 


con- 


usual 


are 
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Some Useful Lessons of Limewater 


What Would Happen if Nitrogen Were Removed from the Air; How to 
Prepare Pure Oxygen; Things to Remember; Making Iron Wire Bum 





BY CHARLES 


We have seen that there are two prin- 
cipal things in the air, as far as burn- 
ing is concerned: QOne,. oxygen, which 
helps ordinary burning—and: which..makes 
up about one-fifth by volume: ef; the air— 
and the other, nitrogen, which does not 
help common burning, although it makes 
up nearly all of the other four-fifths of 
the air and, as far as combustion is con- 
cerned, is only “so many the 
porridge.” 


chips in 


The two-sided question has been pro- 
posed: What would happen if the nitro- 
gen were to be taken out of the air, leav- 
ing only the oxygen, or what would hap- 
pen if the nitrogen were to be taken out 
of the air and its place supplied by 
In the first case, where the 
nitrogen is simply taken out, there would 
be no difference, as far as common burn- 
ing is concerned, but there would be a 
great difference in the atmospheric pres- 
One would see burning go on about 
the same as it does at present, because 


oxygen? 


sure. 
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out any other gas taking its place, the dif- 
ference would be simply a difference of 
pressure of the air as a whole, and as 
that air would practically be made up of 
oxygen; the supporting of burning by the 
only thing in the air that helps burning, 
oxygen, would be changed very little if 
at all. We cannot easily construct such 
conditions, because it would require a 
set of large and powerful apparatus to 
sustain the greatly diminished air pres- 
sure; but we can easily imitate the condi- 
tions of the other side of the question, 
namely, the case where the nitrogen is re- 
moved and its place taken by oxygen; 
and you will find that you will have an 
air which is practically made up of oxygen 
at the same total pressure as that supplied 
by both the oxygen and the _ nitrogen 
which make up common air. This ex- 
periment we will proceed to prepare, by 
making a few jars of practically pure 
oxygen, and as we will collect it in a jar 
which is closed under the pressure bal- 








FIG. I 


although the air pressure would be only 
about one-fifth of what it is now all of 
that pressure would be in terms of 
oxygen, which would then make it prac- 
tically all of the air, so that a flame would 
get the same quantity of oxygen that it 
does now. But a man would be under 
much less air pressure than he is now and 
would be, physically, in the same condi- 
tion that he would experience if he were 
to ascend many thousands of feet above 
the level. He would suffer from 
bleeding at the nose, at the same time that 
his lungs would be taking in the same 
quantity of oxygen as at present. There 
would be no difference, practically, in the 
oxygen; but the loss of the four-fifths 
Pressure now supplied by the nitrogen 
would make a great physical difference. 

You want to think this all over, and 
you will see that each gas exerts its own 
Pressure independently of any other gas; 
and if the nitrogen were taken away with- 


sea 


FIG. 2 


ance of the air acting on water, we will 
have the conditions of the second case of 
the question. 


THe PRELIMINARY WorK 


As we get ready for this experiment, 
we will study some of the new condi- 
tions of your wash-dish pneumatic trough. 
You will take your fruit jar and fill it 
with water; also have the wash dish about 
half full of water, as shown in Fig. Tf. 
Take a piece of common cardboard, about 
4 inches square and, holding it over the 
mouth of the jar, slide it on so that no 
bubbles of air get below the cardboard 
into the jar. It will take one or two 
attempts to do this, but you will soon 
learn the trick. One good way is to pour 
water into the full jar as you are sliding 
the cardboard cover over the mouth of 
the jar. As soon as you have mastered 
this “stunt,” hold the cover tightly on the 
mouth of the jar, and with the other hand 
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grasping the jar at the side or end turn 
it upside down—all the time holding the 
cardboard cover on tightly so that no air 
bubbles can. get into the jar—and place 
the jar, mouth downward, in the wash 
dish, as shown in Fig. 2. This will take 
several trials, but you will learn 
to do it successfully. What is wanted is 
to fill the jar with water, cover it with 
the pasteboard and invert it in the wash 
dish, mouth downward, without letting 
any bubbles of air get into the inverted 
jar. Of course, if one or two little bub- 
bles of air get to the jar while turning 
it, it will make no serious difference; but 
do not let more than a /ittle air get into 
the jar, because you are going to fill this 
jar with oxygen, and if there is very much 
air left in the jar it will dilute the oxygen 
just so much. 


soon 


Just to practice “displacing” the water 
in the jar by a gas, take a tube of glass 
or rubber and blow through it, placing 
the farther end of the tube in the water 
in the wash dish and under the mouth of 
the jar. You will note that as the air 
from your lungs rises into the jar, which 
is at first full of water, the jar catches the 
air blown in and at the same time re- 
the volume of water; and 
now you will begin to respect this old 
but ingenious the pneumatic 
trough. You will see the elegance and 
simplicity of the scheme for isolating a 
separate part of any desired gas by the 
simple trick of leading a gas below: the 
mouth of a full and inverted jar. 

In the the pneumatic 
trough, of course, there is some absorp- 
tion of the gas in question by the water, 
and that itself will suggest to you that 
it would be a refinement and an improve- 
ment if we could get some liquid like 
mercury which absorbs gases very little. 
It is not necessary to use such expensive 
and awkward liquids as mercury for com- 
mon qualitative experiments such as we 
are trying in our common-sense home- 
made apparatus, although it is a satisfac- 
tion to know that there are other and 
more exact methods, and to know what 
they are. But we will stick to water, and 
we will find that it will give us results 
not to be despised. 

So you will blow bubbles of air from 
the lungs into the full and inverted jar, . 
until the jar is full of air and some of 
the bubbles “underflow” from the mouth, 
of the jar, which is kept locked by. the- 
water seal, from the air outside. In, this; 


leases same 


device of 


case of water 
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way you will soon get hold of some of the 
possibilities of this pneumatic trough in 
its power to receive, to hold and to iso- 
late or separate a quantity of any de- 
sired gas, as the air from the lungs or 
the oxygen which you will now get ready 
to make. Be sure to try this filling and 
inverting of the full jar in the wash dish, 
and the blowing of air into it, until you 
become perfectly familiar with the princi- 
ples and purposes of this simple but use- 
ful apparatus; for we shall find that much 
of the foundation of chemistry has to do 
with gases, and it is a trick not to be de- 
spised to know how to take a portion of 
a slippery thing like air, or any gas, and 
handle it as though it were a solid which 
an be taken hold of and locked up tem- 
porarily. But this pneumatic trough is 
only the receptacle or storehouse of the 
gas, pure oxygen, which we want to get; 
and the next thing to attempt is the plan- 
ning of a simple piece of apparatus for 
preparing some of this oxygen. 


PREPARING THE OXYGEN 


The first thing to do now is to take 
one of the 4-ounce flasks which came 
with your outfit and fit it with a perfor- 
ated cork, with a glass-tube outlet, or 
leader, a rubber conducting tube and a 
glass delivery tube, as shown in Fig. 3. 
Get a good cork which fits the flask 
snugly, roll it under your foot on a clean 
floor until the cork is soft and springy, 
and try it again in the neck of the 4-ounce 
flask. Next, bore a hole through the cork, 
lengthwise, a little smaller than the glass 
tube which came with your outfit. You 
can cut this hole in the cork with the 
small blade of your jackknife, which 
leaves the hole rough; then carefully trim 
out the hole with the round or “rat-tail” 
file. With a little care you can trim this 
hole through the cork so that it will ex- 
actly take in the glass tube, the edges of 
which should be rounded in a hot flame, 
or it may be filed off. Be sure and do 
this, for if you do not get a smooth and 
tight fit for the glass tube through the 
cork your apparatus will leak, and you 
won't think that chemistry is worth your 
while, a disappointment which can be 
avoided by exercising a little care. 

The piece of glass tubing, or leader, 
which passes through the cork must reach 
only just through the cork, extending not 
very far into the inside of the body of the 
flask, and this tube should be bent at right 
angles, with the two arms each 2 or 3 
inches long from the bend. In case you 
have to bend the glass tube yourself, don’t 
try to bend it in a round gas flame, but 
in a wide, flat gas flame, as shown in 
Fig. 4; then the tube will bend with a 
good even curve, without buckling. The 
old-fashioned “fish-tail” burner will be 
just the thing for your purpose. Also, 
as you heat the glass tubing preparatory 
to bending, turn the tube around in the 
flame, giving it time to get well heated 
before tryirig to bend it. As soon as it 
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is hot enough, a gentle pressure will bend 
it at the heated portion so that you can 
easily get the two arms turned at right 
angles to each other as shown in the cut. 
Before cooling, let the heated part become 


covered with soot in the flame, to anneal - 


it by slow cooling. The tube can be 
cleaned when cool. 

The delivery tube also has to be bent, 
not at right angles, but at an angle 
of about 120 degrees (“finger bend”), as 
shown in Fig. 3. The short arm needs 
to be only some 2 or 3 inches long, leav- 
ing most of the tube as a “poking” tube, 
to be thrust down into the water. You 
will, of course, connect the leader tube 
and the delivery tube with a bit of rub- 
ber tubing. 

You have just tried the trick of filling 
the inverted jar in the pneumatic trough 
with air from the lungs, and. before you 
make oxygen drive some air from the 
flask over into the jar, by heating the dry, 
clean, empty flask over the flame of an 
alcohol or gas lamp. As you heat the 
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empty flask, considerable air will pass 
through the leader tube, the rubber con- 
nector and the delivery tube, down under 
the water and up into the jar in the pneu- 
matic trough; and in this way you can 
see how the oxygen, which you will soon 
make in the flask, will pass over to the 
water-filled jar in the pneumatic trough. 
But you cannot get very much air over 
in this way, only enough to show that 
heated air expands, and that this air can 
be put into the jar in the pneumatic 
trough by displacing the water from the 
water-filled jar; for just the same volume 
of water will escape from the jar for each 
bubble of air driven over from the dry 
and heated flask. 


Some THINGS TO REMEMBER 


Remember this: You must always re- 
move the delivery tube from the water 
before you take the heat away from 
the flask, or before you take the flask 
away from the lamp. The reason is 
that the closed and heated flask is 


really a very sensitive air thermometer, 
and as soon as the heated air in the in- 
side of the dry flask has been cooled the 
water in the trough will rush up back 
through the delivery tube into the hot 
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flask and crack and break it. Remember, 
then, not to allow any water to be sucke: 
back into .your dry flask, by cooling it 
unless you have first taken the deliver: 
tube out of the water before you cool oi 
the dry and partly empty flask. 

All this will set you to thinking abou 
some of the laws of heat which you kno) 
perfectly well, but which you may nev 
have had put up to you before in ju 
this way. You will see that heat ex 
pands all substances, and gases more tha: 
liquids or solids. If you get a consider: 
ble expansion of the air in the oxygei 
making flask when it is empty, natural! 
you will get this same expansion when 
the flask contains some of the “oxygen 
mixture” which you will put into it in 
this lesson or the next. You can sce 
that all this preliminary explanation is 
to show you how to throw away the first 
air that will come over, before the real 
oxygen comes; for the air is much more 
sensitive to heat than is the “oxygen 
mixture,” and you do not need to save 
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FIG. 3 


the first bubbles which come over when 
you make oxygen, because that is only 
common air from expansion and w’!l only 
dilute your oxygen just so much. 

Now, if you will look over the outtit 
which you procured, as recommended in 
the first lesson, you will note the potas- 
sium chlorate and the black oxide of 
manganese. The white salt, potassium 
chlorate, is the stuff which is going to 
give you pure oxygen; and yet it is best 
to mix it with some of the black oxide of 
manganese, because if you heat the white 
potassium chlorate alone the oxygen will 
come off rather too rapidly for perfect 
safety; while if mixed with some of the 
black oxide of manganese, the oxygen 
will come off quickly enough, and much 
more evenly and quietly. The reason for 
all this is not entirely understood, and the 
explanation therefor would take us too 
far away from the point; but the fact is 
that a mixture of one part of black oxide 
of manganese with three or four parts °f 
potassium chlorate will give up oxygen ‘1 
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jean and satisfactory manner. By the 
wy, the black oxide of manganese will 
itself give off some oxygen, if heated to 
a red heat; but you will not get that 
probably in this experiment; and so that 
side of it does not immediately concern 
us, because you will not heat your flask 
nearly as hot as to a bright red heat. 

There is another matter to which you 
want to give a moment’s attention, and 
that is the advisability of testing the mix- 
ture of the potassium chlorate and black 
oxide of manganese—with all due apolo- 
gies to the excellent and reliable agents 
from whom you may have bought your 
The point is this: There are 
many black things in the world, and even 
if there is no desire to adulterate your 
goods, “accidents will happen in the best 
of families.” So just take a “knifepoint- 
ful” or two of the white potassium chlo- 
rate and another knifepointful of the 
black oxide of manganese, both well 
powdered and well mixed, and heat them 
hot in a common iron spoon, watching 
carefully to see what happens. If there 


supplies. 
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or four times, you can be sure that your 
flask is clean and dry, for you will soon 
learn to taste the characteristic “dry feel” 
of the hot air sucked through the well- 
cleaned flask. All this trouble is worth 
while, because you will soon learn that 
it is just as easy to make things go right 
the first time as later; and it pays, in ex- 
perimenting, to take pains. 


MAKING Iron WIRE BuRN IN OXYGEN 


Another matter: You are going to 
make some pure oxygen, and it will illus- 
trate what would happen if the nitrogen 
of the air were removed and its place 
were taken by oxygen. You can see that 
if one-fifth of the air, at 30 inches pres- 
sure of the barometer, helps common 
burning, this new kind of air, which is 
also at 30 inches pressure, of the barom- 
eter, will do something in the way of 
burning which will be worth watching; 
and you know that the oxygen to be col- 
lected in the jar is at 30 inches of 
barometric pressure (instead of one-fifth 
of this) because it is balanced, through 
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is merely a slight fusing or hissing, with 
perhaps a bit of a glowing spark or two, 
but with no Fourth-of-July fireworks, 
then you have the real thing, a safe mix- 
ture; but if there should be any noticea- 
ble flashing up of flame as you heat the 
spoonful of mixture, throw the black 
oxide of manganese away and get a new 
supply—your dealer will cheerfully make 
good; although there is not one chance 
in a thousand that you will find anything 
wrong with the black oxide. The reason 
for all this caution is that such things as 
carbon, soot, coal dust and the like are 
common, and once or twice I have found 
that no time was wasted in taking pains 
to be sure that one has a safe mixture. 

Before you put the mixture in the flask, 
be sure that the flask is clean and dry. 
Wash it out with good soapsuds, with a 
few bits of scrubbing paper, as described 
in the first lesson. Then rinse it out well, 
Waving it violently in a wide swing, 
mouth away from you, to throw the few 
clinging drops out by “centrifugal force.” 
Then set the nearly dry bottle up in some 
safe and warm place, and when the flask 
is dry and hot, if you put the glass tube 
into the flask and suck the air out three 
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the water seal, by the outside air. So 
you will get some long, clean shavings 
or splinters of common, white-pine wood, 
for tapers to test the burning. You will 
also get some matches, two or three, 
wired together with fine and stiff iron 
wire. Also some other things, such as 
well-burning wax lumps wired with han- 
dles 8 or 10 inches long. Also—and do 
this with great care—take a bit of com- 
mon picture cord made up of several 
strands of fine wire, say a piece 10 inches 
long, and prepare it as follows: Heat the 
end red hot for a moment, and plunge 
it into some powdered sulphur, or flour of 
sulphur. Then, while the adhering sul- 
phur is still hot and soft, wrap about it 
a little wisp of cotton, or common waste. 
You see, you are going to light the cot- 
ton; that will light the sulphur; that, in 
turn, will light the fine wire strands in 
the picture cord, and the iron cord itself 
will burn in the oxygen as well as—well, 
you will be surprised to see how easily 
iron will burn in pure oxygen. They used 
to use softened watch springs—softened 
by taking the temper out—instead of pic- 
ture cord, but the iron picture cord burns 
about as brightly as the watch spring, and 
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lights much more easily. But it will be 
a good thing to try the watch spring, and 
don’t be disappointed if it doesn’t work 
at first. 

Remember what we said about there 
being no monopoly on brains, and that 
Mother Nature is down in your boiler 
room just as really as she is in any of 
the finest laboratories in the greatest col- 
leges of the world. If you can think of 
any other things that will burn, just get 
them ready for an extra jar or two of the 
oxygen; for if you do this carefully, you 
will get results that you will remember 
as long as you live, results that will put 
new ideas into your head and new dol- 
lars into your pocket. 

There is one other thing to do, and 
that is to read all this chapter right over 
again and again, until you see just what 
you want to do and how you are going 
to do it, in this really good experiment 
of making oxygen, an experiment that 
will put you in shape to begin reading the 
marvelous history of chemistry. As you 
note the names of Scheele (pronounced 
“Shaly”), Priestley and Lavoisier (pro- 
nounced Lav-wah-see-a), you will find 
that you have stepped right up and intro- 
duced that good man under your hat into 
some of the best company that ever ad- 
vanced scientific discovery. You will note 
that you are doing all this in the com- 
pany of that old barrel of lime, right 
down in your boiler room. 
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Noisy DireEcT-CURRENT Motors 


973. What usually causes noisy opera- 
tion by direct-current motors? 


Mechanical defects. 


974. What is the cause of a rattling 
noise, and what should be done to stop it? 

A rattling noise is usually caused by 
parts which have become loose, owing to 
the loosening of screws or nuts. Guided 
by the loudness of the noise, a thorough 
inspection should be made of the binding 
posts, bearings, and other parts of the 
machine in which screws and nuts con- 
stitute an important feature. If 
parts are producing the noise they are 
and vibrating; consequently, by 
feeling around them while the machine 
is in operation it is easy to judge of their 
responsibility for the trouble. On the 
other hand, if the machine is not run- 
ning, the shaking of questionable parts 
will provide the desired information. 

If the noise is in the bearings it is 
generally due to looseness of the arma- 
ture shaft in the bearings caused by the 
wearing of the latter. The remedy, of 
course, is to refit the defective bearing or ° 
bearings. If the noise is caused by loose 
nuts or screws, the remedy consists 
merely in tightening them thoroughly. 


975. If the noise is accompanied by 


such 


loose 
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very noticeable vibrations, where is the 
trouble likely to be? 


If the vibrations are generally dis- 
tributed over the entire machine and in- 
crease in intensity with the speed of the 
armature, the noise is likely to be caused 
by a poorly balanced pulley or armature. 


976. How should a pulley or armature 
be tested and remedied for an unbalanced 
condition? 

Remove the pulley and armature from 
the machine and test them separately. 
The armature can best be tested -by plac- 
ing it so that its shaft is supported at the 
ends upon two knife edges a and c, Fig. 
284, placed flat and parallel to each other. 
Then, if the armature is poorly balanced, 
the heavy side will cause rotation except 
when this side happens to be downward. 
By setting the armature at rest on the 
knife edges with different points around 
its periphery placed upward the weighty 
side may be easily ascertained. The trou- 
ble may be remedied either by firmly fast- 
ening some lead on the lighter side, or by 
filing or boring holes in the heavy side. 

A shaft should then be provided tem- 
porarily for the pulley in order that it, 
too, may be tested; if necessary, it may 
be balanced in the same manner as de- 
scribed for the armature. 


977. State how noise produced by the 
pulley, belt or shaft collar striking against 
the bearings of the machine can be easily 
detected. 

By pushing the shaft or belt away from 
the one or other of the bearings while the 
motor is running and noting if the noise 
ceases. 


078. How may noise produced as men- 
tioned in 977 be stopped? 

The trouble may usually be overcome 
by changing slightly the direction of 
travel of the belt. However, if this 
change does not improve matters, shifting 
the pulley on the shaft or turning off the 
shoulder of the bearing, as the case may 
be, will probably effect the desired result. 


979. What kind of noise is made by 
the pounding of the jointed portion of a 
belt against the pulley? 

The loud thump which occurs but once 
during each revolution of the armature. 


g80. Does not the armature when 
striking against the pole faces make a 
similar noise? 

Yes, but it is less of a thump and more 
of a scraping character. 


081. How should a trouble of the 
nature mentioned in 980 be investigated? 

Usually, an examination of the arma- 
ture surface will determine if it has been 
striking the pole faces. Great care should 
be taken to make this examination thor- 
ough, for the danger of damage ta the 
armature when it comes in contact with 
the pole faces is very great. Another, and 
perhaps a better, test consists in remov- 
ing the belt or power connection from 
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the armature shaft, and while slowly 
turning the armature by hand, observing 
whether or not it sticks at any point. 

982. How should a trouble of 
nature mentioned in 980 be remedied? 

If the trouble is caused by one side 
of the armature winding projecting ab- 
normally, it may be remedied by binding 
down the bulging part with a wrapping 
of iron wire which should extend around 
the armature body but be well insulated 
from it at all points. If the armature is 
out of center, it may be possible to ad- 
just the bearings so there is a uniform 
clearance between the armature surface 
and each of the pole faces. Sometimes 
the trouble lies in one or more of the 
pole faces projecting abnormally; in this 
case it will be necessary to file out the 
projecting portions. 

983. What is indicated by a hissing 
sound produced at the brushes? 

Either a dry or sticky commutator, or 
rough contact surfaces on the carbon 
brushes. By listening near the commu- 
tator, it is easy to ascertain if there is 
trouble from these sources or if the defect 
CO 
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FIG, 284. METHOD OF TESTING AN ARMATURE 
FOR AN UNBALANCED CONDITION 


lies in the brushes instead of the com- 
mutator. 

084. If the brushes are making the 
noise, how may the noisy ones be de- 
tected? 

By raising one brush at a time while 
the machine is in operation, and noting 
if the noise ceases. This test, however, 
can be applied only to motors having 
more than one brush on a stud, as other- 
wise the motor circuit would be opened 
by the raising of a brush and an arc 
would be formed that might endanger the 
experimenter and burn the commutator. 


985. Hew can brushes usually be made 
to operate noiselessly? 

Sandpapering their contact surfaces or 
applying oil to them at this part will 
generally reduce the noise. Sometimes 
it is merely necessary to raise or lower 
the noisy brush a trifle in its brush holder 
to stop the hissing sound. 

986. How should a noisy commutator 
be silenced? 

Recourse may be had to filing or sand- 
papering if the commutator is rough; or 
to the application of a minute amount 
of oil or vaseline if it is dry. In the case 
of a new machine having a noisy commu- 
tator, it is advisable to run it awhile un- 
loaded until both the brushes and the 
commutator become adjusted to each 
other and smooth. 
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Estimating the Horsepower of a 
Gas Engine 


By Cecit P. PooLe 


Knowing the kind of gas to be useil, 
the bore and stroke of the engine and t\ie 
number of revolutions per minute, it is a 
simple matter to estimate the probable 
horsepower at maximum load. by assu 
ing a mean effective pressure appropriaic 
to the gas quality and applying the «ld 
steam-engine formula, P L A N ~ 33,000, 
But a less tedious method is to base the 
estimate on the piston displacement, the 
quality of the mixture and an assumed 
heat economy for the engine. This 
latter assumption is not likely to be 
as far wrong as the assumption of mean 
effective pressure in the first method. 
Natural-gas engines will readily yield a 
brake horsepower on 10,700 B.t.u., pro- 
ducer-gas engines on 11,500 B.t.u. and 
illuminating-gas engines on 12,000 B.t.u. 
per hour. Natural-gas mixtures will 
average about 50 B.t.u. per cubic foot at 
the temperature existing when the inlet 
valve closes; producer-gas mixtures will 
average about 46 B.t.u., and illuminating- 
gas mixtures about 60 B.t.u. per 
foot. Since 178% Btu. per minute 
(10,700 per hour ~ 60) will yield one 
brake horsepower with natural gas and 
each cubic foot of mixture contains 50 
B.t.u., a natural-gas engine should yield 
50 + 178% = 0.28 brake horsepower per 
cubic foot of effective piston displacement 
per minute (by “effective” displacement 
is meant the displacement during power 
strokes only). Similar reasoning will 
produce the numbers 0.24 for producer 
gas and 0.3 for illuminating gas. 

The effective displacement per minute 
by a single-acting piston is equal to the 
displacement per stroke multiplied by one- 
half the number of revolutions per min- 
ute, working on the four-stroke 
For a double-acting engine the effective 
displacement per minute in each cylinder 
is equal to the displacement per stroke X 
revolutions per minute. These statements 
apply to hit-and-miss engines as well as 
the throttling type because at maximum 
load the governor does not cut out any 
explosions. 


cubic 


cycle. 


Computing piston displacement in cubic 
feet, however, is tedious, and as the dis- 
placement is proportional to the stroke 
multiplied by the square of the diameter 
in inches, it is simpler to change the con- 
stants 0.28, 0.24 and 0.3 to others which 
will cover the translation of piston (is- 
placement in cubic feet per minute to 
dX s xX r.p.m. This gives the constants 
in Table 1. The proper constant multi- 
plied by the square of the piston diameter, 
the stroke (both in inches) and the num- 
ber of revolutions per minute will give 2 
fair estimate of the maximum probable 
brake horsepower per cylinder. 





March 23, 1909. 


TABLE 1. 








| | 





| Single- Double- 
Kind of Gas. Acting Acting. 
| 
po) | 0.000065 0.00013 
Producer. ......... L 0.C00056 0.000112 
Illuminating...... | 0.000070 0.0014 








In double-acting engines the piston and 
tail rods considerably reduce the exposed 
piston area. The space neutralized by the 
rods ranges from 6 per cent. of the gross 
piston area in relatively small engines to 
about Io per cent. in large engines. 
The accompanying Table 2 gives values 


POWER AND THE ENGINEER. 


EXAMPLES 


1I—A natural-gas engine having three 
single-acting cylinders each 25 inches bore 
and 30 inches stroke developed, on test, 
550 brake horsepower at 150 revolu- 
tions per minute. The estimated power 
would be 


0.0406 X 30 X 150 X 3 = 548 


brake horsepower, or a trifle under the 
actual power. 

2—A natural-gas engine with three sin- 
gle-acting cylinders 13'%4x16 inches de- 
veloped 130 brake horsepower at 225 
revolutions per minute. The estimated 
power would be 





















































of the product of the constants in c.o118 K 16 KX 225 K 3 = 127.4 
TABLE 2) APPROXIMATE HORSEPOWER CONSTANTS. 
Constant X Stroke X Rev. per Min. = Probable Brake Horsepower per Cylinder. 
SINGLE-ACTING ENGINEs. | DOUBLE-ACTING ENGINES. 
| | 
Cylin. Natural Producer Illum'g Cylin. Natural Producer Illum’g 
Diam. Gas. Gas. | Gas. Diam. Gas. Gas. Gas. 
5 0.00162 0.00140 | 0.00175 10 0.0122 0.0105 0.0132 
54 0.00179 0.00154 | 0.00193 104 0.0135 0.0116 0.0145 
54 0.00197 0.00169 | 0.00212 ll 0.0148 0.0128 0.0159 
52 0.00215 0.00185 0.00232 114 0.0161 0.0139 0.0173 
6 0.00234 0.00202 0.00252 12 0.0175 0.0151 0.0189 
6} 0.00254 0.00219 0.00274 12 0.0191 0.0164 0.0206 
64 0.00275 0.00237 | 0.00296 13 0.0207 0.0178 0.0222 
6} 0.00297 0.00255 | 0.00319 134 0.0222 0.0191 0.0239 
7 0.00319 0.00274 0.00343 14 0.0239 0.0206 0.0257 
74 0.00342 0.00294 | 0.00368 144 0.0257 0.0222 0.0277 
7k 0.00366 0.00315 0.00394 15 0.0274 0.0236 0.0295 
72 0.00390 0.00336 0.00421 16 0.0313 0.0270 0.0337 
8 0.00416 0.00358 0.00448 17 0.035 0.0305 0.0381 
8} 0.00443 0.00381 0.00476 18 0.0395 0.0340 0.0425 
84 0.00470 0.00405 0.00506 19 0.0441 0.0380 0.0474 
8} 0.00498 0.00429 0.00536 20 0.0489 0.0421 0.0526 
9 0.00526 0.00454 0.00567 21 0.0538 0.0464 0.0579 
G4 0.00587 0.00505 Q. 00632 22 0.0597 0.0510 0.0637 
10 0.00650 0 .00560 0.00700 23 0.0646 0.0557 0.0696 
104 0.00717 0.00617 0.00772 24 0.0703 0.0606 0.0759 
1 0.00786 0.00678 0.00847 25 0.0763 0.0657 0.0827 
114 0.00860 0.00741 0.00926 26 0.0825 0.0711 0.0889 
12 0.00936 0, 00806 0.0101 27 0.0890 0.0767 0.0959 
12 0.0101 0.00875 0.0109 28 0.0958 0.0825 0.103 
13 0.0110 0.00946 0.0118 29 0.103 0.0885 0.111 
134 0.0118 0.0102 0.0127 30 0.110 0.0947 0.118 
14 0.0127 0.0110 0.0137 31 0.117 0.101 0.126 
144 0.0137 0.0118 0.0147 32 0.125 0.108 0.135 
15 0.0146 0.0126 0.0157 33 0.133 0.115 0.143 
16 0.0166 0.0143 0.0179 34 0.142 0.122 0.152 
17 0.0188 0.0162 0.0202 35 0.149 0.129 0.161 
18 0.0210 0.0181 0.0227 36 0.158 0.137 0.171 
19 0.0234 0.0202 0.0252 37 0.168 0.144 0.180 
20 0.0260 0.0224 0.0280 38 0.177 0.152 0.190 
21 0.0287 0.0247 0.0309 39 0.186 0.160 0.200 
22 0.0315 0.0271 0.0339 } 40 0.195 0.168 0.210 
2¢ 0.0344 0.0296 0.0370 41 0.205 0.177 0.221 
24 0.0374 0.0323 0.0403 42 0.216 0.186 0.232 
25 0.0406 0.0350 0.0437 43 0.226 0.195 0.243 
26 0.0439 0.0379 0.0473 44 0.236 0.204 0.255 
27 0.0474 0.0408 0.0510 45 0.247 0.213 0. 266 
28 0.0510 0.0439 0.0549 46 0.258 0.223 0.278 
29 0.0547 0.0471 0.0589 | 47 0.270 0.233 0.291 
30 0.0585 0.0504 0.0630 48 0.282 0.243 0.304 
. 
Table 1 and the square of the pis- horsepower. This engine was rated at 


ton diameter for single-acting engines 
of 5 to 30 inches bore; for double- 
acting engines the product has been modi- 
tied by an allowance of 6 per cent. for the 
piston rods in all sizes. The higher effici- 
cney of larger sizes tends to compensate 
for the deficiency in piston-rod allowance. 
This may seem to be a highly academic 
refinement of a method designed to give 
only approximate results, but it gives a 
nearer approach to accuracy than would 
he obtained if the piston-rod space were 
ignored, and is therefore considered justi- 
fiable. If the reader prefers to disregard 
it, the constants for single-acting en- 
vines, multiplied by 2, will serve for dou- 


12 


le-acting engines, of course. 


125 horsepower, but tested to 130. 


3—A_ two-cylinder double-acting (tan- 
dem) natural-gas engine with cylinders 
18x22 inches, rated at 350 brake horse- 
power at 200 revolutions per minute, had 
to be driven at 210 revolutions to obtain 
the rated output. The estimated power at 
200. revolutions per minute would be 


0.0305 X 22 X 200 X 2 = 348 


horsepower; at 210 revolutions per min- 
ute it would figure out 365 horsepower. 
4—A tandem single-acting producer-gas 
engine, 25x30 inches, developed 320 brake 
horsepower at 149 revolutions per min- 
ute (rated at 300 horsepower and 150 
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revolutions per minute. The estimated 
brake horsepower would be 


0.035 X 30 XK 150 K 2 = 315. 


5—A twin tandem producer-gas engine 
with cylinders 44x60 inches is rated at 
4600 brake horsepower (maximum) at 94 
revolutions per minute. The estimated 
output would be 


0.204 X 60 X 04 X 4:'= 4602 
brake horsepower. 

6—A single-cylinder single-acting illu- 
minating-gas engine of 10 inches bore and 
16 inches stroke gave 24.9 brake horse- 
power at 212 revolutions per minute. The 
estimated output = 


16 X 212 X 0.007 = 23.75 
brake horsepower. 


7—A similar engine of 10 inches ‘bore 
and 17 inches stroke gave 25 brake horse- 
power at 190 revolutions per minute. The 
estimated output would be 


0.007 X 17 X 190 = 21.6 


brake horsepower. This. engine was 
rated at 200 revolutions per minute, but 
developed full power at 190 revolutions 
because of unusually rich gas (685 B.t.u. 
at 62 degrees Fahrenheit). At the rated 
speed the estimated output would be 23.8 
brake horsepower. 

Those familiar with the principles of 
gas-engine operation will recognize that 
the close agreement between some of the 
test results here cited and the results esti- 
mated are due to the fact that in those 
cases the engines just happened to be 
working under a combination of thermal 
conditions which gave constants very near 
to those on which the method is based. 
Thus, the engine cited in example No.1 
actually used over 11,000 B.t.u. per brake 
horsepower-hour, but the mixture was 
enough richer than the assumed value of 
50 B.t.u. per cubic foot to produce almost 
exactly the constant 0.000005 of Table 1. 
Again, the engine in example N 
rated at 10,000 B.t.u. per brake horse- 
power-hour, but its piston rods cover 
about 12 per cent. of the piston area and 
the heat value of the mixture required to 
give the rated output at the rated economy 
is lower than 46 B.t.u. 
ment between the rating and the estimated 
output was purely accidental and was un- 
suspected when the writer chose this en- 
gine for one of the examples. It is not to 
be expected that the method will, give 
close results in even the majority of 
cases, but it serves well in determining 
the “order of magnitude” of probable 
output—whether in the teens or the twen- 


a & is 


The close agree- 


ties, whether high up or low down in the 
hundreds, etc. 





Stevenson Association No. 44, N. A. 
S. E., will hold its annual outing and 
ames August 15 next at Semler’s park, 
Grant City, Staten Island, Nv Y. 
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POWER AND THE ENGINEER. 
Exhaust Steam 


Ask ten engineers which is the more 
economical, a condensing or a noncon- 
densing engine, an@ nine of them will tell 
you: “A condensing engine, of course ;” 
and patronize or pity you for having to 
ask. 

And yet in many cases, most cases we 
had almost said, the condensing engine is 
the more expensive to use, and money 
would be saved by replacing the con- 
denser with a back-pressure valve. This 
is true wherever there is use for the heat 
rejected. It costs less than four per cent. 
more in heat units to make a pound of 
steam at 150 pounds than to make it at 
atmospheric pressure. If there is use for 
heat at or about 212 degrees it is much 
cheaper to make the steam at the higher 
pressure and expand it in an engine down 
to that temperature. Of the 1191.2 heat 
units required to make a pound of steam 
at 150 pounds, an engine using 30 pounds 
of steam per hour per horsepower will 
take out only about 85, and the rest, with 
the exception of the trifling amount lost 
by radiation, passes out with the ex- 
haust. If any smaller number of heat 
units were voided with the steam they 
would accumulate in the cylinder and 
melt it down; if the exhaust took out 
more than the steam brought in (besides 
radiation and that converted into work), 
it would make a refrigerator out of the 
cylinder. Each pound of exhaust from 
such an engine, therefore, contains some 
1100 heat units which are available for 
heating and manufacturing processes re- 
quiring heat around 212 degrees. It would 
cost just about as much to make low- 
pressure steam especially for this purpose 
as it did to make the high-pressure steam, 
and the power has been had practically 
for nothing. 

There is no more efficient power-gener- 
ating proposition than a steam engine 
used as a reducing valve between a high- 
and a low-pressure system. 

This truth escaped general attention for 
a long while on account of the attempt to 
use exhaust steam just as dry high-pres- 
sure steam is used. It was characterized 
as “cold” and “sluggish” simply because 
the water was not taken out of it and 
sufficient cross-sectional area given to the 
conducting pipes to conduct the required 
weight at the large volume due to the low 
pressure. With the separators now availa- 
ble exhaust steam can be easily purged of 
all moisture in excess of the percentage 
allowable in “commercially dry” steam. 

Of course the amount of exhaust made 
must be in accord with the demand. It 
would not do to run a_ thousand-horse- 
power engine noncondensing for the sake 
of using up one-tenth of its exhaust and 
letting the rest go to waste. In the New 
England textile mills, where exhaust 
steam is used, even in the summer time, 
for manufacturing processes, engines are 
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often run one-half condensing, the ex- 
haust chest being divided so that one end 
can be exhausted to the condenser and 
the other to the back-pressure system. It 
is a common practice to take steam for 
such purposes from the receiver of a com- 
pound engine, and we know of one in- 
stance where the course of the steam 
through a compound engine was reversed, 
the larger cylinder being made the high- 
pressure; so much steam being taken out 
of the receiver that there was only enough, 
even in its expanded condition, to run 
the smaller cylinder. Successive heatings 
from the different stages of a steam tur- 
bine would bring the temperature of the 
feed nearly to that of the steam, fulfilling 
the compression condition of Carnot’s 
cycle. 

But whether the demand for exhaust 
steam warrants the running of the main 
engines noncondensing or not there is 
usually occasion for the use of all the ex- 
haust which the auxiliaries can make in 
heating feed water. Where this is the 
case it is wasteful and extravagant to 
run the auxiliaries from the main engine, 
electrically or otherwise, for the main en- 
gine, notwithstanding the smaller number 
of pounds of steam it uses per horse- 
power-hour, cannot compare in efficiency 
with the most extravagant steam pump 
credited with all of its exhaust. When 
the exhaust is used for heating feed wa- 
ter the water of condensation which it 
contains makes no difference, but can be 
mingled with the water being heated, as 
can also the rest of the exhaust condensed 
by such mingling. This not only saves the 
water which by its previous use has been 
freed from scaling materials, but the heat 
which would otherwise be carried away 
by that water. 





Centralized Auxiliary Control 


In the design of power plants of im- 
portance the modern tendency is toward 
the use of a system of auxiliary control 
from the switchboard. In addition to the 
remote control of oil switches in the main 
circuits, which has long been practised, 
it is now quite feasible to start and stop 
motors for all purposes from a central 
point. The old idea that a controlling 
switch must be located within a few feet 
of its motor has been modified by the pro- 
duction of remote-control motor starters, 
the master switches of which are grouped 
at a central point. It is only a question 
of a little more wire and a little more 
elaborate controller, the extra cost of 
which in most cases will be a small pric¢ 
to pay for the greater convenience 0! 
operating the various motors for pump 
service, valve operation, coal and ash 
handling, fan driving, air compression and 
the like, many of which may be located in 
places inconvenient of access. 

Additional switches on the switchboard 
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for the control of lighting circuits in the 
engine and boiler rooms, coal pockets, 
oil-storage room, pipe tunnels and of the 
motor circuits for the traveling crane con- 
stitute an added improvement which does 
not interfere in the least with the pro- 
visions of parallel switches or controlling 
apparatus located near the equipment they 
control, and in the light of the necessity 
for continuity of service this duplication 
of control in many instances would be 
well worth while. 





Condenser Speed and Vacuum 





In operating a compound condensing 
engine the condenser should receive the 
same intelligent attention that is given to 
the engine. Condensers are _ installed 
usually for the purpose of making the en- 
gine a more efficient means of converting 
the heat in the steam into useful work, 
and logically to fulfil their mission they 
should not only be efficient machines, but 
should also be. efficiently operated. Pipe 
joints between the condenser and the en- 
gine cylinder should be absolutely air- 
tight and the condenser should be run at 
the lowest possible speed which will main- 
tain the desired vacuum. 

While it is generally true that the 
higher the vacuum the better, it is not 
always so. If the engine is lightly loaded 
it is sometimes better to reduce the vac- 
uum by reducing the speed of the con- 
denser, if independently operated, or, if 
directly connected to the engine, by re- 
ducing the injection, allowing a little lon- 
ger cutoff in the cylinder and a higher 
temperature of the exhaust to give up 
heat to the feed water. 

But under most conditions the degree 
of vacuum should be regulated by the 
hight of the governor, that vacuum be- 
ing carried which will cause the governor 
to revolve in the highest possible plane. 
Under certain conditions of load and 
steam pressure the governor will be 
found to revolve in a higher plane with a 
vacuum of twenty-six inches than with a 
greater vacuum. It will be found that 
the receiver pressure, also, will have much 
to do with the hight of the governor, and 
by judicial experiment with both vacuum 
and receiver pressure, the relation of one 
to the other and of both to the governor 
hight, the best vacuum and the proper re- 
ceiver pressure for each condition of 
load may be found. 

Changing the receiver pressure will alter 
the distribution of the load between the 
cylinders. By reducing the receiver pres- 
sure more work is thrown on the high- 
pressure cylinder, while an increase in 
the vacuum will increase the work of the 
low-pressure cylinder, and it is probable 
that with a long cutoff in the low-pressure 
cylinder the highest possible position of the 
governor will be maintained with the high- 
est possible vacuum in the condenser. 
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Gas Equipment for a British 
Battleship? 





According to a brief press cablegram 
published recently in some of the New 
York dailies, the British government has 
made all the necessary arrangements for 
the construction of a fighting ship of the 
“Dreadnought” class to be equipped 
throughout with gas power. Efforts to 
get at whatever facts may have given rise 
to the despatch have thus far produced no 
results, nor have any supplementary cable- 
grams appeared to corroborate the first 
one or amplify the “information” which 
it purported to present. It is possible that 
a new series of experiments with larger 
equipment than that tested recently on the 
“Rattler” may form the basis of the 
cabled report: Certainly it does not seem 
probable that a government as conserva- 
tive as that of Great Britain would incur 
the great risk of flat failure involved in 
an attempt to construct a 40,000- or 50,000- 
horsepower producer-gas battleship with 
no precedent beyond the $o00-horsepower 
unit tried out in the “Rattler,” or the 1000- 
horsepower unit now in process of trial. 

When it is considered that the maxi- 
mum gas-engine output per cylinder thus 
far secured on land, under the most 
favorable conditions yet known, is less 
than 1500 horsepower, rumors as to the 
equipment of a battleship or other vessel 
with units which would need to develop 
at least that much power per cylinder, and 
probably more, take on the aspect of what 
the street gamin characterizes as “pipe” 
dreams. There is no doubt whatever that 
gas power in large units will be applied 
to marine work some day; there is, how- 
ever, doubt amounting to incredulity on 
our part that it will happen this year. 
There exists right now a most promising 
opportunity for someone to produce a 
satisfactory marine engine of 1000 horse- 
power for service on the Great Lakes of 
this country, but no builder has as yet 
accumulated the necessary nerve to make 
the attempt, although a perfectly re- 
sponsible business concern has signified 
its readiness to buy and pay for such an 
engine the moment it is built. 





The Art of Economical Steam 
Production 





Among the many factors that enter 
into the successful or unsuccessful opera- 
tion of the steam plant is not only the 
man in the chief engineer’s office, but also 
the man in front of the boiler. The plant 
niay be of the latest design, with every 
inch of radiating surface protected by the 
best of nonconducting covering, and an 
efficient and expensive economizer may 
be installed, and yet the good effects of 
all the refinements of modern practice 
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may be nullified by a fireman who does 
not understand economical steam-making. 

Economical steam production is an art 
to which altogether too little attention is 
given. If an intelligent fireman is found, 
he is not, as a rule, treated with the con- 
sideration to which his ability as a money- 
saver entitles him. Firemen, like poets, 
are born—not made—and when one is dis- 
covered who is intelligent and active, in- 
terested in his work and willing to do his 
best all of the time—one who knows how 
to get the most out of the coal under the 
conditions existing in the plant where he 
is employed, and does it every day—he 
should be encouraged, the merit of his 
work should be recognized in a substan- 
tial way. Such a man is not to be parted 
with lightly. His work appeals to the 
owner in a practical way with the elo- 
quence and logic of dollars and cents 
saved. The plea that his work makes for 
him should be recognized and every rea- 
sonable effort put forth to make him feel 
satisfied with his position, not with words 
alone, but with a part of what he saves 
and an improvement of the conditions un- 
der which he works. 

Firing, at the best, is work for strong 
men, but strength and intelligence are not 
incompatible and in the operation of 
steam boilers their association in the same 
man is an absolute necessity if good re- * 
sults are expected from the fuel burned. 

It is pleasant to note that from many 
different parts of the country it is learned 
that advanced ground is being taken by 
power-plant designers and owners, and 
that boiler rooms and the men who work 
in the plants are receiving more atten- 
tion than formerly. Sanitary and com- 
fortable, if not always pleasing, conditions 
obtain. Bath-, toilet-, dressing- and read- 
ing-room facilities are provided and em- 
ployees are at last beginning to see that 
they are regarded as of more importance 
in the operation of their plants than truck 
horses and mules. 





It has been estimated that the coal con- 
sumption of Great Britain is about 170,- 
000,000 tons per annum. Of this quantity 
71,000,000 tons is used in factories and 
mines, 13,000,000 on the railway systems, 
and 28,000,000 tons in the iron and steel 
industries. Take the consumption in fac- 
tories and mines as 60,000,000 for 
power purposes only; it has further been 
calculated that if instead of using the 
coal in boilers for driving steam engines 
the power required was taken in the. form 
of electricity, and coal used for driving 
steam turbines and gas engines coupled to 
generators, this consumption could be re- 
duced by at least 50 per cent. Estimating 
the price of the 30,000,000 tons saved per 
annum at 7s. 6d. per ton, this represents 
an annual saving of over £11,000,000. In 
addition to this the life of the British coal- 
field would be considerably prolonged— 
The Engineer. 


tons 
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Power Plant Machinery and Appliances 


Original 
No 


Descriptions 
Manufacturers 


of 


or 


Cuts 


Power 
Write-ups 


Devices 


Used 





Combination Indicating and Record- 
ing Units 


The illustration herewith presented 
shows the complete combination indicat- 
ing and recording units of the Bristol 
clectric pyrometer, manufactured by the 
Bristol Company, Waterbury, Conn., as 
wired up in actual operation. 

The recording instruments with the 
necessary switches and checking system 
can be mounted in protected cases, either 


MUST BE NEW OR 





being made to the fire end by flexible 


leads. It makes continuous records auto- 
matically of the same temperature shown 
by the indicating instrument. The record 
charts are intended to give the superin- 
tendent full information and serve as a 
check on the men. 





“American” Semi-plug Piston Valv2 


This valve is called “semi-plug” because 
while it is without steam it is a snap-ring 
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COMBINATION 


separately or as shown in the illustration. 
Each be made to 
suit the particular application for which 


combination unit can 


the pyrometer outfit is to be used. By 
this arrangement the recording instru- 
ment can be installed in the superin- 


tendent’s office, or any convenient place. 
Their purpose is for all commercial 
ranges of high temperature, and they are 
especially recommended for annealing and 
case-hardening furnaces, water-gas ma- 
chines, blast furnaces, galvanizing plants, 
gas producers and open-hearth furnaces. 

The indicating instrument of this ccm- 
bination unit is for the use of the opera- 
tor while at his post of duty. The in- 
strument is in a case so it can be located 
at the most convenient point for the at- 
tendant. The open scale makes it easy 
for the fireman or operator to read the 
furnace temperature at a glance. 

The recording instrument of the unit 
is for the benefit of the superintendent or 
manager in his office. This instrument 
may be located at a distance, connection 
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INTERESTING 





valve; the packing rings being expansible 
fit themselves to the valve chamber, but 
when the throttle is opened the steam is 
admitted to the chest and enters the spac« 
below the rings. The action of this pres- 
sure is to lock the snap rings in a fixed 
diameter, making practically a plug of it 
during the time.the pressure is on. The 
valve has been designed on the principle 
of leverage by wedges, the pressure act- 
ing upon the wedges. In the valve the 
wedges take the form of cones, or circu- 
lar wedges, as shown in the illustration. 

The outside walls of the snap rings 1 
are straight and fit against the straight 
wall of the follower and spool. The 
inner walls of these snap rings are bev- 
eled, forming a cone. Next to the snap 
rings are wall rings 2, the sides of which 
are beveled to fit the cones of the snap 
rings. These wall rings are uncut, non- 
expansible steel rings. Between them, in 
the center, is placed a double-coned ex- 
pansible wedge ring 4, which, with the 
wide ring 3, interlocked into each snap 
ring, forms the complete packing. 

The wide ring performs two important 
functions; it carries the snap rings across 
perts while drifting, and also keeps the 
suap rings parallel with each other. 

The wedge ring is put in under ten- 
sion and its tendency is to crowd the two 


‘solid wall rings laterally against the cone 


This prevents 
The degree of 


snap rings I. 
of all rings. 


sides of the 
lateral wear 























SECTION OF “AMERICAN” SEMIPORTED PLUG PISTON VALVE 








March 23, 1900. 


angle on the cones is much greater on 
the double-tapered wedge ring than on 
the snap rings. These angles are so calcu- 
lated that, while the pressure is under- 
neath all the rings, the leverage of 
the double-tapered wedge ring, crowding 
the solid wall rings against the cones of 
the snap rings, is just sufficient to pre- 
vent the snap rings from farther expan- 
sion, but not sufficient to reduce the snap 
rings in diameter. ‘ 

When steam is admitted to the steam 
chest it passes through the small holes 
around the spool, and finds an_ outlet, 
first, under the first snap ring, and second, 
under the central wedge ring, thus caus- 
ing the rings to fit the valve chamber, and 
the wedge ring to lock up the rings. 

The packing consists of the combina- 
tion of rings, which are free to move up 
and down on the spool, that the rings may 
fit the cage perfectly correctly, regardless 
of any variation in the position of the 
spool, which is carried on the valve rod. 

This manufactured by the 
American Balance Valve Company, Jer- 
sey Shore, Penn. 


valve is 





Stickle Bucket Trap 


The Stickle bucket trap is shown in 
<ross-section in the accompanying illus- 
tration. It is designed to be connected 
to separators used on large steam mains, 
where boilers prime and there is a large 
amount of magnesia brought over in the 
steam. The separating ring around the 
top is designed to stop the greater part 
cf sediment while the trap is filling. As 
soon as it opens, it is wide open. The 
rapid discharge through the ring is in- 
tended to clear it from sediment, and it 
is discharged through the valve when it 
is wide open. The buckets are very heavy. 
It is claimed that it never sticks, as the 
equalizing coupling lets the 
straight to the seat. 

This trap is manufactured by the Open 
Coil Heater and Purifier Company, In- 
dianapolis, Ind. 


valve go 


iwi! 






‘hil 


MMMM) 


























STICKLE BUCKET TRAP 
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Erie City Feed Water Heater 


Fig. 1 is an exterior view of the Erie 
City feed-water heater, the inlet head, 
trays and deflecting plates of which were 




















FIG, I, ERIE CITY FEED-WATER HEATER 























FIG. 2. 


SHOWING THE REHEATING CHAMBER 
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FIG. 3. SECTIONAL VIEW OF ERIE CITY HEATER 


The illustrations show 
without going 
minute details, but attention is especially 
called to the reheating chamber shown in 


specially designed. 


the construction into 


Fig. 2. The feed water is taken from this 
chamber, which is directly opposite to and 
in direct connection with the incoming 
exhaust steam which enters the heater on 
one side and, with the water before it, 
goes into the chamber on the other side, 
thus causing the reheating chamber to be 
surrounded by the hottest water. in the 
heater on one side and the incoming steam 
on the other. The result is that the water 
is said to be reheated to the hottest tem- 
perature possible with exhaust steam, and 
the heat lost in process of filtration is re- 
stored just as the water leaves the heater. 
Fig. 3 is a sectional view of the heater, 
This 
heater is manufactured by the Erie City 
Iron Works, Erie City, Penn. 


trays, reheating chamber, ete. 





Book Reviews 


THe Mopern Power GAs Propucer. By 
Horace Allen. Published by D. Van 
Nostrand Company, New York, 1908. 
Cloth; 332 pages, 5x7 inches; 136 
illustrations; numerous tables. Price, 
$2.50. 

This is not a college textbook. It is a 
résumé of modern European practice in 
the construction and application of gas 
producers for power purposes, to which 
is added an explanation of the principles 
involved. The material is valuable and 
‘the author’s style of exposition is clear 
and interesting; it is greatly to be re- 
gretted that engravings of extraordinarily 
poor execution have been used to illus- 
trate such worthy text. The diagrams 
and sectional drawings are so badly re- 
produced and so excessively reduced in 
size as to be useless in most instances. 
The arrangement of the material is not 
altogether praiseworthy. Much of the 
technical information which should be 
given in the chapters devoted to principles 
is scattered through those which present 
descriptions of commercial equipment. 
But the information and data contained 
in the book are highly useful when once 
sorted out. 


SoctAL ENGINEERING. By William H. 
Tolman. McGraw Publishing Com- 
pany, New York. Cloth; 394 pages, 
6x9 inches; illustrated. Price, $2. 

If it is the function of the engineer to 
adapt and apply the materials and forces 
of nature to the use of man, the specifica- 
tion is broad enough to include the 
“Social Engineer,” as Dr. Tolman calls 
himself. Industrial betterment is some- 
thing more than a philanthropy.’ “The 
betterment of the labor element is a cold 
business proposition,” as Dr. Tolman says 
in his preface, “and is undertaken com- 
monly to get the best results out of 
labor.” 

The damages which a manufacturer 
pays for loss of life and limb are a part 
of the operating cost of his business, and 
included in the selling price of his prod- 
uct, so that it is the consumer who pays 
them in the last analysis, and it is the 
consumer who will profit by the better- 
ment of conditions which will not only 
avoid such loss of life and limb, but in- 
crease the efficiency of the producer. 

The first chapter of the book treats of 
the promotion of efficiency through vari- 
ous educational and other methods. Suc- 
ceeding chapters treat of The Social 
Secretary ; Hygiene; Safety and Security; 
Mutuality; Thrift; Profit Sharing; Hous- 
ing; Education; Recreation; Communal 
or Social Betterment; Does it Pay? 

The work will well repay perusal by 
everybody who is interested in social 
progress, and especially by those who are 
engaged in industrial pursuits, either in 
the office or in the shop. 
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GENERAL LEcTURES ON ELECTRICAL ENGI- 
NEERING. By Charles P. Steinmetz. 
Published by Robson & Adee, Schen- 
ectady, N. Y., 1908 Cloth; 280 
pages, 6x9 inches; 48 illustrations. 
Price, $2. 

The contents of this book comprise 
seventeen lectures and two appendices, the 
latter being reprints of papers read before 
engineering societies. The lectures are 
extremely simple in treatment, practically 
no mathematics being employed. The 
author’s manuscript was “edited” by J. 
LeRoy Hayden, and there are many spots 
where more careful work by Mr. Hay- 
den would have incréased the clarity and 
smoothness of diction very greatly. The 
lectures are “popular” in character and 
their scope embraces the whole field of 
electric light and power engineering; con- 
sequently, many of them are conspicuously 
inadequate, even for the avowed purpose 
of the book. There are several obscure 
statements in the book, and one or two 
which seem to be erroneous, if the reviewer 
reads aright the author’s meaning. On 
page 104, for example, varying the num- 
ber of poles on an induction motor is said 
to be analogous to varying the number of 
expansions in'a steam turbine, and on 
page 105 the author says that the mean 
[effective ?] pressure in a gas-engine cylin- 
der “is low’! The reviewer confesses in- 
ability to trace the analogy or to imagine 
what kind of a modern gas engine de- 
velops a “low” mean pressure. 


Tue Economy Factor in STEAM PLANTS. 
By George W. Hawkins. Hill Pub- 
lishing Company, New York. Cloth; 
133 pages, 6xg inches; illustrated. 
Price, $3. 

This book is intended for the designer 
of steam-power plants or the student of 
the subject of steam-plant design. The 
author has had access, as a member of 
the engineering staff of C. C. Moore & 
Co., to a mass of data upon the several 
efficiencies of the various factors which 
go to make up such a plant, has analyzed 
the effect of varying conditions upon such 
apparatus and devised formula charts or 
“graphs” and tables which will assist the 
designer in determining the constituents 
of the most efficient plant for a given set 
of conditions, or the probable efficiency of 
a proposed plant. The author deals with 
engineering efficiencies simply and does 
not consider the over-all efficiency, includ- 
ing standing charges based upon invest- 
ment, furnishing rather the means for 
enabling the engineer to estimate the ex- 
pense of maintenance which may then be 
corelated with cost. The work is divided 
into four parts. Part I treats of Indi- 
vidual Apparatus, and considers in sepa- 
rate chapters Boilers; Engines; Electrical 
Generators; Condensing Apparatus; Feed 
Pumps; Oil Pumps; Oil Burners; Radia- 
tion Leakage; Feed Water Heaters; and 
Fuel Economizers. It was the original 
intention to make the analysis applicable 
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only to oil-burning plants, but inasmuch 
as the same method might obviously be 
made to apply to any fuel whatsoever it 
was decided to add such conversion charts 
as would afford a ready means of apply- 
ing the results to coal and wood or other 
fuels. 

Part if the Factor of 
Evaporation. All of the quantities which 
go to make up this factor are readily ob- 
tainable except the temperature of the 
feed water and this chapter contains 
“graphs” showing the temperature to be 
obtained from open and closed heaters 
for various temperatures of air-pump 
discharge and percentages of exhaust 
steam available, and the effect of fuel 
economizers; and tables showing the per- 
centages of steam used by auxiliaries. 
Parts III and IV treat of Complete 
Plant Economy, the first under full and 
the latter under variable load. 

The charts or “graphs” are a prominent 
feature of the book and present in a con- 
densed yet comprehensive form the in- 
formation which the author has gathered 
from exceptional opportunity, and the de- 
ductions thereffom. 

Practical engineers are prone to hoard 
the results of their experience as capital 
in the competitive struggle for advance- 
ment. Mr. Hawkins has in this work 
made available to the engineering profes- 
sion information which to determine ex- 
perimentally would entail thousands of 
dollars worth of experiment or years of 
varied experience. 


deals with 





Books Received 


“Modern Cement Sidewalk Construc- 
tion.” By Charles Palliser. Industrial 
Publication Company, New York. Cloth; 
64 pages, 5x7% inches; illustrated; in- 
dexed. Price, 50 cents. 

“Alternating Current Machines.” Sev- 
enth edition. By Samuel Sheldon, Hobart 
Mason and Erich Hausmann. D. Van 
Nostrand Company, New York. Cloth; 
353 pages, 5x7% inches; 237 illustrations ; 
indexed. Price, $2.50. 


“Law and Business of Engineering and 
Contracting.” By Charles Evan Fowler. 
McGraw Publishing Company, New York. 
Cloth; 162 pages, 5'%4x9Q inches; illus- 
trated; indexed. Price, $2.50. 


“Transmission Calculation of Trans- 
mission Lines.” By L. W._ Rosenthal. 
McGraw Publishing Company, New York. 
Cloth; 93 pages, 6x9'%4 inches; 42 tables; 
indexed. Price, $2. 


“Heat Energy and Fuels.” By Hanns 
V. Juptner, translated by Oskar Nagel. 
McGraw Publishing Company, New York. 
Cloth; 306 pages, 6x9%4 inches; 118 illus- 
trations; tables; indexed. Price, $3. 
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Anniversary of American Institute 
of Electrical Engineers 





The members of the American Institute 
of Electrical Engineers and their wives, 
in all three hundred persons, celebrated 
the twenty-fifth anniversary of the or- 
ganization of the institute Thursday even- 
ing, March 12, with a dinner at the Hotel 
Astor, New York City. 

Louis A. Ferguson, of Chicago, presi- 
dent of the institute, was toastmaster. 
The speakers were President Jesse M. 
Smith, of the A. S. M. E.,- Past Presi- 
dents Elihu Thompson and Frank J. 
Sprague, of the A. I. E. E., and President 
Alexander C. Humphreys, of the Stevens 
Institute of Technology, who delivered an 
address on “Electrical Engineering as a 
Profession.” 

Those occupying the rostrum in addi- 
tion to the speakers were Theodore Beran, 
John Bogart, C. C. Chesney, C. A. Dore- 
mus, William C. L. Eglin, W. W. Free- 
man, B. Gherardi, Robert Mather, E. E. 
Olcott, Ralph W. Pope and G. G. Ward. 

In his opening speech President Fer- 
guson called attention to the fact that 
although the youngest the American In- 
stitute of Electrical Engineers now was 
the largest of the four great engineering 
societies of America. 

President Smith, of the Mechanical 
Engineers, told what wonders the elec- 


tricians had accomplished. Professor 
Thomson was greeted with great ap- 
plause. He joked about the temerity of 


the men who took upon themselves the 
title of “electrical engineers” twenty-five 
years ago, but praised the optimism which 
prompted them in that self-assurance. 

The institute has had twenty-one presi- 
dents since its founding in 1884. Of 
these, three, Norvin Green, the first 
president; Franklin L. Pope, the second, 
and William A. Anthony, are dead. Of 
the living past presidents, T. Commer- 
ford Martin, Elihu Thomson, Frank J. 
Sprague, Francis B. Crocker, Charles F. 
Scott, Bion J. Arnold, John W. Lieb, Jr., 
Schuyler S. Wheeler and Henry Gordon 
Scott were present at the anniversary. 

Preceding the speech of Mr. Sprague, 
Toastmaster Ferguson called on the 
seven charter members present to stand, 
and as he read off each name the diners 
applauded vigorously. The seven were 
Charles L. Clarke, George A. Hamilton, 
C. O. Mailloux, T. Commerford Martin, 
Jesse M. Smith, Prof. Elihu Thomson 
and Elmer A. Sperry. 





Plans of Combined Associations of 


Brooklyn 





The delegates of the Combined Asso- 
ciations of Engineers of the Borough of 
‘rooklyn will hold a banquet in the near 
‘ature to celebrate the first anniversary 
* the association. This organization, it 
--ems, is the source of the inspiration for 
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the new engineers’ and firemen’s license 
law adopted by the Greater New York 
Charter Revision Committee. The annual 
summer outing will be held on July 18, 
at Bellwood Park, N. J., and the second 
annual ball at the Fourteenth Regiment 
armory, on the eve of Washington’s 
birthday, February 21, 1910. Since its 
inception this organization has divided 
one thousand dollars among the several 
associations forming its membership. 





Engineers’ Blue Room Club 
Outing 





One hundred and sixty members of the 
Engineers’ Blue Room Club, of Boston, 
Mass., paid a most profitable and instruc- 
tive visit to the Wood Worsted Mill, the 
latest addition to the American Woolen 
Company’s plant in Lawrence, Mass., Sun- 
day, March 7. 

The party started at 10:30 a.m., in two 
special cars attached to the regular train, 
and was met upon its arrival in Lawrence 
by the mayor of the city and officers of 
the American mills, which, under the 
guidance of special committees, were 
thoroughly inspected. 

The power plant, of course, was the 
principal point of interest, and George H. 
Diman, the consulting engineer of this 
great corporation, explained the many 
latest and interesting devices. 

An extended inspection of other parts 
of the mill followed, until members and 
guests found themselves in the restaurant 
of the mill, where the committee had pro- 
vided a most appetizing lunch. This 
being done away with, all were called to 
order by the president of the Blue Room 
Club, Almon H. Parker, who voiced the 
sentiments of the members in extending 
thanks for the invitation to its members, 
and named Past President George H. 
Knowlton toastmaster. 

Mayor “Billy” White extended the wel- 
come of the city to the members and 
guests and dwelt at length on the ad- 
vantages of Lawrence as the greatest tex- 
tile center of the world, but one, and this 
was soon to be distanced. 

Other addresses were made by Mr. La- 
mont, the agent of the mill; Mr. Ingram, 
of the Washington mill; George H. Di- 
man and Mr. Sherman, who handles the 
money; also Past Presidents Neptune and 
Furbush, as well as Mr: Winther, secre- 
tary of the club, and Harry H. Atkinson, 
chairman of the entertainment committee. 

A group picture of all present was then 
taken. Handshaking and well wishes 
were then in order and after three lusty 
cheers for the hosts and “the only” George 
H. Diman, the party left for Boston, having 
enjoyed the most interesting and instruc- 
tive outing ever conducted by this club. 
The committee who so ably conducted 
this affair consisted of Harry H. Atkin- 
son, Harry H. Ashton and Richard K. 
Neptune. 
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Brooklyn Engineers’ Club Social and 


Smoker 


The Brooklyn Engineers’ Club held its 
third annual social session and smoker at 
the Imperial, Fulton street, Brooklyn, on 
Saturday evening, March 13. There were 
more than three hundred persons present 
and a most enjoyable evening was spent. 
A top-notch entertainment was given by 
the “Bunch,” there being frequent inter- 
missions between the numbers for the 
serving of refreshments. The efficient 
committee in charge of this successful 
event comprised C. A. Somner, H. P. 
Moran and Frank W. Conn. 





Civil Service Examinations 

The United States Civil Service Com- 
mission announces an examination on 
April 21 and 22 next, to secure eligibles to 
the position of tracer of mechanical draw- 
ings in the Isthmian-canal service, at an 
entrance salary of $100 a month. The 
subjects and weights are as follows: Ele- 
mentary mathematics (arithmetic, geome- 
try and algebra), 20; drawing to scale 
from sketches, 30; tracing and lettering, 
30; training and experience (rated on ap- 
plication), 20. Application form 1312 will 
be required. 





Personal 





Walter B. Snow, publicity engineer, 
Boston, Mass., has been elected a member 
of the corporation of the Massachusetts 
Institute of Technology. 

Prof. Charles M. Spofford, of the 
Brooklyn Polytechnic Institute, has been 
chosen to succeed Prof. George F. Swain 
as Hayward professor of civil engineering 
at Massachusetts Institute of Technology, 
beginning next school year. Professor 
Swain will go to Harvard. 

George F*. Fenno, for the past two years 
insurance engineer with the Middle States 
Inspection Bureau, an organization main- 
tained by thirty-six insurance companies, 
has joined the staff of the George H. 
Gibson Company. Mr. Fenno is a gradu- 
ate of Sibley College, Cornell University. 

L. P. Breckenridge, professor of me- 
chanical engineering in the University of 
Illinois, and well known in connection 
with the work of the United States 
Geological Survey, will have charge of 
the Sheffield Scientific School at Yale, in 
place of Prof. Charles B. Richards, re- 
tired. Professor Breckenridge will assume 
his new duties next September. 





Obituary 





Edwin H. Roberts, treasurer of George 
I. Roberts & Brothers, Incorporated, died 
at Auburn, Me., Saturday, February 27 
last. 





Business Items 


The Kennedy Valve Manufacturing Company 
announces that William Martin, who is well 
and favorably known in engineering circles, 
has joined the forces of that company as manager 
of the New York City sales department, with 
offices at 57 Beekman street. 


The Parker Boiler Company, Philadelphia, 
Penn., installed last fall a 258-horsepower 
boiler for the Convent of the Good Shepherd, 
Wheeling, W. Va., and has just received an order 
to duplicate the installation; also, an order 
for three 300-horsepower boilers for the Gardner 
Harvey Paper Company, Battle Creek, Mich., 
and two 234-horsepower boilers for the Mount 
de Chantal Academy, Wheeling, W. Va. 

A Eugene Michel, who has for the past three 
years been Manager of the George H. Gibson 
Company, has opened new offices at 1572 Hudson 
Terminal buildings, New York. Mr. Michel will 
in future confine his efforts as an advertising 
engineer to the promotion of steam specialties 
and apparatus, power transmission appliances 
and machine tools, and will limit his clientele to 
the number of firms to whose work he can 
give personal attention. Mr. Michel is a gradu- 
ate engineer, associate member of the A.S.M.E., 
and with eleven years’ advertising and engineer- 
ing training, which includes practical experience 
in machine design, testing, etc., is well prepared 
to conduct the advertising of mechanical products. 

The space-saving qualities of the angle- 
compound engine, recently introduced by the 
American Engine Company. Bound Brook, N. J,. 
is illustrated by the fact that one of these engines 
of a capacity of 500 horsepower was recently 
selected to drive a centrifugal circulating pump 
in connection with the condenser outfit of the 
Interborough Rapid Transit Company, at the 
Fifty-ninth street and North river power house, 
New York City. The American Engine Com- 
pany also reports a sale of an angle-compound 
engine to the United States Government for 
the Coast Artillery School at Fort Monroe, to 
be installed along with two American-Ball 
duplex compound engines. 


The importance of forest preservation is 
appreciated by no one more than by those who 
are vitally interested in hydroelectric develop- 
ment throughout the country. Many individuals 
are exerting themselves in this cause, and the 
Appalachian National Forest Association con- 
tinues to enlarge its membership. An example 
of a manufacturing company interested in this 
preservation is the Crocker-Wheeler Company, 
of Ampere, N. J., builder of electric-power 
machinery used in hydroelectric development, 
which has recently become a sustainin member 
of this association, whose objectis the ‘‘ perpet- 
uttion, through wise use, of the remaining 
forests of our country, national and State.” 





New Equipment 


City of Camden, Ark., will construct water- 
works. 

The Midland Electric Co., 
will erect a new power house. 


Lexington, Ky., 

The Granger (Texas) Oil Mill Company will 
install an ice plant and water-works system. 

City of Panama City, Fla., contemplates 
erection of electric-light plant and water works. 

It is reported that the Sapulpa (Okla.) Inter- 
urban Railway Company will construct power 
house. 

H. E. Johnson, Carson, Iowa, has purchased 
electric-light plant and will make improvements 
to same. 

It is reported that the Clark Memorial College» 
Newton, Miss., contemplates installing an electric- 
light plant. 

The city of Mart, Texas, has voted $50,000 
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bonds for construction of water-works. R. W. 
Bass, mayor. 

The Farley & Loetscher Mfg. Company, Du- 
buque, Iowa, has completed plans for a new 
power house. 

The Union (Iowa) Electric Light Company, 
recently granted franchise, contemplates con- 
structing electric plant. 

The citizens of Marion, Kans., voted to issue 
$60,000 bonds for construction of electric-light 
plant and water works. 

The citizens of Camden, Ala., have under 
consideration the question of gstablishing a 
municipal electric-lighting plant. 

The Providence Hospital, Washington, D. C., 
is in the market for a 100 kilowatt direct-con- 
nected unit, also passenger elevator. 

The plant of the Rockford Electric Light Com- 
pany, Marysville, Mo., recently destroyed by 
fire, will be rebuilt at once, it is said. 

Plans are being prepared for a three-story 
cold storage building for Conron Bros. Co., 
Brook avenue and 153d street, New York. 


W. H. Bourke and others, of Spokane, Wash., 
have been granted franchise to construct and 
operate an electric-light plant in Lewiston, Idaho. 

The Italy Water Company, Italy, Texas, 
contemplates the erection of a standpipe or 
steel tank and tower and would like to hear from 
builders. 

The Musketaquid Worsted Mills, Lowell, Mass., 
has awarded contract for erection of an addition. 
A new power plant and water wheel will be 
installed. 

The Craig Water Power Company, Roanoke, 
Va., has been organized with $200,000 capital. 
Two plants will be erected. A. L. Sibert, 
president. 

The Northern Illinois State Normal 
De Kalb, Ill., contemplates 
engine, generator and 
Clark, engineer. 


School, 
installing new 
switchboard. Jas. A. 


Muralt & Co., New York, have been awarded 
contract for remodeling and enlarging water- 
power plant at Tower Mills, L. I. New turbines 
will be installed. 





Help Wanted 


Advertisements under this heading are in- 
serted for 25 cents per line. About six words 
make a line. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 


WANTED—tThoroughly competent 
specialty salesman; one that can sell high- 
grade goods. Address ““M. M. Co.,” Power. 

WE WANT REPRESENTATIVES to handle 
metallic packing in Pittsburg, Cleveland and 
Cincinnati. National Metallic Packing Co., 
Oberlin, O. 

WANTED—Salesman for Maryland and south- 
east coast states to sell high pressure steam 
specialties. Give age, reference and_ salary 
desired. Box 15, Power. 

WANTED—Engineers to use a polish that 
dolishes: for valve bonnets, head bonnets, 
yrass and copper. It makes them bright. 
Very inexpensive to make. Formula $1.00. 
L. Earle Brown, 2304 Ave. D., Ensley, Ala. 


Situations Wanted 


Advertisements under _ this 
serted for 25 cents per line. 
make a line. 

GEORGE N. COMLY, consulting engineer, 
1816 West Genesee St., Syracuse, Y. Can 
give best of references if desired. Correspond- 
ence solicited. 

WANTED—Position as engineer. Experi- 
enced with steam turbines, condensing engines, 
water tube boilers; can give the best of refer- 
ences. Box 14, Powrr. 

POSITION WANTED by a single 
man as engineer in a medium-sized plant. Seven 
years’ experience as engineer, active and alive; 
use no tobacco nor alcoholic drink ; Dakotas or 
Minnesota preferred. Box 11, Power. 

POSITION as engineer or oiler in large or 
small plant. Eighteen years’ experience with 
engines, generators, dynamos, motors. Have 


steam 


head are in- 
About six words 


young 
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first-class Ohio license. Will go any place in 
Ohio at any time. Box 483, Marion, Ohio 

MECHANICAL and_ structural draftsman 
33 years old, ten years’ experience, university 
graduate, desires responsible position. Design- 
ing and supervising of power-plants, gas-plants,, 
etc. Chicago or neighborhood. Box 17, PowER. 

POSITION as electrician with a company 
having good chances for advancement. An 
I. C. S. student with five years’ experience in 
electric service. At present employed and 
require ten days’ notice. Prefer Chicago. 
Box 12, Power. 

WANTED—Position as engineer or super- 
intendent of li_ht and water plant by a first- 
class engineer. Seventeen years’ engineering 
experience; also practical experience in machine 
shop. Can give best of references. Address 
“L. A. R.,”” Box 16, POWER. 

YOUNG MAN, 25 years of age, six years’ 
experience in traction . plants... Can .handle. 
Corliss or automatic, simple or com engines, - 
shell or water tube_ boilers, beth :a.c.,and.<hec. 
generators, booster, batteries;-etes-.- Wantscengie- 
neer’s: position. . South. preferred:-goed.nefem 
ence. Box-25, West Alexandria, Ohies «. . 


Miscellaneous 


Advertisements under this 
serted for 25 cents per line. 
make a line. 

PATENTS secured promptly in the United 
States and foreign countries. Pamphlet of 
instructions sent free upon request. C. ‘ 
Parker, Ex-examiner, U. 8S. Patent Office, 
McGill Bldg., Washington, D. C. 

IN ORDER TO SETTLE an estate, an attrac- 
tive opportunity is open to a party with 
$150,000.00 competent to fill responsible posi- 
tion either in the scales or manufacturing depart- 
ment, to purchase an interest in a well and 
favorably known, profitable machinery manu- 
facturing plant located in Pennsylvania, with 
an office and established trade in New York 
City. Address “‘Executors,’” Box 3, POWER. 

WANTED—A second-hand _ cross-compound 
or tandem-compound Corliss condensing engine 
to develop about 500 h.p. at 100 lbs. steam 
pressure. Some concern may be contemplating 
an enlargement of their plant, or a change in 
their power equipment, and have such an engine 
to dispose of in the course of the next few months. 
They might like to take the matter up with the 
advertiser. Kindly state where the engine 
can be seen and its price. Address “*New 
York,” Box 6, PowrEr. 


For Sale 


Advertisements under _ this 
serted for 25 cents per line. 
make a line. 

ARC LAMPS—100 General Electric No. 5 
lamps, 54 amperes, 110 volts, for sale. Apply 
to Engineer, The 14th Street Store, 6th 
Ave., New York. 

FOR SALE—One 9x12 Armington & Sims 
automatic high-speed piston slide valve en- 
gine. Can be seen in operation until April 1. 
Studer Bros., Apple Creek, Ohio. 

FOR SALE—20x48 Wheelock engine and 
two 72”’x18’ high pressure tubular boilers in 
good condition cheap. Address ‘“ Engineer,”’ 
Box 2, Station A, Cincinnati, Ohio. 

SECOND-HAND MACHINERY FOR SALE 
—Engines, milling, linseed ard cotton seed 
oil mill machinery. Write us for description 
and prices. Indiana Machine and Supply 
Co., 203 Ingalls Building, Indianapolis, Ind. 

ELECTRICAL ENGINEERING course for 
sale; don’t pay $135.00 for a course when I can 
give you as complete a one as can be printed 
for only $22.00. Write today for particulars. 
Louis Schaeffer, 495 Garson Ave., Rochester, 

FOR SALE—1 Pr. of Harris Corliss engine, 
26-inch cylinder, 48-inch stroke; flywheel 18 
feet diameter, 72-inch face, 60 r.p.m., built in 
1893; 2 each 34-inch belts about 105 feet 
long; 1 jack shaft 24 feet long, 8-inch diameter, 
with two pulleys 9 feet diameter, 28-inch face; 
2 pulleys on jack shaft, belted to main lines 
of shafting (one 6 feet diameter, 454-inch face, 
and one 6 feet diameter, 364-inch face; 1 34-inch 
belt about 80 feet long, 1 41-inch belt about 
60 feet long; 400 to 500 feet shafting with hangers, 
from 4-inch to 2,%-inch diameter; 1 1500-horse- 
power Webster Star vacuum feed water heater, 
installed in 1901; 1 Dean boiler feed pump, 
12x7x12; 1 Snow duplex pump, 54x34x5; 1 
7-inch Cochrane oil separator; 1 14-inch Stewart 
oil separator; 2 Heine boilers, erected in 1892, 
250-horsepower each, at 74 square feet of heating 
surface, pressure allowed 95 pounds; 2 Peck 
internally fired boilers, one installed in 1896 
and one installed in 1899; these are 250-horse- 
power each, at 12 square feet of heating surface, 
yressure allowed 95 pounds. 1 35-kilowatt De 
zaval steam turbine, installed in 1904. The 
equipment is at pene in operation and entire 
outfit is in good condition. Bausch & Lomb 
Optical Co., Rochester, N. Y. 
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Bennings Power House of Potomac Electric Co. 


Essential Operating Features of an Important Central Station, in the 
District of Columbia, which Embodies a Number of New Ideas 





B Y 


Situated on the eastern branch of the 
Potomac river, about three miles from 
the Capitol, is the Bennings power house 
of the Potomac Electric Power Company, 
which furnishes current for nearly all the 
electric lights used in the District of 
Columbia and power to more than 200 
miles of electric railway. 
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ELECTRIC TRAVELING COAL HOIST 














250-HORSEPOWER ELECTRIC LOCOMOTIVE AND 
COAL CAR 


This power house was built to take over 
the work of three overloaded reciprocat- 
ing-engine plants of heterogeneous char- 

ster located in widely separated districts 
in the city. Current is generated at 6600 

Its and stepped up to 33,000 volts for 

tribution to 14 substations, where it is 
stepped down to 2200 volts for primary 

hting distribution mains and converted 


r. 





ns 


into direct current of 575 volts for trac- 
tion work. Compactness of arrangement 
and facility of operation seem to have 
been uppermost in the mind of the engi- 
neer who designed the plant. 

Hollow concrete blocks, 12x12x36 
inches, were used in building the walls 
and the two main partitions which divide 
the building into three sections, the largest 
of which is the boiler room; through the 
middle of this section rise three chimneys 
of reinforced concrete, 12 feet in diameter 
and 200 feet high. Steel I-beam columns 


,of generous proportions support the roof 


girders, the boilers, the coal bunkers, the 
traveling crane (which covers the entire 
turbine room), the reinforced-concrete 
floors and the lighter partitions which di- 
vide the building into rooms, galleries and 
alcoves. 














BENNINGS POWER HOUSE 


One hundred and eight feet of the 
length of the building, which is 164x180 
feet, is occupied by the boiler room, which 
now contains sixteen of the twenty-four 
600-horsepower Babcock & Wilcox boilers 
for which it was designed. The boilers 
are arranged in four rows, with the smoke 
flues of those in the outer rows passing 
over those in the inner rows. 

Steam is taken from each boiler through 
a short riser and a 7-inch nonreturn angle 
stop valve to a long-radius bend which 
extends over the top of the boiler to an 
cll opening out from the top of the steam 
main. The diameter of the main ranges 
from 7 to 12 inches, excepting a compara- 
tively short cross-over which makes con- 
nections between the main pipe lines of 
the four rows of boilers; this cross-over 
is 14 inches in diameter. As will be seen 
from the plan of the piping, stop valves 
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are plentifully--used and objectionable 
strains are prevented by bends of long 
radius. 


Coat AND AsH HANDLING 
Roney stokers are installed, to which 
coal is fed im closed chutes with wide- 
mouthed bottoms designed to keep the 
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CONCRETE ASH HOPPER 


DOOR 


ABOVE BOILER-ROOM 


stoker hoppers evenly loaded all the time. 
Coal is brought to the plant in bottom- 
dump cars which, after being weighed, are 
pushed by a 250-horsepower electric loco- 
motive over the crusher hopper directly in 
front of the boiler-room door. From the 
crusher the coal drops into the elevator 
buckets which carry it to the top of the 


boiler room and drop it upon a belt con- 
s 
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veyer for distribution to the overhead Water is used freely to wet the ashes in tubes of all the boilers in the plant may be 
storage bins as desired. These bins are of the hoppers under the boilers and ren- thoroughly cleaned in less than one hour. 
rather small capacity, holding only about der the handling of them free from the Each flue is provided with a damper ~ 
four days’ supply. For the storage of a annoyance due to dust which usually at- trolled by a Locke damper regulator, an 

large quantity of reserve coal to tide over tends most ash-handling operations. also with a recording pyrometer. bsg = 
any failure on the part of the transporta- All of the boilers are fitted with “Vul- riations in temperature indicated by the 
tion company to deliver the required can” flue blowers by which all of the wavy line on the chart show clearly the ac- 
tion of the damper regulator, the low-tem- 
perature line on the chart from 1:30 to 
5:05 a.m. indicating that the damper had 
checked the draft while still keeping steam 
pressure within its usual limits, as shown 
also by the chart from the pressure gage. 























































FreED WATER 


Feed water is delivered to the boilers 
through extra-heavy brass pipe from any 
or all of three 16x1ox16-inch outside- 
packed plunger pumps which take water 
from two Webster open heaters located on 
the boiler-room floor, one on each side of 
No. 1 chimney. Exhaust steam from the 
power ends of the circulating and dry- 
vacuum pumps, after passing through 
separators to remove the cylinder oil, is 
led to the heaters, where it mingles with 
and heats the condensation from the tur- 
bines, which is delivered from the con- 
densers by electrically driven two-stage 
centrifugal hotwell pumps. 

What makeup water is needed is auto- 
matically supplied to the heaters by water 
from two makeup tanks, each of 3000 gal- 
lons capacity, located in the boiler room 
and kept full all the time by the so-called 
MAIN FLOOR IN TRANSFORMER STATION house pumps, which are controlled by a 











































































amount on time a dumping pit is pro- 
vided about 1000 feet north of the build- 
ing. Into this all coal delivered in ex- 
, cess of the regular demand is dumped, 
to’ be picked up later by an electrically 
driven traveling coal hoist and distributed 
in long piles on both sides of the track. 
Under the boiler-room floor, which is 
14 feet above the main floor of the build- 
ing, are ash hoppers to catch all ash and 
clinker. These hoppers are equipped with 
easily operated valves by means of which 
their contents may be emptied into small 
dump cars which, when filled, are pushed 
over and dumped into a hopper which 
delivers to the same elevator that handles 
the coal. By the change of one dumping 
block on the side of the elevator frame 
the ashes are made to spill into a large 
hopper of reinforced concrete, located 
above the boiler-room door, from which 
they may be run into cars on the outside 
of the building through a chute which 
also serves to control the flow of ashes 
from the hopper to the car. An empty 
coal car is left at night over the crusher 
hopper and under the ash chute, which 
comes through the wall about 12 feet 
above the track. In the morning the ashes 
which have been collected the day before 
and elevated to the hopper are allowed to 
run into the empty coal car, which is 
pushed by the electric locomotive onto 
the side track of the steam railroad, to be 
hauled away. VULCAN FLUE CLEANERS ATTACHED TO BOILER 



































































































































Mi rm<.. 











ma 
a 


a 


= — el 
i ehh i oe Eiemalte| 









































POWER AND THE ENGINEER. March 30, 19009. 














TURBINE ROOM FROM NORTH END OIL SWITCHES UNDER MAIN SWITCHBOARD IN POWER HOUSE 











LAIDLAW-DUNN-GORDON SINGLE STAGE DRY-VACUUM PUMP 
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s being made under two of the boilers to 
scertain if, for a short run, it is not more 
conomical to use the more expensive oil 
‘uel than to incur the loss that inevitably 
ccurs from the slow and incomplete com- 
ustion that goes on with banked fires. It 
is also proposed to install one set of oil 
burners above the grates in one boiler and 
burn the oil above a coal fire in order to 
make an attempt to burn the oil in addi- 
tion to all the coal that can possibly be 
burned on the grates and thus produce a 
higher furnace temperature than is pos- 
sible with coal alone. If it should be 
found possible with coal and oil together 
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night, when it again drops off, reaching 
the lowest point at about 1 o’clock in the 
morning. 


STEAM PuMPS 


On the main floor of the power house, 
which is 14 feet below the boiler-room 
floor, around No. I chimney and between 
it and No. 2 chimney, are grouped all of 
the steam pumps of the plant. There are 
three 16x10x1I6 outside-packed plunger 
pumps for boiler feeding; two 12x27¢xI2 
plunger oil pumps, maintaining a pressure 
of 1200 pounds per square inch, for the 
step bearings of the larger turbines; three 


585 
ing down boilers, or for any purpose for 
which water under pressure may be 
needed. 


Near No. 2 chimney is located a Wilcox 
Engineering Company’s water meter, to 
which all of the motor-driven hotwell 
pumps are piped; from the discharge tank 
of the meter a low-duty tank pump, auto- 
matically controlled, takes all water pass- 
ing through the meter and delivers it to 
the Webster feed-water Watt- 
hour-meter and water-meter readings are 
taken for any length of time desired, and 
one reading divided by the other gives the 
pounds of water per kilowatt-hour; the 


heaters. 














VIEW OF TURBINE ROOM FROM ENTRANCE TO POWER HOUSE 


to get 50 per cent. more evaporation from 
a boiler than with coal alone, the neces- 
sity for banked fires will disappear and 
no more boilers will be needed when 
carrying the peak than with the average 
load. 

At this plant the load from 1 to 5 a.m. 
is about 3000 kilowatts. From 5 a.m. until 
9 a.m. it gradually increases to 14,000 
kilowatts, after which it drops to 9000, 
where it remains until about 4 p.m., when 
again increases until a peak of 16,000 
watts is reached at sundown. After 
ut two hours the load drops to 12,000 
k' owatts, where it continues until mid- 


IOx3xI0 plunger-pattern pumps, maintain- 
ing an oil pressure of 800 pounds per 
square inch, for the steps of the smaller 
turbines; two 7x4%4xIo piston pumps, 
maintaining an oil pressure of 125 pounds, 
for operating the hydraulic-valve gear and 
guide bearings, and two small oil-tank 
pumps which automatically take care of 
all of the oil that flows to the drip tanks 
from the step bearings, the guide bear- 
ings and the hydraulic-valve gear, and 
deliver it to the Turner oil filters located 
on either side of the room. There is also 
one fire pump, which is used ordinarily 
for furnishing water for sprinkling, wash- 


determination of the water rate is there- 
fore a very simple matter. 

3etween No. 2 chimney and the north 
door into the boiler-room basement is 
located a receiver for compressed air in 
which two Westinghouse air-brake pumps 
keep the pressure up to 100 pounds per 
square inch. 

At each side of the pump room on the 
main floor, and also under the boilers, are 
two alcoves, in each Of which is a steam- 
driven exciter unit of 100 kilowatts capa- 
city. 

Calculations were made to decide to 
what extent the auxiliaries should be 
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GROUND-FLOOR PLAN BELOW LEVEL OF BOILER ROOM 


steam-driven, it being desired to heat the 
feed water as hot as possible and yet use 
no more steam in the auxiliaries than 
would be condensed in the feed-water 
heaters. That the balance was very closely 
calculated is shown by the fact that the 
average temperature of the feed water for 
one year was 186 degrees. 


Tue STEAM TURBINES 


On the main floor of the turbine rooms 
are five vertical Curtis turbines mounted 
on Worthington condenser bases. One 
turbine generator is of 9000 kilowatts 
capacity, two are of 5000 kilowatts each 
and two of 2000 kilowatts each. As the 
2000-kilowatt units are too small to carry 
the entire load at any time of the day or 
night it is intended in the very near future 
to replace these two units with one of 
14,000 kilowatts capacity 

Steam for the turbines is taken from 
the side of the main pipe line through 
pipes with long bends, while steam for 
the auxiliaries is taken from the top of 
the same main by risers with return bends 
of 2-foot 3-inch radius, the long ends of 
which descend below the _ boiler-room 
floor, thence through long ells and bends 
to the machines where the steam is to be 
used. 





uy 3 




























































































\ + 
\ 3 7 
od ae N Power, N.Y. 
ey \ SCHEME FOR TESTING STAGE PRESSURES 
<= S 
SS 
N | i 
SNE SSSaNr SSS SASS 
] 1 
© 
Se N 
N Cit i 
TOT . . 
i 
—a \ i ras = 
en SSS SSS SSS ee MRO 
Power, -) 





ELEVATION OF AUXILIARY PIPING 
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In order to obtain condensing water 
economically a channel about 200 feet 
long was dredged out from the mouth of 
the intake tunnel to the river. From this 
channel the water is taken to the turbine 
room under the floor in a concrete duct 
13 feet wide and 5% feet deep. Through- 
out the length of the turbine room the 
overflow pipe, also of concrete, lies on 
top of the intake, side pits being provided 
for the suction pipes of the pumps so that 
they do not pass through the overflow. 
As both the intake and overflow are be- 
low the river level, the discharge pipes 
from the condensers are sealed at all 
times and the work done by the circulating 
pumps is simply that of overcoming the 
friction necessary to move the water 
through the condensers and connections. 
Each condenser is served by a centrifugal 
circulating pump, direct-connected to a 
Fleming engine, a steam-driven Laidlaw- 
Dunn - Gordon single - stage dry - vacuum 
pump and a motor-driven two-stage cen- 
trifugal hotwell pump. 

When the plant was first started con- 
siderable annoyance resulted from water 
which collected in the suction pipe of the 
dry-vacuum pumps, necessitating a shut- 
down once in about four hours to drain 
the water from the pipe. The chief engi- 
neer hit upon the scheme of tapping the 
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ELEVATION OF CONDENSING-WATER SYSTEM, SHOWING INTAKE AND OVERFLOW 
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PLAN OF POWER HOUSE ON BOILER-ROOM FLOOR 


suction pipe at two points, one at the bot- 
tom and the other above this, and lead- 
ing both pipes to a closed tank below the 
level of the suction pipe. What water 
came along with the air ran through the 
lower drain pipe and collected in the 
tank. At the end of two or three hours 
the valves in the pipes leading to the tank 
were closed and the tank opened to the 
atmosphere, when the water ran out. 
When the tank was empty it was closed to 
the air and opened to the suction as be- 
fore. Since this tank has been in opera- 
tion no trouble has been caused by water 
in the dry-vacuum pump cylinders. 
There is also an ingenious arrangement 
by which with a single compound gage 
the pressure or vacuum in any stage of 
the turbine can be tested. From the gage 
on the wall a single pipe leads upward 
past all four stages of the turbine cas- 
ing. From each stage a pipe with a valve 
leads to the gage pipe. By opening any 
valve with the others closed the degree 
of pressure or vacuum in that stage is 
seen and may be compared with that of 
the other stages or with former readings. 
Chief Engineer C. S. Wilson is experi- 
menting also with a modification of the 
Roney grate bar. He has taken the regular 
bar and cut several slots 2% inches long by 
4 inch wide lengthwise of the bar. These 
slots, while admitting more air to the fire, 
do not seem to increase the amount of 
fine coal that always drops from the first 
few bars, and the additional air seems’ to 
keep the grate bar cooler and to improve 
the appearance of the fire. The grates are 
much lightened by the slots and it is 
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thought that their durability will be in- 
creased. 

Steam is furnished to the turbines at 
180 pounds pressure with 138 degrees 
superheat at the throttle. 
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ing a full load of gooo kilowatts and 
maintaining a vacuum of 29 inches with 
a condenser having only 20,000 square feet 
of cooling surface, which is an overload 
on the condenser of 80 per cent. With 
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Catechism of Electricity 


987. What causes other than mechani- 
cal ones are responsible for noise in 
motor? 
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PLAN OF MAIN STEAM PIPE OVER BOILERS 
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STEAM-PRESSURE AND FLUE-TEMPERATURE CHARTS 


No. 1 turbine, of 9000 kilowatts capa- 
city, was the last installed and differs 
from those of 5000 kilowatts capacity only 
in the generator. It is, in fact, a go00- 
kilowatt generator mounted on a turbine 
and condenser intended for 5000 kilowatts. 
No trouble has been experienced in carry- 
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an average barometer hight of 29.5, the 
average vacuum for 1908 was 28.6. 





The total production of combustible 
minerals in France in 1907 was 36,930,000 
tons, of which 36,160,000 tons were bitu- 
minous and anthracite coals. 


If a belted motor is carrying more than 
its normal load, the belt is likely to slip 
over the pulley and cause an irregulat 
squeaking sound. In a motor having 
toothed-core armature, there is sometimes 
noticeable a humming noise when the m: 
chine is in operation. This results from 
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the passage of the teeth of the core past 
the field-magnet poles. 


988. Cannot objectionable noise caused 
by overload on a motor be reduced with- 
ut decreasing the load? 


Tightening the belt or applying pow- 
ilered rosin to that part of its surface 
which comes in contact with the pulleys 
may be found to answer the purpose. If, 
however, these remedies fail, a pulley of 
larger diameter or a belt having a wider 
dimension must be employed. 


989. Can the humming noise due to a 
toothed armature core be remedied? 

It can be remedied, but only in the re- 
construction of the machine, either by re- 
ducing the number of ampere-turns in the 
field winding or by altering the shape of 
the pole pieces or that of the teeth in the 
armature core so that the teeth do not 
all pass the edges of the pole pieces at 
the same time. 


Motor SPEED Too Low 
990. What are the usual causes that 
tend to slow down the speed of a direct- 
current motor? 


Overload; friction between the arma- 
ture and the pole pieces; friction between 
the armature shaft and the bearings; a 
short-circuited coil or ground in the 
armature; low voltage in the supply cir- 
cuit. 


991. What indications accompany an 


overloaded motor running slow? 

There is usually bad sparking at the 
commutator, the armature is very warm 
and in the case of a belted machine the 
belt is very tight on the tension side and 
may slip excessively. 


992. Is there any remedy for the case 


mentioned in QOI1 except reducing the 
load? 
No. 
093. What symptoms indicate that 


friction between the armature and_ the 
pole faces is keeping down the speed? 

A roughened armature surface; a tend- 
ency of the armature to stick when turned 
slowly around by hand, or a_ scraping 
noise when the armature is rotated. 


904. How should friction trouble of 
this kind be remedied? 

By binding down the protruding por- 
tion of the armature winding, or by 
properly centering the armature in its 
bearings or by filing out the pole faces 
where the friction occurs. 


005. If there is sufficient friction be- 
‘ween the armature shaft and the bear- 
ngs to cause drop in speed, will they not 
become very warm? 

They will, and the armature will be 
lificult to turn by hand. 


996. What remedy should be applied 
such a case? 


The bearings, if out of alinement, 
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should be readjusted. If the shaft sur- 
faces are rough they should be smoothed, 
cleaned and oiled. 


9907. How may a short-circuited coil 
or a ground in the armature be found? 

A short-circuited coil in the armature 
will cause the motor to draw excessive 
current. A ground occurring at two 
points in the armature will produce the 
same effect as a_ short-circuit, but a 
ground at only one point will not be 
noticeable. Continuity tests with a mag- 
neto bell, made by connecting the ter- 
minals of the magneto to the armature 
core and to the wire of the coil and turn- 
ing the generator crank, will show up a 
ground if there is one. ‘If the magneto 
bell rings, there is a ground; if it does 
not ring, there is probably not any 
ground. 


998. How should a short-circuited coil 
be remedied? 


If the trouble is due to a piece of sol- 
der or other metal getting between the 
commutator bars or their connections 
with the armature winding, the remedy 
consists simply in removing the solder or 
the metal. If the short-circuit is in the 
coil itself, the coil will have to be re- 
placed by a new one. 


9090. What should be done to remove 
a ground in an armature coil? 

If the ground is at a point where it 
can be reached, it can usually be reme- 
died by inserting a strip of insulating ma- 
terial between the coil and the core. 
Otherwise, the coil must be rewound. 


1000. 
motor? 


What produces a ground in a 


Sometimes a ground is caused by a 
spark of static electricity, generated by 
friction between the belt and pulley, 
puncturing the insulation of a coil. 


tool. Js there any way to prevent trou- 
ble from the static electricity produced by 
the belt? 


If the frame of the motor be grounded, 
the static charge will be led directly to 
ground before it does any harm. As it 
is not generally desirable to ground the 
motor frame, a moistened thread, a 
heavy pencil mark on a piece of unglazed 
porcelain, or any other high resistance 
connecting the frame to ground that will 
carry off a static charge, which is of very 
high potential and very minute magni- 
tude, but will not allow the passage of an 
appreciable current, will answer the pur- 
pose. 


Motor SpeeD Too HicH 
1002. What are the usual causes that 
tend to make a direct-current motor run 
too fast? 
Weak field magnets; too small a load, 
or too high voltage in the supply circuit. 


1003. Does a weak field magnet always 
cause a motor to run fast? 
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A weak field magnet causes a shunt- 
wound motor to run fast if it is lightly 
loaded. If the motor is very heavily 
loaded, however, a weak field magnet will 
usually cause it to run slow. In case the 
field circuit is accidently broken while the 
motor is running heavily loaded, it may 
even reverse its direction of rotation and 
run backward. 


1004. Js the speed of a motor likely to 
become dangerously high owing to its 
load being light? 


It is in the case of a_ series-wound 
motor, but not so in a_ shunt-wound 
motor. <A series-wound motor is there- 
fore generally geared or direct-connected 
to the load instead of being belted to it 
because if the belt should break the 
motor would increase in speed until the 
armature destroyed itself. 


1005. What special care should be 
exercised in running series-wound motors 
to prevent the load being removed? 


If the load is not direct-connected to 
the motor an automatic governor should 
be used in connection with the motor to 
reduce the current if the speed becomes 
too high. 


1006. What way is there of learning 
whether a high voltage in the supply cir- 
cuit is causing the motor to speed up? 

Measuring the voltage across the sup- 
ply wires with a voltmeter. 


1007. Where should trouble be looked 


for if a direct-current motor fails to 


start? 


An open circuit in the motor or in its 
connections to the supply wires; no cur- 
rent in the supply wires; improper con- 
nections; excessive friction between the 
moving parts; too heavy a load. 


1008. Jn what parts of a motor or in 
its wiring to the supply wires is an open 
circuit most likely to occur? 


One of the wires connecting the field 
winding in circuit may have slipped out 
of its connection, in which case the pole 
pieces when approached by a piece of 
iron will not attract it. The brushes may 
not be in contact with the commutator. 
In the wiring to the supply circuit one or 
both of the fuses may be melted, the cir- 
cuit-breaker may be tripped or the main 
switch open. 


1009. What should be done in case an 
open circuit is suspected? 


Turn off the current at once and in- 
vestigate the wiring and motor at the 
points mentioned in the previous answer. 
If they appear to be in good condition, 
test the field circuit, armature, and con- 
nections to the supply wires for contin- 
uity by means of a magneto bell as 
already described. If the trouble is not 
located, or if upon repairing an open cir- 
cuit the motor still fails to start, test for 
valtage in the supply wires. 
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Expensive versus Inexpensive Back Pressure 


Several Interesting Examples That Were Taken from Actual Practice 
which Afford Reliable Information upon a Very Important Subject 





BY 


This title may be considered a _ mis- 
nomer by readers who firmly believe that 
back pressure on the piston of an engine 
is always expensive, but this is not true, 
either in theory or practice, as it depends 
upon what use is made of the exhaust 
steam; for if all of it is utilized and live 
steam saved by the process, it matters not 
whether the back pressure is I or 10 
pounds. There are cases, however, where 
back pressure is expensive and Fig. 1 
illustrates one of them. 

In this mill the exhaust pipe is 8 inches 
in diameter, and after the steam has 
passed through a_ suitable feed-water 
heater it is discharged into a vertical pipe 
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of 50 square inches, but when the diame- 
ter is reduced to 3 inches with a cross- 
section of only 7 square inches, making a 
difference of 86 per cent., a very radical 
change has been made which is not war- 
ranted by the conditions of service. But 
even this great reduction of capacity is 
not prohibitive, provided good judgment 
is used in operating the device, for if a 
light weight is put on the back-pressure 
valve lever, limiting the pressure to 2 
or 3 pounds, a certain portion of the 
steam would go into the vats, and the 
remainder would be discharged into the 
air through the main pipe. This light 
pressure under stated conditions, how- 







































































FIG. I 


fitted with a back-pressure valve as 
shown. Just below this valve there is 
an 8-inch tee that was installed for the 
purpose of securing exhaust steam for 
use in three vats. An 8-inch nipple was 
screwed into this tee, followed by an 8x6- 
inch reducing coupling. This carries a 
6-inch nipple, followed by a 6x3-inch re- 
ducing coupling, after which 3-inch pipe 
was used and provided with three 1%- 
inch outlets, one for each vat. 

As the cylinder of this engine is 20 
inches in diameter, and a heavy load is 
the rule rather than the exception, the 
exhaust pipe is none too large where it is 
8 inches in diameter, with a cross-section 


ever, would not supply the vats with suffi- 
cient steam to fulfil the requirements; 
consequently, the superintendent (who 
knew nothing about successful steam 
engineering) ordered the engineer to 
fasten the back-pressure valve lever 
down by means of a strong wire attached 
to a hook screwed into the floor, as 
shown. This created a heavy back pres- 
sure which caused more steam to be dis- 
charged from the cylinder, raising the 
back pressure still higher, until the engine 
speed was reduced enough to cause the 
safety-stop motion to operate and shut 
steam off from the cylinder. As feed 
water was passing rapidly through the 
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heater and the vats were condensing 
steam at a high rate, a partial vacuum 
was formed in the exhaust pipe. Atmos 
pheric pressure acting on the surface of 
material in the vats forced a thick, pulpy 
mass up into the pipes and heater. 
Before starting the engine again, the 
engineer opened the back-pressure valve, 
but even then the piston moved slowly as 
if carrying an extra load, until there was 
a commotion in the heater, followed by 
a series of thumps on the roof, after 
which the flywheel speed was rapidly in 
creased until the governor controlled the 
cutoff and the machines were running at 
normal speed. Investigation showed that 


From Boiler 


a large quantity of partially manufac 
tured material had been thrown out on 
the roof, and laborers were sent to re 
claim it. 

Back pressure in this case was very 
expensive, although there was no neces 
sity for it, as it was nearly all due to an 
inefficient system of piping. If live steam 
was to be used in these vats, the pipes 
would probably not be made smaller than 
14%4-inch; and they were not increased for 
exhaust steam. If the outlet from this 
8-inch tee had been continued full siz: 
as far as the third vat shown in the cut, 
and then reduced to 6 inches to conve: 
steam to other parts of the mill, it would 
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have proved much more satisfactory. 
The outlet to each vat ought to be 2% 
neches in diameter, supplying four times 
1s much steam as the arrangement shown, 
because a large quantity at low pressure 
would do the work well. 

The adoption of this plan would make 
it possible to use all of the exhaust steam, 
provided it is needed in the vats, and if 
only a part of it is wanted here and else- 
where in the mill, the remainder would 
go to the atmosphere through the back- 
pressure valve, causing it to open at 2 
pounds pressure. 

A properly designed system of exhaust- 
steam piping costs more than pipes in- 
stalled without system by a man who does 
the work in an ignorant manner, because 
he does not understand the requirements 
and makes no intelligent effort to find out 
what is wanted; but the results in prac- 
tice will be much more profitable and 
satisfactory, because an abundance of 
steam will be available (provided a suffi- 
cient quantity is exhausted from the en- 
gine), there will be no useless back pres- 
sure and the engine will not be over- 
loaded on this account, as it always was 
in the case mentioned. 


OvuTLet Pires Too SMALL 


Fig. 2 illustrates a portion of the 8-inch 
exhaust-steam piping which conveys steam 
from another engine, with a cylinder 20 
inches in diameter, through a feed-water 
heater of peculiar design and thence to 
the atmosphere, or to be partially used in 
heating the mill, as desired. Just beyond 
the heater and below the back-pressure 
valve, a 6-inch outlet is provided for con- 
veying exhaust steam into a dry kiln, 
where much of it is condensed. 

Another 6-inch pipe supplies heat for 
the mill, and out of this pipe numerous 
branches take steam for heating differ- 
ent rooms. This appears to be a good 
plan and it is, when the details are ar- 
ranged to correspond, but it is not per- 
fect in this case, because the pipes which 
branch from these 6-inch outlets are too 
small to convey all of the steam easily; 
therefore, it is necessary to carry a com- 
paratively high back pressure in order to 
force steam to all parts of the mill; but 
owint to the lack of a steam gage on the 
exhaust pipe when the plant was exam- 
ined, it was not possible to determine the 
exact pressure. It certainly was high, be- 
cause some of it escaped through a leak 
in a flange joint and came out with a 
sharp hiss that cannot be secured from 
steam at low pressure. A steam gage 
ought to be connected to the exhaust 
Pipe of every engine (below the _ back- 
Pressure valve), so the back pressure may 
be plainly indicated at all times. As this 
is not an expensive instrument, it is sure 
to prove a paying investment. It should 
be a low-pressure gage in order that the 
pointer may move a considerable dis- 
tance for each pound, permitting its indi- 
caions to be read easily. 
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The term “high pressure” as applied in 
this article to exhaust steam means 2 
pounds or more above the atmosphere, 
and “low pressure” signifies less than 2 
pounds. My reasons for this distinc- 
tion are that a convenient line of separa- 
tion is thus provided; also, because with 
a properly designed system of exhaust- 
steam piping less than 2 pounds is always 
sufficient to keep the pipes full of steam; 
consequently, anything in excess of this 
is properly termed “high pressure.” 

My attention was called to this plant 
by the cloud of exhaust steam issuing 
from the pipe above the engine-room roof 
on a cool day, as exhaust steam always 
seems to be of greater density and conse- 
quently more wasteful under such condi- 
tions than when a higher temperature of 
the air causes less rapid condensation. 





FIG. 3 


Investigation showed that the back-pres- 
sure valve was not fastened open, as a 
casual observer might suppose, but was 
weighted down in the usual way. How- 
ever, it opened at every stroke of the en- 
gine and allowed part of the exhaust 
steam to escape, while the remainder was 
used for heating purposes, as stated. This 
valve was located above the roof where 
it was exposed to the elements at all 
times, and in order to change the weights 
or give it any other attention required, 
it was necessary to climb a ladder and 
walk several rods on a sloping roof, 
which was not desirable in cold and 
stormy weather. 


DIFFERENCE BETWEEN DEAD-WEIGHT AND 
LEVER VALVES 


Fig. 3 illustrates the back-pressure 
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valve formerly used on this exhaust pipe, 
although it was located under the roof. 
It is of the dead-weight type; therefore, 
the weight necessary to keep it shut un- 
der a given pressure is found by multiply- 
ing the area of the valve by the pressure. 
The area of this 8-inch valve is 50 square 
inches, and if the pressure is 5 pounds, 
it requires 
50 X 5 = 250 

pounds to hold the valve down, including 
the weight of the valve. A certain engi- 
neer, when filling out an application for 
a license, stated that his safety valves 
were 4 inches in diameter and of the 
dead-weight type. If this statement was 
correct it would have required 1256 
pounds of cast iron on the stem to carry 
100 pounds on the boilers. The weight 
of the valve in this case would prevent it 
from opening until the pressure was 
slightly above 100 pounds, but this is 
necessary in order to secure the required 
boiler pressure without wasting steam 
through the safety valve. These valves 
were in reality of the lever type, thus 
differing materially from the dead-weight 
type, a difference which ought to be more 
thoroughly understood. 

A few days after observing the cloud 
of exhaust steam, I secured indicator dia- 
grams from this engine taken while the 
back-pressure valve was closed, except 
when the pressure of exhaust steam 
raised it. Some of these are illustrated 
in Fig. 4 and they show exactly 5 pounds 
back pressure. Other diagrams taken the 
same hour with the valve open show prac- 
tically no back pressure, therefore the 
5 pounds shown in Fig. 4 should be 
charged to the heating system. The 
power required to secure a portion of the 
exhaust steam for a useful purpose is 
found by multiplying the horsepower 
constant by the back pressure. The 
former is 4.567 for this engine; therefore, 
it requires 

4.567 X 5 = 228 


horsepower to force steam through the 
small pipes. With the present system of 
piping in this mill the cheaper way to 
secure the required heat is to use the 
exhaust steam, although the conditions 
are unfavorable, and this was proved by 
allowing the engine to exhaust freely to 
the atmosphere, using live steam for heat 
ing purposes. Under these conditions it 
was impossible to maintain pressure 
enough on the boilers to keep the en- 
gine up to required speed, so the ex- 
periment was plainly a failure, as much 
more fuel was used than before. 
Another point to be considered in this 
connection is that 22.8 horsepower is 
used to secure, say, one-half of the ex- 
haust steam while the other half is 
wasted, consequently the actual cost per 
1000 pounds of steam used in heating, 
etc., is just double what it would be if 
all of the exhaust steam was _ utilized. 
Furthermore, it is possible to devise a 
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heating system for this mill that would 
use all of the exhaust steam in cold 
weather with one-half of the back pres- 
sure now carried, thus reducing the cost 
per 1000 pounds of steam used to one- 
quarter of the expense under present 
conditions. 

The heater shown in Fig. 2 consists of 
tubes expanded into the middle head, 
with caps on their upper ends. Steam is 
discharged into these tubes and as they 
are surrounded by the cool feed water 
it is condensed and the resulting water 
falls downward, thus giving place to 
more steam. It heats the water to 200 
degrees Fahrenheit. The angle valve 
shown is for the purpose of admitting 
live steam to the system when the engine 
is shut down. The connecting pipe, which 
is 1% inches in diameter, carries a 1%4- 
inch bushing, to the inner end of which 
is fastened a brass nipple, whose inner 
end is securely closed by a plug. A hole 
was bored in this nipple and turned up- 
ward when it was put in, thus sending 
live steam in the proper direction to pre- 
vent any portion of it from going toward 
the engine, and almost the full boiler 
pressure is expended in sending steam 
through the pipe. If there is a chance to 
use a bushing about three sizes larger 
than the live-steam pipe, a long thread 
may be cut on the pipe and a cast-iron 
ell screwed onto the end, as the hole in 
the exhaust pipe will be large enough to 
admit the ell. It is possible to make one 
as illustrated in Fig. 2 without a bushing. 

When the engine is started, live steam 
flowing through this fixture draws air, 
water and steam from the cylinder, thus 
assisting in heating the pipes quickly, 
without increasing the back pressure. 

Care should be taken to know that the 
outlet of such a device is turned in the 
right direction, as otherwise it will do 
more harm than good. It ought always 
to discharge into the heater, as shown, in 
order to heat the feed water in case it is 
necessary to run the steam pump when 
the engine is shut down; and the pump 
should exhaust into the heater for the 
same reason. 


EconoMICAL EXHAUST- STEAM HEATING 


Fig. 5 illustrates part of the piping for 
exhaust-steam heating in a shop the ma- 
chinery of which is driven by another en- 
gine with a cylinder 30 inches in diame- 
ter. Adter the exhaust steam is dis- 
charged from the cylinder it passes 
through a horizontal feed-water heater 
under the floor. It is then turned up- 
ward by an ell and, coming through the 
floor in the vertical 8-inch pipe shown, 
enters a cross. As the valve above this 
cross is now closed, the steam is divided 
and, passing out through two 6-inch pipes, 
goes into various departments in the 
shop. There is a valve in each of these 
branches by means of which the steam is 
shut off in warm weather. The weight 
which hangs near the floor, as all such 
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weights should, is then removed and the 
valve is fastened open to allow free 
passage for the steam. 

Fig. 6 shows a pair of indicator dia- 
grams taken from this engine when the 
exhaust steam was used for heating pur- 
poses. They indicate not more than 1 
pound back pressure. The horsepower 
constant of this engine is 5.994, therefore 
it requires 

5.904 X I = 5.994, 


or say 6, horsepower to force all of this 
steam through the heating system. Even 
this power is not wasted, because all of 
the steam required to develop it is sent 
into the shop and utilized for heating the 
several departments. There can be no 
question about the economy of exhaust- 
steam heating in such a case, as there is 
no loss to charge against it. 

Fig. 7 shows diagrams from a 16-inch 
engine, the horsepower constant of which 
is 2.12. The counter-pressure line is so 
near the atmospheric line that they barely 
form two separate lines. Measuring from 
center to center of these lines shows that 
the back pressure does not exceed 1 
pound. This does not represent even a 
slight loss; neither would it if there was 
5 pounds, because all of the exhaust steam 
is used for heating purposes. The heat- 
ing system of this plant is unique, be- 
cause all of the pipes are 6 inches in 
diameter, consequently there can be no 
contraction of area in the discharge 
lines. 

The back-pressure valve and _ branch 
lines are illustrated in Fig. 8. <A 6-inch 
pipe is large enough to allow all steam 
from a 16-inch cylinder to escape freely, 
but this soon branches into two 6-inch 
lines, giving the steam a_ still better 
chance to escape, especially when a por- 
tion of it is condensed in the heating 
process. This system was not efficient 
in practice because the steam expanded 
to a very low pressure and was all con- 
densed before it filled the pipes. If 
there had been a greater load on the 
engine due to more machinery, or even a 
greater back pressure, the shop would 
have been heated much better, but the en- 
tire waste from this engine is used with- 
out cost. 

Fig. 9 is a single diagram from another 
16-inch engine. The horsepower con- 
stant is 2.923. About one-quarter of the 
steam from this engine is used for heat- 
ing purposes and the remainder goes 
through the back-pressure valve. The 
heating pipes are small for the service re 
quired and a trap prevents the free es- 
cape of steam at the outlet, which in this 
case would be an advantage, and nothing 
would be wasted by such an arrangement. 


EFFECTS OF INCOMPETENCY 


The diagram shows about 2 pounds 
back pressure, therefore 


2.923 X 2 = 5.84 
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jorsepower is required to force the steam 
hrough the system, proving very waste- 
ful in practice. Coils of pipe were in- 
stalled in one room for the use of live 
steam, but no trap was used in this case, 
and the men who occupied this room 
always opened the drip valve as wide as 
possible, thus wasting more steam. The 
combination found in this mill showed the 
effects of incompetency in designing and 
operating a heating system. 

Fig. 10 is a diagram from the same en- 
gine after an incompetent engineer had 
been in charge of it for several months. 
Employees in the mill were cold because 
there was not sufficient radiating service 
to heat the rooms properly; consequently, 
they put more weight on the back-pres- 
sure valve lever, until the engine could 
not maintain its rated speed. Investiga- 
tion showed that about one-third of the 
average pressure above the atmosphere 
was required to carry the useless load, 
even when the mean effective pressure 
was 100 per cent. higher than in Fig. 9. 

The back pressure in Fig. 10 is 19 
pounds, therefore it requires 


2.023 X 19 = 55.5 


horsepower to dispose of the exhaust 
steam, which is much more than it ought 
to be. If this was the only loss due to 
bad conditions, it would be enough to 
warrant investigation and improvement, 
but the reduction of engine speed reduced 
the output of the mill, although the ex- 
pense of operation was the same as be- 
fore, and this is more serious than the 
cost of fuel to produce lost power. The 
back pressure was reduced to normal 
when the extra weights were removed. 

The term “average pressure” is used 
advisedly in this case and it should not 
be mistaken for the “mean effective pres- 
sure,” because they are not the same, 
although the difference is not always 
recognized; therefore, special attention is 
called to this point. The “average pres- 
sure” as used in this connection is repre- 
sented by the average hight of the steam 
and expansion lines above the atmos- 
pheric line, while the “mean effective 
pressure”* is the remainder after sub- 
tracting the average hight of the coun- 
ter-pressure line from the foregoing 
result. 

Where the counter-pressure line is 
nearly straight, as shown in Figs. 4, 6 
and 7, the back pressure can be deter- 
mined by measuring at the center, with 
the proper scale, the distance between 
the two lines; but when it is irregular, as 
in Fig. 10, the back pressure should be 
determined by the same method that is 
adopted for finding the mean effective 
pressure. 

Fig. tr illustrates a pair of diagrams 
from a 16-inch engine in a paper mill, 
with a No. 60 spring in the indicator. 
The horsepower constant is 3.033 and the 


back pressure is 6 pounds; therefore, it 
requires 
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3.033 X 6 = 18.1908 


horsepower to dispose of the exhaust 
steam. Every pound of this steam is used 
in making paper, so no loss results from 
this back pressure. 

Fig. 12 was taken from an engine fitted 
with a cylinder 14 inches in diameter, the 
horsepower constant of which is 1.4. At 
this time it was exhausting against 9 
pounds back pressure; therefore, it takes 


1.4 xX 9 = 126 


horsepower to force steam out of the 
cylinder after its work is done. The 
mean effective pressure of these diagrams 
is 6 pounds, so the engine was developing 


14.%6= Se 


horsepower in driving machinery. This 
demonstrates that the load due to back 
pressure above the atmosphere is 50 per 
cent. greater than the power required to 
operate the machinery. It does not neces- 
sarily follow, however, that this engine 
is run under wasteful conditions, and 
when these conditions are understood it 
is apparent that nothing is wasted in this 
connection. 

During all the time that this back pres- 
sure is in evidence the exhaust steam 
goes into a heating system, where it is 
all condensed and the resulting hot water 
is returned to the boilers. During part 
of the time this is sufficient to do the re- 
quired heating, but when the outside 
temperature is down to the freezing 
point, even, much live steam must be used 
to heat the buildings, and in zero weather 
more live steam than exhaust steam is 
used for this purpose; therefore, the 
steam required in the cylinder to over- 
come back pressure goes into the heating 
system instead of an equal quantity of 
live steam. 

All the steam that is condensed in the 
cylinder of this engine is lost because the 
exhaust pipe is drained into the sewer. 
Steam is expanded to atmospheric pres- 
sure in this case, which is a condition 
that does not represent excessive cylin- 
der condensation. When the point of 
cutoff in the cylinder of an engine is so 
short that the terminal pressure falls 
below the atmosphere and a loop is 
formed in the diagram, much steam is 
wasted in the cylinder, but no loop is 
formed here except at one point, and that 
is not large enough to be seriously con- 
sidered. The counter-pressure line crosses 
the expansion line in both diagrams, but 
these lines are wholly above the atmos- 
pheric line, hence what is generally called 
a loop, and is so understood, does not 
exist here. If the back pressure were re- 
duced, the point of cutoff would be short- 
ened, the terminal pressure would go 
below the atmosphere, causing more cylin- 
der condensation, and the resulting water 
would go into the sewer, causing a direct 
loss of heat. 

As a general rule the cutoff valves on 
an engine must close rapidly“in order to 
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secure best results; but they close slowly 
here and no loss results from it. A more 
sharply defined point of cutoff would give 
a lower terminal pressure, the effect of 
which is explained in the preceding para- 
graph. 


PRESSURE WASTED IN CARRYING A 
UseLess Loap 


The single diagram shown in Fig. 13 
was taken from an engine with a cylin- 
der 12 inches in diameter, the horsepower 
constant of which is 1.6265. The back 
pressure is 5 pounds; therefore, 


1.6265 X 5 = 8 


horsepower is required to overcome re- 
sistance to the passage of exhaust steam, 
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and this is an unqualified loss because the 
steam is not utilized. This engine ex- 
hausts into a feed-water heater and the 
steam which is not condensed in heating 
water passes through a short pipe into the 
outer air; consequently, the back pres- 
sure is undoubtedly caused by contracted 
exhaust ports and passages in the engine. 

The mean effective pressure is 26 
pounds, therefore the average pressure 
above the atmosphere is 


26+ 5=3I!I 


pounds. This demonstrates that about 17 
per cent. of the average pressure as be- 
fore determined is wasted in carrying a 
perfectly useless load. If this were 
eliminated, the point of cutoff would be 
shorter but the terminal pressure would 
not be low enough to form a loop in the 
diagram. Steam users should investigate 
this point when contemplating the pur- 
chase of an engine, as the defect illus- 
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trated in this diagram is a_ constant 
source of expense for which no benefit is 
secured. When more machinery is added 
to this plant, and there is no power to 
spare, this back pressure will become a 
greater detriment than at present, and a 
remedy is not easily secured in such cases, 
as a rule. 

Fig. 14 is a diagram from another en- 
gine with a cylinder 12 inches in diameter. 
The speed is regulated by a throttling 
governor. A peculiar feature of this en- 
gine which is in contrast with the pre- 
ceding case is the efficient way provided 
for allowing the exhaust steam to escape, 
for although the terminal pressure is 
nearly as high as the initial pressure, the 
line falls instantly at the completion of 
the stroke, and the average back pres- 
sure is only 4 pounds. The horsepower 


constant is 1.0988; therefore, it requires 


1.0988 X 4 = 44 


horsepower to dispose of the exhaust 
steam. While this result is as good as 
could be expected with such a high 
terminal pressure, the power thus used 
is a total loss because the steam is dis- 
charged into the atmosphere after a por- 
tion of it is used to heat the feed water. 
The puffs of exhaust steam are sharply 
defined with clear spaces between them, 
which proves that the appearance of the 
exhaust steam from an engine is not an 
indication of its economy in the use of 
steam. 

A peculiar feature of the diagram 
shown in Fig. 15 is that the load on the 
piston caused by resistance to the escape 
of exhaust steam is almost exactly equal 
to the load due to machinery in the shop, 
for this diagram was not taken from a 
direct-acting steam pump, as its appear- 
ance indicates, but from a throttling en- 
gine in a machine shop. It is not neces- 
sary to know the horsepower constant of 
this engine, nor the back pressure in 
pounds, in order to determine the com- 
parative loads, for these are shown at a 
glance by the areas of the spaces which 
indicate these separate loads. 

However, these are given as a matter 
of interest in this connection as follows: 
The cylinder of this engine is 10 inches 
in diameter. The horsepower constant is 
0.6925 and the back pressure is 20 pounds; 
therefore, the load due to back pres- 
sure is 

0.6925 X 20 = 13.85 


horsepower. The indicated horsepower is 
practically equal to this load. If the mean 
effective pressure is 20 pounds and the 
back pressure is the same, what causes the 
piston to move forward? This question 
will be asked by many readers, and in 
reply I would say that the mean effective 
pressure does not represent the force act- 
ing on each square inch of the piston area 
to move it forward. If it did, this engine 
would stand still; but the average pres- 
sure above the atmosphere is 40 pounds, 
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and the back pressure is 20 pounds, conse- 
quently there is no mystery about the re- 
sulting motion. 





Some Recent Developments in 
Marine Safety Valves* 





The phenomenally rapid rate of evapo- 
ration attained by water-tube boilers fired 
with liquid fuel has made the safety- 
valve accumulation tests of such boilers 
an exceedingly onerous business. As is 
well known, the accumulation test con- 
sists of gagging every outlet from the 
boiler, except the safety valves, which 
must then be capable of carrying off all 
the steam generated when burning the 
maximum amount of fuel. 
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The test generally lasts about 30 min- 
utes after everything has settled down, 
and during this time the boiler pressure 
must not rise above a certain predeter- 
mined amount. Otherwise the safety 
valves are deemed to be inadequate for 
their duty, and either larger valves must 
be substituted, or certain other modifica- 
tions made to the valve lips, the capacity 
of valve boxes, or the arrangement, size, 
and number of the waste-steam pipes. 

An interesting series of experiments 
was recently carried out by Cammell 
Laird & Co., Limited, at its Birkenhead 
shipbuilding works, and we are enabled 
to give the results, which in many re- 
spects are remarkable, and indicate a 
striking advance in safety-valve design. 

The boiler was a large unit, of the 
firm’s well known “Express” type, capa- 
ble of evaporating 61,000 pounds of water 
per hour when fired by liquid fuel. 

The safety valve was quadruple, as 





*J. Hamilton Gibson in Engineering. 
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shown in Fig. 1, and, as will be seen, was 
of the usual admiralty type, with ex- 
posed springs. 

A preliminary test showed that the 
safety valves were incapable of carrying 
off the steam without undue accumula- 
tion, even when burning fuel correspond- 
ing to only half power. Calculations 
proved that the circumference and area of 
the valves were ample, but something 
evidently prevented them lifting to the re- 
quired amount. 

That something turned out to be the 
pressure in the valve box above the 
valves, which, though open to the atmos- 
phere through the waste-steam pipe, rose 
to 60 to 70 pounds, and, acting on the top 
area of the valves, tended to keep them 
closed, thus forcing up the boiler pres- 
sure. There was the usual characteristic 
chatter of the valves on their seats, 
caused by the violent fluctuations of pres- 
sure in the box as the valve lips became 
exposed to the dynamic action of the es- 
caping steam. By slightly easing the 
valves with the hand gear, and thus in- 
creasing their lift,,the accumulation was 
kept within reasonable limits. This sug- 
gested the expedient of attaching to the 
easing gear a small piston, working in a 
fixed cylinder, and moved automatically 
by the steam pressure above the valves, 








FIG. 3 


as shown in Fig. 3. The device was suc- 
cessful, but was not considered a practical 
fitting, being extraneous to the safety 
valve itself. It was rightly concluded 
that arly such device should be self-con- 
tained, and form part of the safety-valve 
fitting. 

Accordingly, the modification shown in 
Fig. 4, suggested by Engineer-Commander 
Liversidge, was adopted, and proved en- 
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tirely satisfactory. New covers were 
made, containing on their inside a short 
cylinder, in which worked a closely fitting 
disk, the under side being exposed to the 
variable pressure in the valve box, and 
the upper side open to the atmosphere. 
The disk was rigidly attached to the valve, 
being, in fact, cast with it, and balanced 
the load on top of the valve, so that the 
valves were quite independent of any 
fluctuations of pressure above them, and 
lifted to the full amount permitted by the 
spring. 

The time-honored lips at the rims of 
the valves and seats were cut away; this 
resulted not only in steadying the valves, 
but permitted them to close quietly with- 
out any appreciable drop. Incidentally, 
we may remark that this improvement is 
of equal importance to the increased lift 
attained, as the hammering of the valves 
oti their seats is eliminated, and there is 
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no loss of pressure should the valves blow 
off. Under ordinary circumstances, when 
a safety valve once lifts, it will not close 
again until the boiler pressure has dropped 
some I5 or 20 pounds, unless it is put 
down by hand. 

In the case under notice it was found 
that not only were the four safety valves, 
when fitted with the balancing device, 
quite large enough to take away all the 
steam that could be generated without 
exceeding the limits of accumulation, but 
when one of the valves was gagged the 
remaining three were amply sufficient for 
the purpose. Fig. 5 shows in diagram 
form the results achieved on this boiler 
with only three valves and a single waste- 
steam pipe; whereas it was feared at one 
time that four larger valves would be re- 
quired, with a larger valve box having 
double waste pipes. Referring again to 
Fig. 4, it will be seen that if the diame- 
ter of the balancing disk is made larger 
than the valve, an augmented lift is at- 
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tained. This was clearly demonstrated 
during the series of tests, and offers a 
ready means of increasing the discharge 
while still maintaining the valve at a 
steady maximum opening when the boiler 
is generating steam at, or above, full 
power. ‘ 

On the whole, we think we are justified 
in the assumption that a considerable ad- 


vance has been made in regard to marine 
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safety valves, and that anything tending 
to reduce the size of these important fit- 
tings, which have been growing to ab- 
normal proportions of late, is a step in 
the right direction. 





Reading Ammeters and Voltmeters 


To read an ammeter or voltmeter cor- 
rectly the eye must be over the needle if 
the instrument is in a horizontal position, 
or directly in front of the needle if in the 
vertical position. The error in reading 
due to the wrong position of the eye is 
caused by the fact that the needle does 
not touch the scale. This error may be 
easily prevented by use of a mirror in 
the scale card. By looking at the needle 
and mirror so that the needle hides its 
own reflection, the correct reading will be 
obtained. 

In order to avoid undue injury to 
instruments and incorrect readings the 
instruments must be handled carefully; 
they must be mounted away from all 
dampness and excessive heat; when tak- 
ing measurements an instrument must not 
be placed on a generator; direct-current 
meters should not be tried on alternating- 
current circuits, and vice versa; the glass 
front of a meter should not be rubbed 
immediately before taking readings be- 
cause the pointer may be influenced ‘by 
static currents; violent swinging of the 
pointer caused by the sudden application 
of excessive current is liable to damage 


the instrument. 4 
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Engineering in the Eighteenth Century 


Interesting Facts about Steam Engineering Practice One Hundred and 
Fifty Years Ago, with Illustrations of the Quaint Engines Used 





BY EDWARD 


The best cure for pessimism is to take 
a look back one or two centuries into the 
days of rack and thumbscrew. The best 
answer to the man who claims that this 
is not an enlightened age, mechanically, is 
to tell him something about the century 
before last. Just why steam engineer- 
ing so long remained crude and unde- 
veloped may be open to differences of 
opinion, though the prevailing view seems 
to be that it was because mankind were 
awaiting the appearance of Power. 

Records of eighteenth-century engi- 
neering are scarce, chiefly for the reason 
that there was then so little to record, 
‘but also because comparatively little of 
what then was done became embalmed 
in print. Specialized practical mechanical 
journals were, of course, unheard of. 
When an inventor was smitten with an 
uncontrollable attack of “itch for scrib- 
bling” he relieved himself either by writ- 
ing a letter to the newspapers or else by 
seeking the patronage of some noble and 
“easy” lord for the wherewithal to con- 
fide his lucubrations to the public in 
pamphlet form. 

For this reason it is a happy discovery 
when we unearth the files of any old 
periodical treating even occasionally upon 
engineering subjects. Probably not many 
readers of Power have ever perused The 
Universal Magazine of Knowledge and 
Pleasure, a sixpenny monthly which was 
published in London, by J. Hinton, and 
lasted from 1747 to 1803, or longer. Many 
of its numbers contain descriptions, with 
copper-plate illustrations, of machinery 
used in its day, and these articles, 
although intended for popular reading, 
are presented technically enough to be 
instructive for the engineer. A _ set of 
the magazine constitutes, therefore, a 
most informing history of engineering 
progress in the eighteenth century. It is 
from skimming such a file that I pro- 
pose here to serve up the cream. 


THe NEwcoMEN ENGINE 


In the very first volume of the maga- 
zine we find an elaborate description of 
“The Engine to raise Water by Fire’— 
in short, a Newcomen steam engine 
(Plate 1). Its writer may tell the tale 
in his own language: 

“To the Authors of The Universal 
Magazine, Gentlemen: 

“T have observed in the Circle of my 
Conversation that it appears very mys- 
terious to those who are not learned in 
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Hydraulics, how a Town or a House can 
be supplied with Water from a River, or 
Spring, that is in a Situation much below 
the Place into which it runs; when it 
is very certain that Water is of that heavy 
Nature as always to descend, when left 
to its own Course. Therefore I have sent 
you inclosed a Draught and Description 
of an Engine invented for this Purpose. 
And, though there are many other Sorfs, 
I have rather selected this particular 
Engine because it is the most admirable, 
curious and compounded Machine amongst 
all those Inventions which have been 
owing to modern Philosophy, and affords 
the greatest Advantages to Mankind; as 
could be exemplified from the Water 
works near Chelsea, on the West of this 
great City, and again by those lately 
erected near Stratford in Essex, on the 
East of London, which are able to sup- 
ply the adjacent Country, several Miles 
in circumference, with the necessary Pro- 
vision of good and wholesome Water, at 
a moderate Charge, which before was 
wanting, both for household Service and 
in the Danger and Loss by Fires. To this 
I could add the Impossibility of working 
several Collieries without its Assistance, 
as the Proprietors of Elsick, Heaton, 
Biker &c. near Newcastle upon Tyne, can 
bear me witness. This Engine also is 
improveable for many other great and 
valuable Uses, as the Reader will be 
able to judge, when he has well consid- 
ered what follows. 

“About the year 1663 the Marquis of 
Worcester, having proposed, in print, the 
raising of great quantities of water by the 
force of fire, or by turning water into 
steam, mentioned an engine of that kind, 
at that very time in being, which could 
raise a continual stream, like a fountain, 
40 feet high, by the means of two cocks, 
which alternately and successively were 
turned by a man to empty the hot, and to 
force and refil the vessel or cylinder with 
cold water, the fire being continually kept 
up; I must adjudge this invention to 
that noble Lord, tho’ it must with justice 
be confessed that it has received many 
improvements since his time. 

“This invention, great as it was, lay 
dormant, till Capt. Savery, treasurer to 
the sick and wounded office, having read 
the Marquis’s book, took the hint, and 
pretended to find out the secret of nature 
by such a chance as upon experiment is 
found could not give him any such idea; 
and to secure the credit therevf to him- 
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self, he bought up, and burnt all the 
Marquis’s books he could find. Thus 
Capt. Savery claimed the credit of this 
machine to himself, and obtained a pat- 
ent for the sole erecting thereof, as | 
have been told.” , 

Our writer informs us that the captain 
made a good many experiments to bring 
this machine to perfection and that he 
erected several with good success on 
gentlemen’s estates, but “he could never 
bring it to bear for working of coal pits 
or mines, or to supply towns with water, 
where the water was to be raised high 


. and in great quantitiqs; because such a 


work required a steam too dangerously 
strong to be attempted in his way. 

“These discouragements had certainly 
sunk this necessary machine into oblivion 
had not Mr. Newcomen, an ironmonger, 
and John Crowley, a glazier, at Dart 
mouth, about 35 years ago removed the 
objections, by improving it to its present 
state, or rather by inventing a new ma- 
chine, which is the same you perceive 
herewith. 

“This improvement differs much both 
in point of method, and in regard to the 
force of the engine first erected; but yet 
it is wrought by the same power, which 
is the expansion of water into steam, 
raised by fire. 

“Now to describe this engine: B is a 
large boiler, whose water is converted 
into steam. CC.is the cylinder. Dd a 
pipe, about 4 inches diameter, joins them 
together; on the lower orifice of which, 
within the boiler, moves a broad plate E, 
by means of the steam-cock or regulator 
10, which keeps in or lets out the steam 
occasionally. 

“The steam of the boiler ought always 
to be a little stronger than the air, that, 
when let into the barrel CC, it may be a 
little more than a balance to the pressure 
of the external air, which keeps down 
the piston at dm. The piston being by 
this means at liberty, the pump-rod will 
by its great weight, of at least 9 or 10 
hundred of iron, descend at the opposite 
end to fetch a stroke; but, as the piston 
and weights at the other end do not ex- 
ceed half that weight, the end of the lever 
at the pump will always preponderate, 
and descend when the piston is at 
liberty. 

“When the piston, by pulling back the 
handle so is got up to the C, or a little 
higher, the plate of the regulator stops 
all communication of steam with the 
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cylinder. Then the lever, commonly 
-alled the F, under the said handle, must 
be lifted up, so as by its teeth to turn 
the key of the injection-cock at N, and 
that will permit the water brought from 
the cistern g, by the pipe g M N, to enter 
the bottom of the barrel at n, which jet 
of cold water being driven all over the 
cylinder, condenseth the steam into water 
again by its coldness; and, as by this 
means its bulk is become 14,000 times less 
than it had when steam, it makes a 
Vacuum sufficient for the pressure of the 
atmosphere to act again unbalanced, and 
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chance to be too full will run down the 
pipe V to the waste well at Y. 

“Ff is a pipe about 3 feet long, going 
a foot within the water in the boiler, to 
supply the water which is wasted in 
generating steam; F is a cup at the top 
of this pipe, and is supplied with tepid 
water from the cup 7 at the top of the 
cylinder. G represents two Gages of dif- 
ferent lengths, to prevent the surface of 
the water from being too low or too high; 
which is known thus. If the stop-cock 
of the shorter pipe, being opened, gives 
only steam, and that of the longer, only 
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than the air, may burst the boiler. The 
method of trying this strength is to lay a 
piece of lead fastened to the wire upon 
the valve, and if the steam shall raise up 
more than 15 pounds weight of lead to 
an inch square (which is the weight of 
air, nearly, on every inch (square) it is 
known to be stronger than the air. For, 
tho’ the steam is of a variable strength, it 
is never I/10 stronger or weaker than 
common air, it having been found by 
experience, that an engine will work well 
with one pound weight on every square 
inch of the valve b. A proof that the 
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PLATE I. 


to raise the other end of the beam with 
its pump to discharge the water at p. 
And this whole operation of opening and 
shutting the steam-regulator and _ injec- 
tion-cock, being performed in little more 
than 3 seconds, it will easily produce 16 
strokes in I minute. 

“The cistern g is supplied with water 
from a well or pit near the mouth p, by 
means of pistons and the pump-rod k, 
fastened to the arch x, and, that the 
leathers of the piston C may be always 
air-tight and supple, it is supplied with a 
small stream of water by the arm z from 
the pipe M. The J at the top of the 
cylinder is a cup or hollow to hold the 
water that lies on the piston, which if it 
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water, all is right; but if both cocks give 
steam, then the surface is too low; or, 
if both give water, it is too high. Hence 
the cock which feeds the boiler at F may 
be opened to such a degree, as always to 
keep the furnace of water to its proper 
height. 

“dT Y is the Eduction-pipe to carry 
off the cold water ejected into the cylin- 
der to condense the steam. It is turned 
up at the bottom in the well Y, with a 
valve to prevent the air pressing up into 
the pipe, which might hinder tlie dis- 
charge of the water. 

“b is the puppet-clack, or a valve to try 
the strength of the steam; which, if it 
be too strong, or immoderately stronger 


PLATE 2. THE SAVERY ENGINE 
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steam is 1/15 [or 1/13?] stronger than 
common air. 

“The small pipe 4, on which is a small 
cup, is called the snifting-clack, and 
serves to let out the air injected with the 
water; which precipitated air is forced 
into this pipe, as the steam rushes into 
the cylinder, being a little stronger than 
the outward air. 

“In the infancy of this mechanical in- 
vention, the regulator and injection-cock, 
as I hinted before, were managed by a man, 
which made it subject to severalcasualties ; 
but they are now avoided, by contriving 
that the engine itself is made to open and 
shut them, more nicely than any man what- 
soever could possibly pretend to do. 
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“Thus you see a chain fixed to the arch 
Z, at a proper distance from‘ the arch P, 
to which chain is hung a working-beam 
Q. This beam goes quite down into a 
hole in the ground, which it exactly fits. 
This piece has a long slit in it, and sev- 
eral pin-holes and pins, for the move- 
ment of several small levers, by which 
the said cocks are opened and shut, as 
the service requires. It is called the 
W orking-plug; which being once set a 
going according to art, this engine is most 
harmless and manageable of all others. 

“This machine thus prepared, and set 
a going, may work about five hours upon 
a stretch. It will of itself give notice 
when to stop working; for, if you per- 
ceive the Gages, as mentioned before give 
steam, you must replenish the boiler, or 
it will be in danger of bursting, for want 
of a due supply of water. 

“T will therefore conclude this: theory 
of the Engine to raise water by Fire, with 


POWER AND THE ENGINEER. 


practice; for with large boilers, the pis- 
ton will make 20 or 25 strokes per min- 
ute; and a pump of nine inches bore will 














PLATE 3. WORKING MINE WITT NEW- 
COMEN ENGINE 

discharge more than 320 hogsheads per 

hour: So every other size in proportion.” 








A CALCULATION OF THE POWER OF FIRE-ENGINES. 





63 GAL- | 
LONS TO A| os 
HoGsHEAD| 


DIAMETER OF 
Bore. 
Witt Hoip In 
A YARD. 
WEIGHS IN 
OnE YARD. 
AT SIXTEEN 
STROKES A 
MINUTE 





| 





| 


Lb. 


Aver.) Gal. 





.| Gal. | Gal. Hog. Gal.) Hog. Gal. 
14,4 | 28,8 
12,13) 24 

10,02) 20,04) 
8,12) 16,2 
7,26 14,5 
6,41) 12,8 





146 | 462 





DOH awe 








Ne WOR Coe 


bt bobo 60 Co on 
[-2) 
a 
oe 
a 
wo 
CORR Re NNN WwWRUOs! 


CORON 10000 
NWRONW POO 


oe 
| 2 | 
| 51 | 








2 
B17 |192/22 |242'263/28 
= 154 


S 
—— 


_—— 


THE DeptTus IN YARDS. 


| | 

115 |20 25 30 35 40 45 50 60 70 80 90 /100 

SS a a a 

184.213 24 pep eops2nees 37440 | 

28 |293314343 37 [393 

15418 20 22 233/25427 28331433236 38 |40 

14 |164/18 20 21423 [244 25 28 304/33 364 
134 154/174.19 203.213/23 24 264/284 

(124 144/164 18419 204/214:23 (25 27 

15 16418 19 (20 21423325 

15$ 163 183/19 20422 24 

14 |154 16418 19 (20 22 

12 

11 

10 


11313 13314 |153 163 
11 113/12 13414 |15 |1 
| 9 |10 jt2 11412 134 











AN EXAMPLE FOR THE USE OF THE TABLE. 


Suppose you require 150 hogsheads per hour, 


at 90 yards deep; in the 7th column I find the 


nearest number 149; and against it, in the first column, I find a 7-inch bore for the pump; then under 
the depth 90, on the right hand, in the same line, I find 27 inches for the diameter of the cylinder, 


fit,to raise 150 hogsheads per hour. 


And thus any other number in this table may be found. 








Mr. Henry Beighton’s most curious and 
useful table to calculate the power of 
fire-engines, according to the various 
diameters of the cylinder, and bore of 
the pump, that are capable of raising 
water from 48 to 44@ hogsheads per 
hour, at any depth from 15 to 100 yards. 

“He founds his calculation upon this 
principle, That the ale gallon of 282 cube 
inches of water weighs 10 pounds 3 
ounces avoirdupois, and a_ superficial 
square inch is pressed with the weight 
of 14 pounds 13 ounces of air, when 
of a mean gravity. But, allowing for 
several frictions, and to give a con- 
siderable velocity to the engine, it is 
found by experience, that no more than 
8 pounds of pressure must be allowed 
to an inch square on the piston in the 
cylinder, that it may make about 16 
strokes, about six feet reach, in a minute. 

“But it must be also observed that 
these calculations are only for common 


THE Savery ENGINE 


Twenty-seven years after its account of 
the Newcomen engine, the Umwversal 
Magazine, February, 1774, contained a de- 
scription of the older type of engine ex- 
ploited by Capt. Savery. This later arti- 
cle cites the former one as if only a short 
interval had intervened since its publica- 
tion, and the incident thus furnishes 
striking evidence of the lack of progress 
in steam engineering at that period— 
aside, of course, from Watt’s researches, 
which are another story. Referring to 
Plate 2, I quote: 

“The method of constructing a fire-en- 
gine according to the original institution 
of the Marquis of Worcester and Captain 
Savery, wherein the water was to be 
raised solely by the pressure of elastic 
vapor or steam, is very useful and very 
cheap in respect to the other sort, and, 
when the height to which the water is to 
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be raised does not exceed one hundred 
or one hundred and fifty feet, then this 
engine is applicable with great advantage, 
it requiring but a small fire, not bigger 
than what is generally used in a parlour- 
chimney; is of a very simple and easy 
structure, and admirably adapted for sup- 
plying a Gentleman’s house with water, 
and for playing of fountains to a very 
great height. 

“A is a boiler; it has a copper cover 
screwed on, which contains the steam pipe 
GG, and two gage-pipes C; on the cover 
at C is a valve, over which lies a steel- 
yard with its weight to keep it down, the 
strength of the vapour being this way 
most exactly estimated. - 

“The steam iS carried from the boiler 
to a copper vessel H by means of the pipe 
GG, and is let into the same by turning 
the handle L. 

“The receiver H communicates at bot- 
tom to the sucking pipe JB going down 
to the water in the well R, and above 
with the forcing pipe O O: Between these 
two pipes are two valves, N P, both open- 
ing upwards. The steam, being let in 
upon the water of the receiver H, forces 
it up through the valve O and the pipe 
O O to the reservoir S. The steam in the 
receiver is condensed by a jet of cold 
water coming from the forcing pipe by 
the small tube X Y Z; the handle turned 
from Y admits a passage to the steam 
into the copper receiver H: This steam in 
the receiver is condensed by a jet of cold 
water being let in and shut off by a cock 
at Y. The steam, being condensed by 
this jet, will be reduced within a very 
small space, and so make a vacuum, upon 
which the water in the well will rush up 
the forcing pipe to restore the equili- 
brium, and thus again fill the receiver H, 
the little air being compressed within a 
small compass at the top of the re- 
ceiver H. 

“FF are registers for regulating the 
fire in the furnace: B is a cock inserted 
into the boiler: D is the hearth, and E 
the ash-hole. 

“TV is a pipe for carrying back the 
water in the reservoir S, when this in- 
strument is used only for making experi- 
ments: QS, is the frame of the instru- 
ment.” 


IMPROVED METHOD OF APPLYING THE 
Power OF A NEWCOMEN ENGINE 
IN MINING 


In February, 1782, we find shown “A 
new Machine, or Fire Engine, invented 
by Mr. Hunt, of London, for draining 
Mines and Coal Works, and at the same 
Time raising the Ore or Coal from the 
Bottom of the Mine to Surface, without 
the assistance of any additional Fuel.” 

This improved mechanism dispensed 
with the use of a number of horses re 
quired under the older, and less economi- 
cal system. To Plate 3 are given the fol- 
lowing references: 

“(A.) The common steam, or fire 
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ngine, for 
vorks. 

“(B.) The force-pump, which receives 
the water that is raised from the mine 
by the main pump (C.) and forces it up 
into the large back or cistern (D.) 

“(E.) The water-wheel. The wheel is 
of a peculiar construction; having two 
tiers or rows of buckets, the one formed 
with their mouths upwards, the other 


draining mines and _ coal 
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Joun Cooxe’s Rotary STEAM ENGINE 


This simple machine is found in the 
Universal Magazine, 1796. I illustrated 
it in Power, April, 1904, but it will bear 
repetition. Referring to Plate 4, the rotor 
of the engine is a closed cylinder pro- 
vided with hinged blades which open to a 
radial position or fold flat on the circum- 
ference as the wheel turns. Steam enters 
the casing at the lower left-hand corner 
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“Ab, the shaft or axle-tree of the en- 
gine, 24 feet long and 24 inches diameter. 

“C, C, C, C, an undershot wheel, 30 feet 
diameter; its ladles 18 inches broad and 
12 feet deep; the fall seven feet. 

“D, E, F, G, four moveable rings or col- 
lars placed on the shaft, three feet diame- 
ter, six inches broad. 

“H, I, K, L, four forcers, rising and 
falling alternately by means of those col- 
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PLATE 4. COOKE’S ROTARY STEAM ENGINE 


with their mouths downwards; by which 
means the wheel is made to move alter- 
nately by the right and left. On the same 
axis that carries this water-wheel, an- 
other wheel is fixed, (but of smaller di- 
mensions) by which the rope is coiled or 
wound round, at the end of which are 
suspended the buckets that bring up the 
ore or coal. These buckets, by the alter- 
nate motion of the water wheel, con- 
stantly ascend and descend. 

“(F) A strong wooden lever, which 
being pressed hard against the edge of 
the water wheel, by means of a man 
pulling a rope, immediately stops its mo- 
tion, and gives time to the man who 
attends to unhook the loaded buckets. 

“(GG.) The*two levers belonging to 
the sluice-gates, which being alternately 
pulled up, let out the water on the main 
wheel or water-wheel. 

“(F.) A strong wooden lever, which 
two feet below the surface of the earth, 
to receive the water that is pumped up 
from the mine or pit by the main pump. 
Into this cistern the lower end of the 
force pump is fixed.” 

















and is exhausted at the lower right-hand 
corner. The rod b is a connecting rod 
from a crank upon the axis, to work the 
condenser, i.e., presumably, to drive a 
circulating pump. 


Tue ArT OF PIPING 


A machine for boring pipes was de- 
scribed (February, 1754) and is shown 
in- the accompanying Plate 5. The water 
wheel in the southwest corner of the 
picture drives a set of cog gearing with 
results which are pretty apparent upon 
inspection. The pipe is made of a 
wooden log held on a carriage which is 
advanced to meet the auger by a ratchet- 
and-pawl feed. The pawls, Hil:, which 
pull and push respectively, are shown in 
an enlarged detail view. The auger is 
9 to 12 feet in length and “of a propor- 
tionable bigness.” 

The same plate contains figures show 
ing several varieties of piping used at the 
time it was published. T is burnt earthen 
piping; M lead piping; N flanged cast- 
iron piping; O wooden piping; P wooden 
piping of a larger size. In the northeast 
corner will be seen some sections of iron 
piping with bolts and wrench indicating 
the manner in which they are to be 
coupled. 


HoLiaNnp’s QUADRUPLE Pump 


An ingenious hydraulic machine was 
illustrated in August, 1755, designated as 
“Mr. Holiand’s Engine, at Lord Tinley’s, 
for raising Water.” We perceive in 
Plate 6: 


PLATE 5. PIPING AND ITS MANUFACTURE 






































PLATE 6. HOLLAND’S QUADRUPLEX PUMP 


lars, having four chains fastened to the 
collars and the tops of the forcers, as 
represented at W, X, Y, Z. The forcer L 
is cut off to shew the chain more dis- 
tinct. As the collar G moves (with the 
wheel and axis) half-round towards you, 
the chain Z, fixed at one end to the lower 
part of the collar G at 2, at its other end 
at the top of the forcer L;, will pull down 
the forcer Li four feet and a half; and 
at the same time, a chain /, fixed to the 
head of the forcer Li, and to the head K, 
pulls up the forcer K four feet and a 
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half; by which time the collar G will have 
carried its trigger 2 up to the bar 71, 
which will unlock its trigger; and the 
trigger 3, in the collar F, will be brought 
backward down to Y, and there lock the 
collar F. Then, the motion continuing, 
K will be depressed four feet and a half, 
and the chain JJ, over the pulley R, will 
raise L four feet and a half. And thus 
the two forcers and collars continuing ris- 




















PLATE 7. HEATING A GREENHOUSE 
ing and falling, moving forwards and 
backwards, locking and unlocking alter- 
nately. 

“And in like manner, the other two col- 
lars, D & E, move with their forcers, 
H and J. 

“But to prevent one collar’s moving 
the backward way, faster than the other 
moves forwards, there is a gauge-chain 4, 
fixed to the collar G, passing over an- 
other pulley 7, to the collar F at 5, which 
regulates their motions. These chains are 
lengthened or shortened by screws, as 
occasion requires. 

“M, N, O, P, are four brass cylinders, 
or pumps, seven feet long; the bores of 
M and N are six inches diameter, and 
those of O and P seven inches and one- 
quarter; having, at /, J, 1, l, each a valve 
below, which are for taking in the water; 
and at m, m, m, m, valves in the hori- 
zontal parts. 

“The branches mn, mn, mn, mn, com- 
municate the water of their two forcers 
by mn, mn, and so with two pipes, o, 1. 
These two pipes o, n, join together, at a 
small distance beyond what is represented 
on the plate, so that the whole water is 
forced along one pipe; which makes a jet 
d’eau of seventy feet, and raises the water 
to the house about seventy feet perpen- 
dicular. . 

“Ninety-five hogsheads are forced up, 
per hour, to the jet d’eau, and forty-seven 
to the garden. 

“g, h, are two cisterns, supplied by a 
pipe p, to keep the forcers or pistons 
always wet. 

“abcdef is a frame of wood to carry 


POWER AND THE ENGINEER. 


the pullies Q, R, S, T, and the bars i, i, 
and K, K. 

“The water-wheel goes about five times 
per minute to force the water to the 
house; and three, when the water is 
raised eighty feet to the gardens.” 

I would respectfully call Mr. Holland’s 
attention to a book of machines published 
by Agostino Ramelli in 1588, which 
shows a pump of startling similarity in 
appearance. 

* 


“MACHINE To TRAVEL WITHOUT HorsES” 


The foot-power cycle, even with some 
of its more complicated modern features, 
was known long ago. Several such vehi- 
cles ate described in the Universal Maga- 
sine. One of them, illustrated in 1774, 
was the invention of Mr. Ovenden. It 
comprised a four-wheeled carriage in 
which one or two gentlemen could ride 
at pleasure while a footman, seated be- 
hind, trod upon levers actuating the rear 
axle by ratchet clutches after the manner 
of the old “Star” and “Springfield Road- 
ster” bicycles of our boyhood days. “The 
above machine,” says the writer, “is 
doubtless the best that has hitherto been 
invented, since it is capable of travelling 
with ease, six miles an hour; and, by a 
particular exertion of the footman, might 
travel nine or ten miles an hour on a 
good road, and even would go up a con- 
siderable hill where there is a sound bot- 
tem. But this carriage is in general only 
calculated for the exercise of Gentlemen 
in parks or gardens, for which it answers 
extremely well.” 
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built into their walls, and the arrange- 
ment of the flues. See Plates 7 and 8. 

Nor were there lacking power-driven 
blowers for ventilating purposes. Such 
a system was installed for changing the 
air of Newgate prison, which had become 
a stench in the noses of citizens dwelling 
in its vicinage and, worse yet, found its 
way into the courthouse, jeopardizing the 
health of honorable judges and counselors 
learned in the law. To these circum- 
stances may be attributed the philan- 
thropy which prompted the installation, 
for it would have been more consistent 
with the penal discipline of that period 
-to pump foul air into the jail than to re- 
move it. 

The ventilating blowers, as described in 
the magazine for June, 1752, and April, 
1764, comprised rectangular boxes with 
hinged diaphragms inside and _ crude 
valves. On the prison building, adorned 
with statues of Justice, Mercy, Truth and 
Liberty, was mounted a windmill to drive 
the blowers when the wind blew. The 
system did not prove a wild and delirious 
success. 

I fear that the editer will not allow me 
space to describe any more of the antique 
mechanical contrivances that are found 
in the volumes of the old magazine. 
Among the subjects described and illus- 
trated are a windmill in a smokestack; 
a testing outfit for “examining the good- 
ness and strength of ropes;” a rolling and 
slitting mill; a paper mill; the working 
of iron mines; clock and watch manufac- 
ture and electrical experiments; also 
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PLATE 8. ANOTHER GREENHOUSE HEATING SYSTEM 


One might have supposed that it was 
the footman who got the exercise. 


FURNACE CONSTRUCTION, VENTILATORS, 
ETC. 


Long before the days of steam heating 
the art of warming greenhouses was 
known. From the magazine for March 
and May, 1751, are taken two illustra- 
tions showing hothouses with furnaces 


many improved agricultural machines 

To the eighteenth century must be 
allowed credit for making the steam en 
gine an accomplished fact, and that is no 
small praise. Yet otherwise we are im 
pressed with the stagnancy of mechanical 
arts in that period. From the eighteenth 
to the nineteenth centuries engineering 
progress was vastly greater than for 
several hundred years previous. 
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Purge Device for Ammonia 


Condensers 





By F. E. MatrHews 





Given two batteries of ammonia con- 
densers, one of eight and the other of 
two stands, with %-inch purge valves on 
the discharge lines leading to each sepa- 
rate stand of condensers: If the '%4-inch 
valves be connected to a header leading 
to a vertical cylindrical tank 10 inches in 
diameter by 6 feet high, over which cool- 
ing water is run, would it be possibie to 
blow off the air without shutting down 
the plant? Will the tank fill up with 
gaseous ammonia? Will the cooling water 
be necessary? Can the valve at the bot- 
tom of the tank be left open all the time? 

In answer to these questions it may be 
said that the object of purge valves on 
an ammonia condenser’ is to enable the 
engineer to blow off the permanent gases 
that accumulate in the system. These 
gases may be of two different origins. 
They may be due to the decomposition of 
ammonia, in which case they constitute 
a mechanical mixture of hydrogen and 
nitrogen, or they may be little more than 
air which has got into the system acci- 
dentally when some part has been opened 
up for repairs, or through leaks around 
ihe ammonia rods when a vacuum has 
been pumped on the system. 

Now, it is a common fallacy that air is 
lighter than ammonia and that it will ac- 
cordingly flow to the highest point in the 
system, or more accurately speaking, that 
it will be freed to the top because of the 
tendency of the heavier gases to gravi- 
tate to the lower parts of the system. 
This fallacy is particularly in evidence in 
view of the fact that almost everyone 
implies a knowledge to the contrary by 
looking for more pure air near the floor 
when necessity requires that they work 
in an atmosphere heavily saturated with 
ammonia. 

Compared to air the specific gravity of 
ammonia is 0.589, which means that, other 
things being equal, the ammonia of an 
air and ammonia mixture will flow to the 
top and the air to the bottom of the con- 
taining vessel. Air does, nevertheless, 
collect in the condenser whether it be the 
highest point in the system or not. The 
reason for this is that it is carried along 
with the ammonia gas, and the gas, be- 
ing liquefied in the condenser under the 
proper conditions of temperature and 
Pressure, leaves the air behind. It might 
tend to gravitate out of the condenser at 
the bottom, but it would be prevented 
from doing this by the presence of the 
ammonia, which, although it is 
‘omparatively light for a liquid (having 

specific gravity of 0.6 as compared with 
I tor water), is still many times heavier 
han air. Furthermore, ammonia _ con- 
densers are usually built so that the out- 


liquid 
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lets are liquid-sealed, making the escape 
of a gas in that direction impossible. 

As a matter of fact, the permanent 
gases most commonly encountered in am- 
monia-refrigerating systems are the hy- 
drogen and nitrogen resulting from the 
decomposition of the ammonia. The 
hydrogen constituent will rise to the top 
of the condenser because of its lightness 
compared to nitrogen or even to the am- 
monia. As compared to air taken as 
unity, the specific gravity of hydrogen is 
0.06926, that of nitrogen is 0.971 and that 
of ammonia 0.6. 

From the preceding it will appear that 
there should be no difficulty in purging 
off the hydrogen content of the con- 
denser, but that nitrogen and air would 
be somewhat more difficult to dispose of. 
It would also appear that such would also 
be the case if the purge line of the con- 
densers was equipped with the device 
previously described. Even the hydrogen 
which enters the condenser with the am- 
monia in comparatively small quantities 
would find difficulty in separating itself 
from the ammonia sufficiently to enter the 
purge line as it is passing it on its way to 
the condenser, and it certainly would 
never find its way back against the tide 
of incoming gas while the system is in 
operation. The other gases would un- 
doubtedly tend to enter the condenser 
and to settle gradually to the bottom 
pipes. 

What would seem to be the rational 
method of getting rid of all the fixed 
gases, including not only the hydrogen, 
but also the air and nitrogen, would be 
to shut off one of the twelve stands of 
ammonia at a time. This would amount 
to only about 8 per cent. of the total 
condensing surface and would probably 
not result in a prohibitively high head 
pressure if the machine were allowed to 
operate at full speed. If the head pres- 


_sure did become abnormal, a reduction of 


speed of not to exceed 8 per cent. would 
remedy the trouble. The water should 
be left running over the closed condenser 
stand until it is thought that the ammonia 
gas is well liquefied. The purge valve 
may then be opened and the gases be 
allowed to escape, preferably through a 
small rubber hose, into a pail of water. 
The opening of the purge valve will pro- 
duce a reduction in pressure within the 
condenser, and the reduction in pressure 
will allow some of the liquid ammonia 
lying in the bottom of the condenser to 
vaporize, expand and push the unlique- 
fied gases in the upper coils of the con- 
denser out of the purge valve. On ac- 
count of the small cross-section of the 
condenser pipe the tendency for inter- 
mingling of the gases is but slight, and 
not only the lighter but the gases heavier 
than the ammonia will be expelled. All 
of the permanent gases can be easily 
recognized, as they will escape in the form 
of bubbles from the water in the pail. 
The presence of ammonia is also readily 
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recognized since it goes into solution im 
the water with a crisp crackling noise 
and no bubbles will appear. 

In more specific reply to the questions, 
it may be said that some of the hydrogen 
gas resulting from decomposition of the 
ammonia could undoubtedly be blown off 
from the tank while the plant is in opera- 
tion, but it is doubtful if nitrogen, or air, 
or even all of the hydrogen would find 
its way back from the condenser against 
the stream of incoming hot gas and rise 
against other gases of greater specific 
gravity (except in the case of the hydro- 
gen) and eventually collect in the purge 
chamber. 

If such a device were employed there 
would be no objection to leaving the valve 
at the bottom between the tank and the 
purge header open all the time. In fact, 
the segregation of the permanent gases 
would be so slow that the tank would 
not be at all effective unless left open to 
the system for some time. 





Washing and Coking of Rocky 
Mountain Coals 


Investigations conducted at the fuel- 
testing plant of the United States Geo- 
logical Survey at Denver, Colo., during 
the fiscal year 1908, into the washing and 
coking of the coals of the Rocky moun- 
tain region have just been reported upon 
by the survey. In the time that the plant 
has been in operation results have been 
achieved which will prove of the great- 
est importance to the entire western part 
of the country. Of 37 coals tested from 
the Rocky mountain region, all but three 
produced good coke under proper treat- 
ment, although a number of them had 
been considered noncoking. 

A bulletin detailing the tests conducted 
at the Denyer plant by A. W. Belden, G. 
R. Delamater and J. W. Groves has just 
been issued by the technologic branch of 
the Geological Survey. In this bulletin 
the following general statement is made 
by Mr. Belden: 

“The investigations described in this re- 
port were undertaken by the Government 
for the general purpose of increasing effi- 
ciency in the utilization of the fuel supply 
of the United States by devising improve- 
ments in washing and coking coals, these 
being two of the methods of conserving 
one of the country’s most important natu- 
ral resources. 

“Specificially, the washing tests of coal 
were made to determine the possibility 
of so improving the quality of the coal 
as to render it available for the produc- 
tion of coke, for the coal used in coking 
must be as free as possible from ash, sul- 
phur and other impurities, because of its 
prospective use in metallurgical processes. 
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The coking tests were made to determine 
the possibility of utilizing the various 
coals in this way, or to devise improve- 
ments in coking practice. The washing 
tests have already demonstrated the fact 
that many coals which are too high in 
ash and sulphur for economical use un- 
der the steam boiler or for coking may be 
rendered of commercial value by proper 
treatment in the washery. The coking 
tests have demonstrated that many coals 
which were not supposed to be of eco- 
nomical value for coking purposes may be 
rendered so by proper treatment in the 
washery and coke oven. Of more than 
100 coals from the Mississippi valley and 
the Eastern States, some of them re- 
garded as noncoking, which had _ been 
tested at St. Louis in 1906, all except six 
had been found, when carefully manipu- 
lated, to make fairly good coke for foun- 
dry and other metallurgical purposes, and 
similar results with Western coals have 
been now obtained at Denver. 

“The tests detailed in this bulletin are 
a continuation of the work started several 
years ago in St. Louis at the Govern- 
ment fuel-testing plant there. On the 
completion of the work at St. Louis the 
writer made a trip through the Rocky 
mountain region for the purpose of 
selecting a site for washing and coking 
tests on coals of the western half of the 
United States, with the hope of getting 
into closer touch with the fields from 
which little or no coal had been received 
at the testing plant in St. Louis. 

“The different points available were 
visited, and after investigation Denver 
was selected as the most suitable on ac- 
count of its central location and railroad 
facilities.” 





The Truth About the Small 
Reciprocating Engine 


By Wittiam E. Snow 


Ever since the days of Newcomen and 
Watt the minds of the ablest engineers 
have turned to the problem of the efficient 
transformation of heat energy into work. 
The efforts of such men as Corliss, Por- 
ter and Reynolds have made the recipro- 
cating engine of today a perfect product. 
Question any present-day engine builder 
and he can tell you to a nicety just how 
many pounds of steam per horsepower his 
engine requires, and the advantages of 
superheat, vacuum, etc., and he can pro- 
duce copies of tests galore to prove the 
correctness of his figures. 

All this information is very interesting 
and is, in the case of medium- and large- 
sized engines, a fair indication of their 
performance under actual working con- 
ditions. In the case of the small engine, 
however, these figures are of little value 
to the prospective purchaser. In fact, in 
many cases they are extremely mislead- 
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ing, based as they are upon engines cut- 
ting off at % or % stroke, a condition 
under which small engines are seldom 
installed to operate. Keenness of compe- 
tition has forced the manufacturer to in- 
stall his small engines to operate on 
4, % and in some cases even % cutoff. 
By this means a smaller engine can be 
used to deliver a given horsepower than 
when operating on the more economical 
cutoff of 1% or % stroke, and the engine 
can be sold at a correspondingly lower 
price. 

The purchaser may be perfectly aware 
that his engine will use more steam on 
the longer cutoff, but does not know how 
much more, and therefore frequently tries 
to delude himself with the idea that the 
saving in initial cost effected with the 
smaller engine fully offsets the increase 
in steam consumption due to the later 
cutoff. Frequently not even the sales- 
man knows the exact per cent. of in- 
crease in the steam consumption due to 
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the later cutoff, his knowledge being ob- 
tained mainly from the standard-per- 
formance tables of the manufacturer, 
which are invariably based upon engines 
cutting off at 4% or % stroke and give no 
figures for the later cutoffs. 

The relative increase in steam consump- 
tion due to these later cutoffs will be seen 
in the accompanying chart. The line a 
shows the steam consumption of simple, 
noncondensing engines ranging in size 
from 5 to 100 horsepower, when operating 
on a steam pressure of 125 pounds gage 
at % cutoff. The lines b, c and d show 
respectively the steam consumptions at 
4, ¥% and % cutoff. 


Wuat It MEANS TO THE PURCHASER 


To see what this means to the pur- 
chaser in actual dollars and cents, take 
the case of a 50-horsepower engine. The 
steam consumption of an engine of this 
capacity operating on % cutoff, as indi- 
cated by the line a, is 37 pounds per 
brake horsepower per hour. An engine 
of this capacity operating on % cutoff 
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has a steam consumption, as indicated by 
the line c, of 47 pounds per brake horse- 
power per hour. In other words, it re- 
quires 21 per cent. more steam to pro- 
duce 50 horsepower with a small engine 
operating on ¥% cutoff than is required 
for a larger engine on % cutoff. 

Assuming the engine to be operated 300 
days a year, 10 hours per day, and re 
quiring at % cutoff 4 pounds of coal per 
horsepower-hour, the total yearly coal 
would be 300 X 10 X 4 X 50 = 600,000 
pounds. If the price of coal was $4 per 
ton the total yearly cost of coal would be 
$1071. The smaller engine, operating on 
5% cutoff, would use 726,000 pounds of 
coal for the same service at a total yearl) 
cost of $1296. From this it will be seen 
that the saving effected each year by th: 
use of the larger engine at the more ec 
nomical cutoff would be $225. 

The average price of a simple, noncon 
densing 8x1o throttling engine, which is 
the size required to deliver 50 horsepower 
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at % cutoff on a steam pressure of 125 
pounds, is $510. This same power can 
be obtained from an 8x8 engine operat- 
ing on % cutoff and this latter engine sells 
for $375. 

It will be seen from the above that 
while the purchaser can save $135 on the 
initial cost by installing the smaller en- 
gine, he will in reality lose $90 the first 
year on account of the increased yearly 
cost of coal. Each succeeding year there- 
after he will lose $225. In three years 
the amount he would lose would pay for 
the larger engine complete. 

Until the engine builder sees fit to pub- 
lish reliable tables showing the steam con- 
sumption of his smaller engines under the 
usual conditions of operation, namely, 
%, % and % cutoff, the prospective pur- 
chaser will do well carefully to investi- 
gate this subject on his own account be- 
fore deciding upon the particular size of 
engine best suited to his requirements. A 
dollar saved in initial cost at the expense 
of three in running expenses is a nega- 
tive kind of economy at best. 
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WE PAY FOR USEFUL 


A Water Motor 


The illustratio1 shows something new 
in a water motor. It is designed to be 
placed perpendicularly in any running 
stream. The upright shaft in the center 
is stationary, with one sprocket wheel 
keyed onto it and connected to two blades 
by an endless chain running on a sprocket 
wheel placed on the top of each blade. 
When the small sprocket wheel between 
the blades acts as a tightener, blade A is 
across the stream and gets the full force 
of the water. Blade B is partly turned 
and might cfeate some back pressure. 
Blade C is turned to cut through the 


Bridgewalls 





W. H. Wakeman, on page 452 of the 
March 9g number, has an article on the 
above subject, written from a very prac- 
tical standpoint, and although in the main 
it is perfectly correct, the writer desires 
to take exception to one or two points. 
Having had considerable practical experi- 
ence regarding the effects produced by 
varying the hight, position or shape of the 
bridgewall, especially with respect to trou- 
bles from leaky seams, the writer believes 
that some of Mr. Wakeman’s statements 
are likely to mislead the inexperienced 
engineer. 

















MODEL 


water on the return revolution, and blade 
PD is just coming across the stream. 
The lever on top of the upright shaft 
in the center is to regulate the speed, as 
by turning the lever the blades can be 
placed at any angle to get the force of the 
water, and if turned far enough the motor 
will stop. It can readily be seen that a 
governor can be put on to regulate the 
speed, 
The 
model. 


illustration shows a_ working 
It will develop a limited amount 
‘f power, and I thought it might interest 
fellow readers. 
J. CHAMBERLAIN. 
Chicago, Ill. 


OF A WATER MOTOR 


First, Mr. Wakeman (as a great many 
other engineers do) uses the total area of 


the tubes as a guide to determine the 
proper area of other passages for the 


products of combustion to pass from the 
grate to chimney. That this is not a logi- 
cal way to arrive at these areas will be 
made evident by a little reasoning. 

The capacity of a horizontal tubular 
boiler is practically determined by its 
heating surface; that is, as far as the 
capacity of the boiler alone is concerned, 
and this capacity is directly proportional 
to the length of the boiler. For instance, 
if there are two boilers of the same diame- 
ter, containing the same number of tubes, 


IDEAS 


of the same size, but in one the tubes are 
16 feet long while in the other they are 
20 feet long, the larger boiler will have 
practically 25 per cent. greater capacity 
than the shorter one, while the areas for 
the passage of gases through the tubes are 
identically the same. To make the addi- 
tional boiler capacity available there must 
be 25 per cent. additional furnace capactiy 
under the larger boiler, which means that 
there will be about 25 per cent. additional 
volume of furnace gases to be handled, re- 
quiring 25 per cent. additional area for 
the same velocity. As the increased vol- 
ume of gases must pass through the same 
area of tubes in a given time the velocity 
will be necessarily higher and the drop 
in draft through the tubes greater, which 
would require that the chimney draft be 
of greater intensity in the case of the lon- 
ger tubes to produce similar results in 
the It can be seen that in the 
case cited (and the variations in capacity 
given are not at all unusual), if the gas 
passages were designed on the basis of 


furnace. 


tube areas, the larger boiler would be at 


considerable disadvantage in obtaining 
maximum capacity. 

It is not unusual in the vertical type of 
fire-tube boiler to have the same tube 
areas where the capacities vary as much 
as 100 per cent. The furnace capacity or 
amount of coal to be burned in some fixed 
interval of time is the correct basis upon 
which to figure the area of gas passages 
required, and if this is used, taking into 
account unavoidable contraction of 
the and length 


and shape of flue connection in determin- 


any 
the area through tubes, 
ing the required chimney capacity, uni- 
form results will be obtained in each case 
for the same furnace conditions. 
Another point which the writer would 
like to draw attention to is the apparent 
intent of Mr. Wakeman’s article to belittle 
the effect of shape, position or hight of 
the bridgewall on the wearing qualities of 
the boiler. Mr. Wakeman 
stance where he reduced the distance be- 
tween the bridgewall shell of the 
boiler to 4 inches, and when leakage at the 


cites an in- 


and 


remedied the 
trouble by changing the feed from the 
blowoff to the top of the boiler. Now, 
anyone with wide experience in boiler 
operation knows that the bottom feed is a 
fruitful source of girth-seam leaks, but 


girth seam developed he 


he also knows that there are thousands of 

boilers fed in this manner which never 

give trouble from leaking. It is probable 
"4 
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that had Mr. Wakeman changed the hight, 
position or shape of his bridgewall, the 
trouble would have disappeared as effect- 
ually as it did by changing the feed. 

It is very likely that the combination of 
bridgewall and bottom feed was the cause 
of the leak and both should have been 
changed to have the boiler operate under 
the best conditions. The kind of bridge- 
wall illustrated in Mr. Wakeman’s Fig. 6, 
if located with respect to the girth seam 
as shown, is very likely to cause trouble. 
Of course, a well built boiler that is kept 
perfectly clean internally can be run with 
such a bridgewall without showing evi- 
dences of distress, but that is no excuse 
for subjecting it to such treatment. The 
best methods of boiler setting cannot be 
determined very readily by single in- 
stances but by a wide experience with 
many different forms, with careful an- 
alysis from cause to effect in noting the 
results obtained in each case. 

J. E.- TerMAN. 

New Haven, Conn. 





Power Increase Due to Com- 
pounding 


When considering the discussion on the 
above subject, opened up some time ago 
by Mr. Wakeman, the accompanying in- 
dicator diagrams are worth inspecting. 
Those shown in Figs. 1 and 2 were taken 
from an 18 and 34 by 36-inch cross-com- 
pound Corliss engine, coupled in tandem 
to a four-stage air compressor before the 
valve gear was overhauled for repairs. 

The for the high-pressure 
cylinder is 3.7 and for the low-pressure 
cylinder 13.2, which, under the conditions 
shown, give 


constant 


270 and 145 horsepower, re- 
spectively, or a total of 415 for both sides. 
This with a cutoff of from % to % 
stroke. 

Fig. 3 shows the original high-pressure 
card with additional dotted lines plotted 
for the maximum point of cutoff, and the 
counterpressure line, if this side were run 
as a simple engine against a 5-pound 
back pressure. In plotting these lines, the 
compression curves are omitted for the 
sake of clearness, but I think the con- 
tained area at either of the points of cut- 
off, A or NX, indicates that the engine 
would be developing all the power that 
could reasonably be expected. Under 
the given conditions, and without going 
into the calculation from a_ laboratory 
standpoint, the power developed at % 
cutoff would be 


87 X 3.7 = 322 
horsepower; and at % cutoff 

03 X 3-7 = 344 
horsepower. 

The increased power of the engine run- 
ning compound over that when the high- 
pressure side is run simple, would be in 
the one case, 
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415 — 322 93 
horsepower, or 
other case 


29 per cent.; and in the 
415 — 344 = 7! 
horsepower, or 20% per cent. 
In the January 19 number George W. 
Harding expresses the opinion that nearly 
all the power developed in the low-pres- 
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done work in the high-pressure 


cylinder ?” 


has 


The main reason is to lower the steam 
consumption for a given load carried, by 
reducing the temperature range, and the 
consequent condensation, in the two or 
more cylinders as compared with what 
this loss amounts to when the complete 
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sure cylinder of an engine is clear gain, 
and submits two sets of diagrams to bear 
out his contention. These diagrams, how- 
ever, prove nothing more than that the 
load is fairly well divided between the 
two cylinders. Mr. Harding makes the 
mistake of overlooking the fact of the 
high-pressure cylinder exhausting against 
receiver pressure, and asks, “Why are 
engines compounded if not to develop 
more work by using the steam again that 


expansion takes place in one cylinder. 
From either a mechanical or an eco- 
nomic standpoint it would seem to be 
the to get the increase of 
power required by compounding if pos- 
sible, rather than by replacing the cylin- 
der with a larger one, but this would be 
governed largely by local conditions. 


better way 


J. A. CARRUTHERS. 
Bankhead, Can. 





March 30, 1900. 
It Should be Plus 


In reading the March 9 number, I note 
on page 476, under the subject of “Safety 
Valves,” the following formula: 


_22.5G 
P X 8.62’ 


A= 
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long, and drill two 9/16-inch holes about 
1 inch from each end. Put them together 
loosely with %-inch bolts, 2% inches long. 
No matter what the distance may be be- 
tween the centers of the holes in the com- 
mutator spider, if less than 14 inches this 
The bolts at the end 
can be adjusted for a slip fit upon what- 


one bar will answer. 
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METHOD OF REMOVING A COM MUTATOR 


to be used in Philadelphia, 
Philip G. Darlington. 

According to my understanding, the 
plus mark should be used instead of the 
multiplication sign, i.e, the pressure 
should have 8.62 added to it and not 
multiplied by 8.62. The correct formula 
should read 


given by 


22.5G 
ak ie 

JoHN J. MartTIN. 
Philadelphia, Penn. 





Removing Commutators 


As a reply to question No. 924, “Cate- 
chism of Electricity,” regarding the best 
method of removing commutators, I have 
used and found the following method suc- 
cessful: 

Most commutators of small size—say on 
machines of less than 100 horsepower— 
are provided with holes of suitable size, 
generally 34-inch or smaller, drilled and 
tapped in the front end of the commutator 
spider A (see sketch). If this method is 
used to draw the commutator, it takes all 
strain off of the clamping nut B. Com- 
inutators generally start hard, due to being 
oreed on at the factory by means of an 

draulic press, under a pressure of from 

) to 20 tons. 





If the ‘holes are not already 
rovided, they can be easily drilled and 
pped at any suitable distance from the 
ift. The pulling studs C should be of 
‘Id-rolled steel to prevent stripping. 
The pulling bar shown has been found 
be very handy. To make it, take two 
eces of %x2-inch bar iron, 16 inches 


ever size of stud is used. 

To start a tight commutator, put the 
studs under a fair tension with a wrench, 
then heat the studs to a dull red with a 
blowtorch and tighten the nuts. In cool- 
ing, the commutator starts, being easily 
removed by tightening the nuts on the 
studs. 

he 
Schenectady, N. Y. 


A. WarrEN, Jr. 





Remedying a Packing Trouble 


Recently it became necessary to use a 
small boiler-feed steam pump in my plant 
on a job which subjected it to a greater 
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not be kept in condition. I tried three 
different brands of packing, one with a 
wire-mesh composition, but each failed to 
hold, in spite of the fact that after each 
packing I “followed up” on the bolts. 

Taking a small cape chisel I cut 
grooves, as shown by the dotted lines, and 
after packing again found that the trou- 
ble had been remedied. 

With the packing squeezed down into 
the groove it became necessary for the 
rib thus formed to be sheared off before 
the packing could move. 

For some time, now, I have been test- 
ing different kinds of packing for the 
water pistons in small steam pumps, and 
I find that I get the best satisfaction and 
longest wear from rings cut from rubber 
belting. I purchase the regular rubber 
belt, made with six-ply canvas laid in 
rubber, and of a width that will cut eco- 
nomically. I cut the rings with an ad- 
justable cutter inserted in a brace. Should 
it require more or less than a certain 
number of whole rings to fill the packing 
space, one of these rings can be 
rated to the desired thickness. 

R. MANLY Orr. 


sepa- 


Brantford, Ont. 





Regrinding Valves 


In the January 5 number, page 11, Mr. 
Wakeman shows a type- of globe valve 
(his Fig. 7) which he says is difficult to 
regrind. In reality they are as easy to 
regrind as any other type. To do so, first 
remove the disk and place in the recess 
into which the stem fits a thin washer or 
small coin. Then replace the stem and 
screw in the collar which locks the disk 
to the stem. Then replace the disk, stem, 
and bonnet and regrind by revolving back 
and forth through about one revolution, 
using the bonnet as a feed. That is, as 
the stem is turned in one direction, turn 





Discharge 














Passage 








REMEDYING A PAC 


pressure than it had been designed for. 
With strict attention it did the work well 
with the exception that the packing would 
not hold. In the accompanying sketch 
the packing at C, on the bridge separating 
the discharge and suction passages, could 
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“KING TROUBLE 


the bonnet in the same direction just fast 
enough to keep the proper pressure: be 
tween the disk and the seat. 
the valve can be ground to a perfect fit. 
C. E. How.anp. 
Washington Court House, O. 


s 


In this way 





A Lighting Problem 





In reply to Mr. Rolph’s article in the 
February 2 number, I will say that his 
plan for street lighting would not be one 
which would give him satisfactory results. 
If the system is installed according to the 
accompanying diagram, very good résults 
will be obtained. The street lighting is 
done entirely from the 220-volt wires, the 
incandescent system being so connected as 
to insure a very even drop of potential. 
No. 10 weatherproof wire will be suitable 
for the incandescent system, but if the 
poles are set very far apart it would be 
very desirable to use a No. 8 wire, as a 
No. 10 wire is not of sufficient strength 
to prevent it from stretching or breaking 


during winter storms. If desired, a time 
switch can be very easily installed, as 
shown. ‘ 

The writer does not favor street light- 


ing by the low-potential series system, 
owing to the fact that it is very hard to 
locate trouble; also, if one of the lights 
is cut out for any reason there is usually 
no way provided to keep the remaining 



















































































lights from receiving an excess of 
current. 
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MR. BYLES’ WIRING DIAGRAM 


If the street lights are to be on the 
same poles with the wires used for house 
lighting, one of the house-light wires can 
be used to supply current to one side of 
the street lights, thereby dispensing with 
one of the street-light wires in the com- 
mon multiple system. This scheme is 
only suitable for small installations and 
short lines. 

If the commercial system in the fore- 
going plan is to be of any magnitude the 
three-wire system should be used, at least 


POWER AND THE ENGINEER. 


on the main lines and the larger of the 
branch lines. 
FRANK A. BYLEs. 
Bennington, N. H. 





Gravity Feed Oiling System 


In the illustration is shown a 100-gallon 
sheet-tin tank placed near the ceiling. It 
is fitted with a sight glass. In the base- 
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GRAVITY-FEED OILING SYSTEM 


ment, under the engine room, is located 
the filter B. The small pump C is so 
connected that it can be run with either 
steam or conrpressed air, and pumps oil 
from the filter to the tank A. An over- 
flow pipe is connected at the top of the 
tank A and extends down to the filter. 

A main pipe runs from the bottom of 
the tank 4 to the basement and along 
under the floor, where 
made to each engine and auxiliary. Each 
engine and auxiliary has a separate valve 
just above the floor so that the oil can be 
shut off from any engine without disturb- 
ing the flow of the oil to any other en- 
gine or auxiliary. 


connections are 


Pipes are run to each 
air-tight cup on the engine. They have 
the regular needle-point screws to regu- 
late by. Each oil cup has a valve and 
can be cut out without affecting any other 
cup. We have cups placed on all parts of 
the valve gears where possible, and have 
very little use for the oil can. 

We also have a return system. Each 
crankpit, foundation plate and eccentric 
pit has a pipe connection to one large pipe 
which leads to the filter. We run oil from 
a barrel in the storeroom into a can below 
and the oil flows to the filter and thus 
enters the system. In the can under the 
floor of the storeroom are coils of pipe 
through which steam circulates in cold 
weather. We do not, however, permit the 
oil to get hot enough to injure it. 

This system is somewhat expensive in 
first cost, but there is hardly any operat- 
ing cost and the great saving of oil in a 
short time will pay for the system. 


I. Y. Wuite. 


Handiey, Tex. 
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Composition Disks for Globe 
Valves 


In the February 16 number, Mr. Wake- 
man says that composition disks for globe 
valves are as good as they were 20 years 
ago, and suggests the superiority of globe 
ever gate valves for big work, and then 
goes on to intimate that if gate valves 
are used composition disks can be made. 

Things have changed in 20 years, and 
gate valves have the preference, and not 
only composition disks but bronze disks 
and seats have been changed for 
where superheat is used. 

W. E. CRAne. 

Broadalbin, N. Y. ; 


stecl 





Repairing a Center Crank 


I repaired a center-crank engine two 
years ago and it has run nicely ever since. 
The pin of the center crank was broken, 
as shown in the sketch, and it had been 
bolted together and run in that way for 
about five years. The bolt was not fitted 
properly and the hole and pin were badly 
worn. I sent the shaft to a machine shop 
and had the shaft trued and the pin cut 
off. The crank-pin holes were bored out, 
also. Then we fitted both halves of a 
new pin to the holes and, after forcing 
one in, found that the bore 
line. With both ends turned to size and 
no steel to make a new pin with, we had 
two steel thimbles forged and, after bor- 


was not in 


Break in Pin 
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234" Dolt fits tight here at 
both Ends, | ‘s Clearance 
in Middle, 
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REPAIRING A CENTER CRANK 


ing them out, shrank them on the pins. 
The crank shaft belongs to an ammonia 
compressor and runs twenty-four hours 
per day. 

My theory for so many of these break- 
downs is that the engine being horizontal 
and the compressors vertical the center 
bearings do not wear down as fast as the 
side bearings, the machine running only a 
short time until there is a springing action 
on the shaft, and it is only a matter of 
time until it breaks. I think my patched 
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crank pin, considering this feature, is bet- 
ter than a new pin. 
DENNIS HANLON. 
Vincennes, Ind. 





Condensers for Fluctuating Water 
Level 





A jet condenser must always lift its 
own water, never take it under a head. 
Such has been the general rule in regard 


to the installation of these machines, the... 


reason being that if the water came to the® 
condenser under a head and for any rea- 

son the vacuum pump should stop or fail 

to remove it, there would be no means of 

preventing the water from overflowing 

into the exhaust pipe and back to the 

engine. 
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rivers have such a variation that a con- 
denser set high enough to be out of dan- 
ger at times of high water would be out 
of suction reach of the water at normal 
stages. 

In order to meet either of the forego- 
ing conditions the following scheme has 
been devised by the writer: The sketch 
and description refer to a fluctuating wa- 
ter level and some of the connections 
could be omitted in case of a constant 
water level higher than the condenser. 

The vacuum pump and condenser are 
so located that the injection inlet is in 
the neighborhood of 18 or 20 feet above 
the low-water level. The injection pipe 
is arranged as shown, and is carried up 
that the “vacuum-breaker valve” is 
about 10 or 12 feet above the high-water 
level. So long as the water level remains 
below the injection opening, the valve A 


so 
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CONDENSER FOR FLUCTUATING WATER LEVEL 


Where the water-supply level is below 
the top of the condenser any danger from 
water can be guarded against by means of 
a suitable vacuum breaker, which auto- 
matically destroys the suction, when the 
water in the condensing chamber rises to 
a predetermined hight. Where the level 
of the water supply is above the top of 
the condenser it has been necessary, in 
order to insure safety, to run the water 
into a well below the condenser level and 
have the condenser draft its supply from 
'e well. An automatic float valve or an 

erflow serves to keep the well at the 
roper level. 

Another’ condition that frequently oc- 

irs is that of a water supply fluctuating 

tween widely varying levels. Many 


is open and the condenser takes water in 
the regular way through the pipes C BD. 
When the water rises to a point where it 
would be dangerous, the valve A is closed 
and the water must flow through the loop 
EF. In order to prevent the siphon from 
becoming airbound, a small air pipe is 
connected between the high point of the 
loop and the condenser chamber. This 
pipe serves to draw out the air which 
would otherwise collect at the top of the 
loop. 

At G is located a chamber containing a 
copper float. If for any reason the pump 
should stop, the water would rise in the 
condensing chamber until it the 
float. This float actuates a small pilot 
valve controlling the pipe K, and the rais- 


raised 
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ing of the float opens the valve and makes 
connection between the vacuum and the 
pipe K. The vacuum is thus applied to 
the top of a differential piston which 
opens wide the vacuum-breaker valve, and 
thus allows the flow of air through a large 
opening into the top of the loop. This 
instantly breaks the siphon and stops the 
further flow of water into the condenser. 

By means of a suitable number of cross- 
over pipes, with valves, between the pipes 
E and F, the arrangement can be suited 
to any amount of fluctuation 
level. 


in water 


H. M. CHASE. 
Holyoke, Mass. 





Heat in Steam 


On page 211 of the January 26 number 
Joseph H. Hart, in his article, “Heat in 
Steam,” makes the following statement: 
“After water is changed to steam, the 
steam then possesses practically nothing 
but specific heat, or, rather, increases in 
temperature means an addition only in the 
kinetic energy of the molecule. This is 
actually the case in what is known as 
superheated steam, in which the 
steam behaves as a perfect gas and obeys 
Boyle’s and Charles’ laws absolutely.” 

The last statement of Mr. Hart is in- 
accurate, as superheated steam only when 
far removed from the point of saturation 
follows very nearly the laws of perfect 
gases. 


case 


In the case of superheated steam 
in common practice, experimental investi- 
Zeuner, Knoblauch, Battelli 
and others have proved that the combina- 
tion of the laws of Boyle and Charles do 
not hold, i.e., that the ratio of the product 
of the volume and pressure to the tem- 


gations by 


perature is not a constant. Several equa- 
tions have been proposed to express the 
relation between pressure, volume and 
temperature of superheated vapors. The 
one best known is by Zeuner, which in the 
English system is expressed by the fol- 
lowing formula: 
PV = 93.5 T— 971 P %, 
where 
P=Pressure in 
foot, 
V = Volume of 1 pound in cubic feet, 
T = Absolute temperature on the Fah- 
renheit 


pounds per square 


scale. 


The constants for this equation have been 
worked cut on the supposition that the 
specific heat at constant pressure is a con- 
stant and is equal to 0.48. 

Peabody, in book on 
thermodynamics, gives some of the newer 
and more accurate formulas. Of these the 
one by Knoblauch is: 


Professor his 


73 
A simpler equation by Tumlirz is: 
P V = 85.85 T — 0.256 P. 


A 


PV =85.85 T — P (1 +.0,00000976 p) ( ere) 
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This last equation has an error of about 
I per cent., as compared with that of 
Knoblauch. 
A. A. Potter. 
Manhattan, Kan. 





Keying Flywheels 


In an ice plant having a 22x26-inch up- 
right Corliss engine, connected to a 16x22- 
inch compressor, running at 58 revolu- 
tions per minute, the bolts of a marine- 
type connecting rod gave way and one of 
the fell into the crankpit and 
stopped the crank, but the engine being 
under full steam pressure, and aided by 
the momentum of the flywheel, the shaft 
was twisted about 15 degrees before it 
came to a stop. The broken bolts of the 
connecting rod were 1% inches in diame- 
ter, but the holes in the boxes were about 
134 inches, and it was thought judicious 
to make stronger bolts. The butt and 
strap were reamed out, and the new bolts 
turned to fit the boxes snugly. The chief 
felt safe about them, but to his surprise 
they broke about two weeks later. A few 
weeks previous to their failure the piston 
rod had loosened and worked down into 
the crosshead until the piston struck the 
lower cylinder head. The pounding had 
been: allowed to go on for some time, as 
the chief did not believe in stopping for 
such a trifle. I think this started a crack 
in one of the bolts and caused the break- 
down. The new bolts had comparatively 
smooth running. -The condenser pressure 
ran at times up to 200 pounds with about 
25 pounds suction. The strain on the 
bolts was 35,850 pounds less the weight of 
the piston, crosshead and connecting rod, 
or about 14,500 pounds per square inch 
on the old and about 10,000 pounds on the 
new bolts. The new bolts showed dents 
on the butt and strap ends, indicating 
bending stresses; the old ones had clear- 
ance enough to avoid them. Faulty aline- 
ment is harder on connecting-rod bolts 
than the working strain. 

Another cause of failure is the habit of 
cutting the threads too sharp at the bot- 
tom and allowing the tool to dig in at the 
end of the thread. A smaller pitch would 
be better practice than standard _ bolts. 
Bolts that have been in an accident and 
subjected to abnormal strains should be 
looked over very carefully before being 
used, but I would scrap them. 

To insure a satisfactory job in secur- 
ing a wheel to a shaft with a sunk key 
it is necessary that the bore of the wheel 
should fit the shaft reasonably tight, and 
that the keyway in the wheel should be 
of the same size, parallel to the keyseat 
of the shaft and not taper more than % 
inch to the foot. If the wheel bore is 
larger than the shaft by more than 0.004 
inch it should not be used on that shaft. 
If the keyway is not parallel to the key- 
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seat, it can be corrected in the following 
manner: 

Suppose a wheel with 7-inch bore is to 
be fitted to a shaft with a sunk key 1% 
inches wide. The keyway of the wheel, 
when placed edge to edge on the keyseat 
of the shaft, is found to run to the left 
1/16 inch at the other side. The wheel 
should. then be turned 1/32 inch to the 
right, in order to divide up that diver- 
gence. The protruding edges, viz., right 
front and left back of the shaft and left 
front and right back of the wheel, should 
be carefully marked, as they must be filed 
or machined. A key 14% inches wide 
will now be necessary, and it can be fitted 
on all sides, as there are straight and even 
surfaces to deal with. 

It is troublesome to make special keys 
in factories where keys of standard sizes 
are kept in stock and, besides, the work 
has to go out on regulation time, so it 
happens that the wheel, shaft and key are 
left as they are. It also happens that if 
the bore of the wheel is 1/100 inch or 
more larger than the shaft, it is used 
anyway. 

The keyfitter or erecter in trying to 
make up for all these defects drives the 
key home as hard as he dares, thus setting 
up an undue strain in the hub. The key 
will bend the shaft and the wheel on the 
protruding edges only and the combina- 
tion will look like Fig. 1. Such a wheel 
will soon begin to work, rubbing the shaft 
at P and battering it at 4 and B. It does 
not take long before it will cut at P, cre- 
ating an additional strain in the hub, and 
if the speed is high and the reversals of 
force sudden something will happen. If 
the fitter has been careless or ignorant 
enough not to file the edges of the key 
before trying to fit it, matters will be 
worse, but the wheel after wearing away 
the edges will begin to pound and give 
notice of its bad condition. 

Another bad practice is the attempt to 
remedy a wobbling wheel with the key. 
If a wheel has been sprung when clamped 
to the boring-mill table, during the opera- 
tion of boring and facing, it will wobble 
when running on the shaft. If this wobble 
is in or near the radial direction of the 


key, as at S and T, Fig. 2, an attempt 


is sometimes made to throw the wheel 
in line by filing the key down in 
B, in order to make the wheel 
bear hard at D and B and _ loosen 
up a little at A and C. I _ have 


never seen it done successfully, but it is 
resorted to quite frequently. The draw- 
back to the wheel is apparent. I would 
rather have a wheel wobble a little than 
have it “fixed up” in such a way. I do 
not know that “broad keys fitted upon 
flats” hold a wheel or even a pulley in 
place successfully, but I have experienced 
many cases where such keys had to be 
replaced by broader ones and finally by 
sunk keys before they gave satisfaction. 

To use two keys, as shown in Fig. 3, is 
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no improvement over the single sunk 
key, as either one or the other key has 
to stand the strain, according to whether 
the wheel is receiving or giving up mo- 
mentum. Such keys are, therefore, liable 
to work loose. I have seen set screws 
used to prevent it. 

Set-screw holes drilled into the key- 
ways are not desirable, as they weaken 
the hub through its least cross-section. I 


remember of two such wheels being 
cracked through the keyways. This 


method of keying is of advantage on 
governor wheels, where it is sometimes 
desirable to shift the wheel to suit the 
accurate position of the eccentric. This 
can easily be done to a certain limit by 
increasing the thickness of one key and 
reducing the other. To use a split wheel 
and clamp it down without a key can 
hardly be considered, as it would have to 
be tightened too often and the shaft would 
certainly suffer in a short time. A single 
sunk key in connection with a split wheel 
or hub is, in my judgment, the most con- 
venient and. efficient method of holding 
wheels. 
H. WIEGAND. 
Indianapolis, Ind. 





Cause of a Runaway Engine 


One day my Slater engine started to 
run away, but I managed to stop it before 
any damage was done. JVhe cause was 
due to one of two screws which held the 
steel hook-up block becoming unscrewed 
from the latch, allowing the valve to take 
steam fuil stroke on both ends, as it had 






Governor 
Knock-off 
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CURING THE CAUSE OF A RUNAWAY ENGINE 


put the governor “out of commission.” 

The way I fixed the engine so that a 
like occurrence could not happen was to 
drill a hole clear through the hook-up 
latch, tapping and putting on a _ longer 
serew on which I placed a nut to pre- 
vent the screw from turning out. 


Georce E. WoKEHENDORF. 
East Bridgewater, Mass. 
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A Return Steam Trap 


The accompanying sectional view is of 
a return-steam trap that has given satis- 
faction and one that can be manufactured 
at a very moderate cost. The trap is the 
invention of W. J. Sterling, Portsmouth, 
Va. The body is cast in two parts and 
bolted together. Located on the side of 
the upper portion is a brass cylinder con- 
nected by flanges. The condensed steam 
enters from the top and is discharged at 
the The float is made 
with a ™%-inch pipe passing through its 
entire length, the ends of the pipe being 
brazed to the float so that it may move 
loosely on the stem and still be water- 
tight. The stem on which the float works 
is connected to a bell crank, which in turn 
connects to the valve stem operating the 
piston valve. The ¥g-inch 
hole passing through its entire length so 
there will not be a 


bottom. copper 


valve has a 


vacuum formed be- 
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through\ Valve 
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SECTIONAL VIEW OF A RETURN-STEAM TRAP 


hind the valve when it moves. All the 
fittings are made of brass and the body is 
of cast iron. 

H. C. WILLIAMSON. 


Norfolk, Va. 





Will the Load on the Bolts 
Change ? 


Allow me to submit a for 
publication. The illustrations, Figs. 1 
and 2, represent sectianal views of one 
end of two separate steam cylinders. 

Fig. 1 represents a cylinder and head 
having a ground joint betwen them. Fig. 
2 represents a cylinder and head having 
some elastic material as packing. The 
area of both cylinders is 120 square inches, 
and each respective cylinder head is held 
on by 12 studs and nuts. Each nut on 


problem 
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the 12 studs is screwed up to such a point 
that the studs are under an initial stress 
of 1000 pounds. 

If steam or other pressure is turned on 
so that the area of the head on the in- 
side of the cylinder is subjected to 100 
pounds pressure per square inch, will the 


12 Studs 


Ground Joint Elastic Packing. \ 


hulp 12 Studs 


This Area This Area 


120 Sq. la, 120 Sq. In. 
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FIG, I FIG. 2 


pressure on the bolts, in either case, in- 
crease, decrease or remain the same? In 
each case what is the load in pounds per 
bolt ? 

G. A. GLICK. 
Madison, Wis. 





Setting of Steam Eccentrics 


To revert to an old discussion in these 
columns: Two correspondents, in answer 
to one of my letters, not long ago enter- 
tained the readers with talks on setting 
the steam eccentric of a Corliss engine at 
60 degrees ahead of the crank. One thing 
they both appeared to agree about, and 
that is that 
the practical operation of the Corliss en- 
gine. One of them 


the writer is an amateur in 


owned 


up that he 
could not work an engine by hand with 
the 60-degree setting, while the other 
thought it could be done. If the latter 


were to attempt in the presence of wit- 
nesses to bring an engine up and stop it 
accurately to put a key in a shaft, or a 
bolt in a coupling, he might ge: laughed 
at. It simply can’t be done. 

to do this 
in many cases; also to lace a belt, bring 


It is convenient to be able 
a dynamo around to some particular place, 
bring some part of the engine at just the 
place you want it for disconnecting; on 
a tandem to draw it away from the cen 
ter. Also, if an engineer wants to find if 
there is the pillow 
block, crosshead or main pins, it can be 
easily seen just how they all are, pro- 
vided steam can be admitted quickly back 
and forth on both sides of the piston. 
By so much as these cannot be done is 
the engine a cripple. 


looseness at main 


Engineers of thirty years ago remember 
the “toe up” we used to get on condensing 
engines, where we would not get full 
vacuum until nearly full stroke, and how 
it was a compromise between the toe and 
shortening the range of cutting off, with 
the result that both were bad. In a toll- 
ing mill it was particularly so. 

The first extra eccentric was put on a 
28x60 Harris engine. I used the same 
stud for wristplates that formerly carried 
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the single wristplate. In those days engi- 
neers laid out and built the engines and 
they were built convenient to handle. The 
starting bar came out straight and was 
convenient to one hand, and the throttle 
to the other. The two new wristplates 
were thinner than the single one and were 
placed side by side, with slots in each, and 
a thin starting bar for each slot. One 
bar had an offset so that both bars were 
brought out parallel and the two together 
taken in one hand and operated as a sin- 
gle bar (the only sensible way), and I 
had a pair of wristplates operated by 
hand the same as the old single plate. 
Why should anyone do differently? At 
present most engines are laid out by 
draftsmen and starting bars stick out at 
all angles, sure to be the most incon- 
venient. ; 

The change in the engine by giving the 
exhaust a clear release resulted in a 
marked saving in fuel. The lengthening 
in the range of cutting off made the speed 
steadier and also allowed more load to 
be put on the engine, which, after a time, 
was done. There was rolling-mill work 
done by this engine, with all kinds of 
load, and occasionally a card would be 
taken that showed the steam following 
three-fourths stroke, the steam eccentric 
set at 9o degrees. 

When a piston is at the middle of the 
stroke its speed is so high that if the 
valve is tripped at that time the piston 
will have .gone some distance before the 
valve is closed. 

We had a 30x60 George Corliss engine 
and we asked a price from the builders 
for making the parts to fit it up the same 
way. They refused to make them, say- 
ing: “We don’t want our engines run 
that way.” So we got the parts from the 
Harris people. Of course, this was fitted 
up the same as the 28x60, and the two 
wristplates worked by hand as easily and 
nicely as the single one. There were no 
more valves to handle. 

This engine was in a rolling mill and 
there was occasionally a card showing a 
three-fourths cutoff, so there no 
question about getting a range of cutting 
off up to three-fourths stroke. This was 
before the days of compounds, although 
there had been a few built. One large 
mill corporation in Massachusetts had one 
mill separate from the rest and it was so 
fitted up that an accurate test could be 
made of any change made on the engines, 
which in this mill was a pair of cylin- 
ders on one shaft. 

Mr. Babbitt, superintendent at the Har- 
ris shops, proposed fitting up this pair 
with the extra eccentrics and a contract 
was finally made that if the change made 
a saving of 10 per cent. the corporation 
was to pay a certain price. If there was 
not a saving of 10 per cent., nothing 
should be paid. The change was made 
and on the last day of the trial a check 
was mailed to pay for new parts. The 


was 
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blowing through on starting up did not 
appear to make much loss. In order to 
do away with it, have a little block and 
raise the governor sufficient to cut off 
and block it up. This is a good idea with a 
single as well, as much less steam is used 
when getting up to speed than at full stroke. 

In 1892 our people were having a new 
engine built and among others that 
wanted the job was the Corliss company, 
which was ready to put on two eccentrics. 
They got the order for a 28 and 52 by 72- 
inch engine, to run at 60 revolutions, and 
it was to be built just as I directed. After 
this engine was put in and before any 
large loads were put on I got through 
with this firm, so that I did not see any 
cards with heavy loads, but understand 
it has gone way beyond 2000 horsepower 
with 125 pounds steam pressure. 

Along about 1895, Hewes & Phillips 
built a 16 and 30 by 42-inch engine and 
erected it in the lighting station at Eliza- 
beth, N. J. It so happened that the load 
of the station was so adjusted that a peak 
load came on this engine for about two 
hours every evening, calling for a cutoff 
of about three-fourths stroke, and the lit- 
tle engine was right on the job every time. 

The first that I heard that there was 
any trouble with that manner of setting 
the valves was about twenty years after I 
put on the first one. It seems that some 
street railway had put in too small an en- 
gine and the load would pull the gov- 
ernor right down on the pin, so they did 
away with their safety stop, put the eccen- 
trip back and put in effect the 60-degree 
hitch-up. 

This throws the stop motion out of use 
and the only excuse is a man made a 
mistake. 

After about 1894, builders turned their 
attention more to putting on two eccen- 
trics and some of them could not believe 
that the piston at its highest speed in the 
cylinder could advance after the valve had 
been tripped, and they studied out the 60- 
degree arrangement and called it. their 
long range of cutting off, but years be- 
fore men had been getting the long range 
of three-fourths stroke with the eccen- 
tric at 90 degrees. 

If three-fourths stroke can be obtained 
without crippling the engine in any way 
and allow it to be handled by the starting 
bar so as to do anything one wishes, what 
excuse is there for crippling it so that 
bars with a lot of men or tackle blocks 
have to be used? 

When the steam eccentric is set at 60 
degrees, if the valve is not tripped, the 
eccentric will not close it until the crank 
is 30 degrees beyond the center and the 
piston is one-fourth of its way on the 
return stroke. For this reason, with 
eccentrics set in this manner the valves 
must always trip before the eccentric has 
completed its full throw. 


When the wristplate is at one-half 


travel, or vertical, the steam valve is wide 
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open. But one steam valve can be 
hooked on at the same time and the wrist- 
plate cannot be held in its central posi- 
tion, but must be thrown over to nearly 
its full throw, so that the valve may be 
closed, as there is very little lap. 

To start the engine is a simple matter, 
but to manipulate it and bring it to a stop 
at any point nicely is different. Let us 
suppose that less than one-half stroke is 
all that is required. The engine is brought 
to nearly the point, and how are you going 
to stop or throw steam into the opposite 
end of the cylinder? You have not got 
hold of the valve at the opposite end, and 
if you had it would have been wide open 
all the time and you would not have 
moved at all. To get hold of this valve 
you must throw the wristplate over and 
pick it up. 2 

You cannot hold onto the starting bar 
strongly enough to move it and unhook 
the steam valve; besides, it would take 
time. The only way to do is to throw 
the wristplate over, but this also opens 
that valve wide during the operation. 

Suppose that opening this steam valve 
wide for an instant has not carried the 
engine too far, which is highly improba- 
ble, and that you get hold of the other 
valve. Then you have to reach 
and get hold of your ex- 
haust valves and change them, and by this 
time the engine has either stopped or gone 
too far. If you have to make more than 
ene revolution you are in a nice mess. 


over 
somewhere 


I once knew an erecting man who went 
home and told his people that he had 
started and stopped an engine of 
any point. He had 
very careful not to have anyone around 
when he did it. 


this 


character at been 


W. E. CRANE. 
Broadalbin, N. Y. 





Method of Cutting Nipples 


In a‘recent number, F. E. Fick gives 
his method of cutting nipples which is all 
right, but I cut the long thread and screw 
the coupling on it, and then screw the 
nipple into that. Then instead of 
versing the dies, I select a bushing large 
enough to take in the coupling. If the 
bushing is of the adjustable type this ig 
very simple, but in case the bushing is of 
the ordinary type it may be necessary to 
wrap the coupling with paper. If a very 
short nipple is wanted the bushing may 
sometimes be put on the longer piece of 
pipe and the coupling will come between 
the bushing and the dies. 

C. E. How ann. 

Washington Court House, O. 


re- 





The “Imperial International Exhibi 
tion,” which is to be held in London, Eng- 
land, the coming summer, will be held 
under patronage similar to the recent 
Franco-British exhibition. 
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Some Useful Lessons of Limewater 


A Series of Interesting Practical Experiments with Oxygen; What an 
Atmosphere of Pure Oxygen Would Mean to the Animal Kingdom 





BY 


In the last chapter we laid out the 
ground for making oxygen, planning the 
apparatus as shown in the various figures, 
and anticipating as far as possible some 
of the most important tests which you 
will make with this gas. You will want 
at least two jars of the gas—ordinary 
quart fruit jars—and if you can collect 
three or four jars of gas so much the 
better. Here you will want to note that 
oxygen is a trifle heavier than the air, nd 
the jars of oxygen can be kept for some 
few moments by covering them with the 
square pieces of cardboard used to remove 
them from the water, and which should 
be put over the mouth of the jar while it 
is still under’ water. This is done by 
grasping the jar firmly with one hand, 
and with the other slipping the cardboard 
down into the water over the mouth of 
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in the same wash dish preparatory to fill- 
ing them with oxygen. Frequently the 
the j the 
oxygen is led into them, will fill the wash 
dish to overflowing, a circumstance which 


water escaping from jars, as 


does not matter as long as you keep your 
eye on getting the oxygen into the jars 
and keeping them from tipping over. 


EXPERIMENTS WITH THE OXYGEN 

The first experiment you will try will 
be the testing of the oxygen in one of the 
jars with one of the splinters of soft pine 
wood, 8 or 10 inches long, which you have 
got ready. Light the splinter and, remov- 
ing the cardboard cover from the jar of 
oxygen, quickly thrust the glowing splin- 
ter down into the jar. You will note ‘the 
increased brilliancy of its burning, and 
you can instantly remove it, replacing the 
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the jar, then raising the whole, turning 
it right side up and setting it down mouth 
upward, with the cardboard left for a 
cover, 

There is one other point that you should 
notice, and that is that if you start with 
your wash-dish pneumatic trough half full 
of water, the water from the full jar, by 
displacement of the oxygen, will flow out 
into the wash dish and will fill it an inch 
or two deeper, and hence the jar will get 
a little unsteady in the increased depth 
of water and will tend to float and to tip 
over unless you hold it down or weight 
it. The gas in the jar sinks to a lower 
level than that of the open water in the 
wash dish, as shown in Fig. 1. This cau- 
tion about steadying the jar will be par- 
ticularly necessary if you put several jars 
full of water, inverted mouth downward, 
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set it aside to test it. However, before 
you go on to the next jars of oxygen, just 
note that the splinter burns in the air 
with a fairly bright but slightly smoky 
flame, while it burns in the oxygen with a 
brilliant white and smokeless flame. 

The next test will be performed on an- 
other jar of oxygen, using instead of a 
splinter some of the match ends fastened 
together with a wire handle 8 or to inches 
long. If you use the ordinary “eight-day” 
sulphur match, you will note the bright 
blue flame of the burning sulphur; if you 
use parlor matches, say not over half a 
dozen in the bunch, you will note the bril- 
liant burning of the phosphorus, together 
with curious white fumes called 
phosphoric anhydride, that is, the an- 
hydride or water-free nucletts of phos- 
phoric acid, the acid found in bones in 


some 
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Now blow 
out the flame of the splinter, leaving only 
a glowing coal at the end, and thrust this 
again into the jar, when the splinter will 
burst into a flame as though by magic. 


pasteboard cover on the jar. 


If you do not let the splinter remain 
burning in the jar too long, you can re- 
peat the experiment a number of times 
before the oxygen in the jar is exhausted. 
With a little practice one can easily ig- 
nite a glowing splinter in the jar, remove 
it, blow out the flame, thrust it into the 
jar and re-ignite it ten or fifteen times 
with the same jar of oxygen; and I have 
had students who would do this with one 
jar of oxygen, holding a quart, and with 
one splinter, forty, fifty or even sixty 
times. When the jar is exhausted so that 
it will no longer re-ignite the glowing 
splinter, cover the jar with cardboard and 


~ Power, N.F. 


FIG. 3 


combination with the lime metal, calcium. 


Look Out For FiIrREworKS 
Of course, your common sense will teach 
you to keep your nerves prepared for any 
burn- 
thing as a 
bunch of half a dozen matches in a jar 


incidental fireworks when 


ing even 


you are 


such an innocent 
of oxygen. Also, do not let the burning 
substance strike the sides of the jar; and 
if you should pour half an inch of water 
into the jar of oxygen before trying this 
experiment, you will find that it may pro- 
tect the bottom of the glass jar from be- 
ing broken by any hot burning fragments 
falling on the - otherwise 
glass. 


unprotected 


You will also want to set this jar aside, 
when it is exhausted, for some later tests 
with litmus and with limewater; and, if 
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it should happen that the iron wire which 
binds the match ends together, as shown 
in Fig. 2, should itself take fire, thereby 
anticipating the next test, do not worry, 
for all sorts of possibilities may happen; 
but ii is well to anticipate what may hap- 
pen so that you can understand it. 

The next test refers to the burning of 
the iron picture cord, prepared accord- 
ing to the directions given in the last les- 
son: heating it, dipping it into flour of 
sulphur, and wrapping a bit of cotton 
wool or cotton waste around the sulphur 
while hot. In this experiment, as shown 
in Fig. 3, you will have two pasteboard 
covers, one already on the jar and another 
perforated with a small hole through 
which the prepared picture wire extends. 
This cardboard and wire are grasped in 
the right hand, holding the cardboard be- 
tween the thumb and the first finger or 
fingers, and folding the third and fourth 
fingers under the cardboard to hold the 
wire so that it will extend down straight 
into the jar as you swap covers. The 
picture wire should extend some 4 or 5 
inches below the cardboard when the 
latter is placed on the mouth of the jar; 
and, if the experiment succeeds well, you 
will see the cotton which you lit before 
thrusting the wire into the jar burn 
brightly, which will light the sulphur, and 
this in turn will ignite the iron picture 
cord. 

The picture wire will burn with bright 
sparks or ,scintillations thrown off in 
every direction from the burning tip. 
Moreover, as the picture wire burns up, 
you will push the part above down 
through, feeding it to the flame in the 
oxygen. Also, you will notice that as the 
iron burns there will be an accumulation 
of molten globules at the end of the wire. 
Some of these molten globules will almost 
certainly be jarred off the wire by the 
trembling of your hand, or by the violence 
of the burning, and will fall to the bottom 
of the glass jar, cracking the glass un- 
less you had the forethought to protect 
the bottom of the jar with something like 
a layer of sand. 

Therefore, remember that before you 
start this third experiment with oxygen, 
you will want to sprinkle into the jar 
enough clean sand to cover the bottom of 
the jar evenly, about 14 or 14 inch deep. 


MAGNETIC OXIDE OF IRON 


You will note, in addition to the black 
globules, some brownish particles and, of 
course, you will understand without being 
told that both the red particles and the 
black globules are the rust or oxides of 
iron produced by its burning in the oxygen. 
This black globule, by the way, is the 
magnetic oxide of iron, FesO,4 ( F-e-3-O-4). 
This magnetic oxide of iron is naturally 
magnetic without being put near a mag- 
net; just as water is naturally wet, gold 
yellow and coal black. 

Incidentally, you will find it interesting 
to gather some of these particles after- 
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ward and test them with a magnet, the 
handiest magnet being the large blade of 
your jackknife which, of course, you can 
easily magnetize at any direct-current 
generator in any power house. You will 
find this magnetized jackknife very con- 
venient in making many tests which other- 
wise you might have to neglect. 

There are many other experiments 
which you can try with oxygen, but per- 
haps those that I have given here will be 
all that you can handle just at present; 
but, you do want to be sure to make a 
spark on a wooden splinter burst into a 
flame, on the one hand, and on the other 
hand you want to be sure to get the iron 
to burn. In a few moments we will go 
back to examine the contents of each of 
the used jars of oxygen; but just at 
present you want to notice that you your- 
self have answered the question, proposed 
and discussed in the last lessons, as to 
what would happen if the nitrogen of the 
air were removed and its place were taken 
by oxygen. 

The conditions and the results of the 

burning of the splinter, the matches and 
the picture wire in the jars of oxygen 
show that an atmosphere of pure oxygen 
would be the basis for a very dangerous 
and destructive conflagration. If we could 
live safely in an atmosphere of oxygen, 
and if you should build a fire in your cast- 
iron stove in an atmosphere of pure 
oxygen, you would see the stove itself 
take fire and burn like butter. As to the 
ability of a man to live in an atmosphere 
of oxygen, there would be nothing poison- 
ous about it, but the body would be con- 
sumed as by a fever, probably faster than 
he could eat food and digest it to sup- 
ply material for the good red_ blood. 
There used to be an experiment in this 
line, illustrated by catching a mouse in a 
trap which does not injure the little ani- 
mal and letting him loose in a jar of 
oxygen. If you should try this, you would 
undoubtedly see the mouse jumping about 
in a state of great nervous excitement, 
where he probably is not really suffering 
pain, but is simply, literally, “burning his 
candle at both ends.” An animal in such 
a condition would probably not live many 
hours, but would quickly exhaust the food 
supply in the blood and tissues by the 
over-combustion and excessive burning 
due to the extra supply of oxygen. 
" In this connection, you will probably be- 
gin to get interested in the atmosphere, as 
you will read about the remarkable way 
in which animals exhaust the oxygen of 
the atmosphere, and the equally remarka- 
ble way in which green plants replenish 
the oxygen of the atmosphere by absorb- 
ing the carbonic-acid gas of the air, re- 
taining the carbon and giving back a part, 
at least, of the oxygen to the air. 


THe ATMOSPHERE ONCE HELD Mucu Less 
OxyYGEN THAN Now 


There probably was a time in the his- 
tory of our globe when the atmosphere 
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contained very much less oxygen than at 
present, and the fairly good supply that 
we now have has been accumulated 
through long ages by the continuous ac- 
tion of the bright sun shining on green 
(chlorophyll-bearing) plants. The present 
condition of the oxygen in the atmos- 
phere, making about one-fifth by volume 
of the air, is well suited for the support 
of both plants and animals, and also for 
the safe burning of the coal under your 
boiler. If there were very much 
oxygen in the atmosphere, the burning 
would be much more sluggish; and if 
there were much more oxygen in_ the 
atmosphere, the burning, as shown by th« 
experiments you have made with your 
jars of oxygen, would be much more 
violent, dangerous and difficult of control. 

Before we close this lesson let us go 
back and examine the first jar of oxygen 
in which you burnt the wood splinter. 
Pour in a few teaspoonfuls of limewater, 
and you will get the same milky precipi- 
tate of plain carbonate of calcium that 
you got in your earlier experiments, and 
with which you are now getting pretty 
well acquainted. Of course, you can treat 
this plain carbonate of calcium in the same 
way that you did before, namely, by blow- 
ing in air from the lungs, and changing 
it to the soluble extra or bicarbonate of 
calcium, although there may be carbonic- 
acid gas enough in the jar from the burn- 
ing of the wood splinter to do this with- 
out any blowing. 

The next jar to test is that in which 
you burned the match ends. In this you 
will pour a little water, or if you poured 
water in at first to protect the bottom, that 
will do. Throw in two pieces of litmus 
paper, both the red and blue, and you will 
probably see that the burning of the sul- 
phur or the phosphorus in the oxygen 
produced the same acid-like substances 
that you previously got by burning sul- 
phur or phosphorus in the air. If you 
pour in a little limewater you may get a 
white milky precipitate, or indeed a mix- 
ture of two or three precipitates. These 
white precipitates are largely the sulphites, 
the sulphates and the phosphates of cal- 
cium; although the wood of the match 
ends in burning will also have produced 


less 


some carbonic-acid gas, which again will 
give you your friend, plain carbonate of 
calcium. 

The test with the jar in which you 
burned the iron wire will probably not 
give you very much to note, either with 
limewater or with litmus, because the 
sand at the bottom of the jar will inter 
fere with the tests; but at all events you 
want to collect some of the fused globules 
of magnetic oxide, which you will notic« 
are really bubbles, not solid shot; and 
you will also want to preserve the burnt 
end of the picture wire with its globule of 
molten magnetite. 

This set of experiments will start you 
still farther on the right road for the 
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examination of the atmosphere, and will 
give you many things to think of. If there 
ire any questions which you want ex- 
plained, just write them in a simple in- 
quiry to Power, and I will answer them 
io the best of my ability. 

We have now studied something about 
the atmosphere and about oxygen, and 
this is a very good start in laying the 
broad foundations of chemistry, for 
oxygen is found in many substances, and 
yet it represents only one side of chemi- 
cal action, namely, that of oxidizers. The 
other side, contrasted with that of oxi- 
dizers, is that of reducers, which are well 
represented by hydrogen, which we will 
study next. Hydrogen is found in water, 
in all acids, and in many other substances; 
and in the next two lessons we will con- 
sider the subject of hydrogen; first the 
making, and then the testing of it. All 
of this you can easily do in the homemade 
laboratory of your boiler room. 





Illinois Fuel Conference 


The first Illinois Fuel Conference took 
place at the University of Illinois, Cham- 
































paign, March 11, 12 and 13. The confer- 
ence brought together a varied represen- 
tation of those interested in coal mining, 
not only as miners and operators, but 
also as engineers and geologists. The 
purpose of the conference was to find 
means for reducing the dangers incident 
to coal mining and to conserve the natural 
resources of the State by improved meth- 
ods of mining, and to utilize to better ad- 


vantage the coal after being mined. Many 
of the ablest men associated with this 
question, both from the practical and 


theoretical standpoints, attended. the con- 
ference and participated freely in the dis- 
cussions. . 

The United States Geological Survey, 
in codperation with the State Geological 
Survey, has established at the College of 
Engineering, University of Illinois, a 
mine-explosion and rescue station. The 
purpose of the station is to interest mine 
operators and inspectors in the economic 


value of such modern appliances .as 


oxygen helmets and resuscitation appara- 
tus as adjuncts to the normal equipment 
of mines, 


The station will also concern 


SHOWING BREAK IN LOW-PRESSURE CYLINDER OF ENGINE 
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itself with the training of mine bosses and 
others in the uses of such apparatus. Its 
service is to be rendered gratuitously and, 
as far as possible, to all in Illinois, Indi- 
ana, Michigan, western Kentucky, Iowa 
and Missouri, who may desire the benefits 
therefrom. The formal opening of the 
station constituted part of the proceedings 
of the conference. 





Top of Cylinder Blown Off 


A very peculiar accident recently oc- 
curred to an 18 and 36 by 48-inch cross- 
compound Whitehill-Corliss engine at the 
Poughkeepsie Heat, Light and Power 
Company’s plant, Poughkeepsie, N. Y. 
The entire top of the low-pressure cylin- 
der between the valve chambers was 
blown out, part of the casting going 
through the roof. 

The engine was started at 7:20 a.m. in 
the usual way and had been running until 
10 o'clock, when the rupture occurred. 
No valves had been touched, nor connec- 
tions interfered with, and all receiver 
valves and line valves were sealed open. 
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of the year, which made it absolutely 
necessary to get some work done by the 
engine, the high-pressure cylinder 
120 pounds boiler 


help out, and was run in this way when 


was 
used at pressure, to 
needed for about a month after the acci- 
dent to the low-pressure cylinder. The 
engineer had the engine for the 
evening run and had started to warm up 


oiled 


the cylinder, by opening the throttle valve 
a “crack” to admit steam to the cylinder. 
A few seconds afterward a loud report 
was heard and the top of the high-pres- 
sure cylinder passed through the roof in 


the same manner as the low-pressure 
cylinder. The cause was attributed to 
water hammer, as the engine had _ not 


moved, and it seems very likely that such 
was the case, as upon dismounting the 
throttle valve part of the body of the 
valve was found to have been carried 
away. This, although the valve was 
closed, had permitted steam to leak into 
the engine and it is very probable that in 
starting up the large body of water which 
had accumulated was not taken into con- 
sideration. 

As in the case of the low-pressure 
cylinder, no damage was done to any- 
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The engine was running on 120 pounds 
pressure from a battery of horizontal- 
tubular boilers, and low receiver pressure, 
usually 3.5 pounds, with a 26-inch vacuum 
showing on the gage board. 

Just before the accident, the generator 
was running on about half load, or 200 
kilowatts. Part of the flying metal cut 
the belt, which displaced the gage board 
and wrecked the governor gear. Aside 
from this, there was little damage done to 
either the engine or the building. . 

Close examination of the metal around 
the outside of the fracture showed a clean 
new break, with a minimum thickness of 
1% inches, but the two ribs both had old 
breaks, as shown in the sketch. One rib 
left on one piece which was blown out 
showed several cracks in the corners, 
which showed that where the cracks were 
the metal was stronger than at the other 
end of the rib. The two ribs shown are 
all that supported a 4434x36'%-inch 
surface. 

* The engine has been running off and on 
for 15 years, but a great part of that 
time was idle. On account of the season 
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Fracture 
Power, N.Y. 


thing outside of the engine, with the ex- 
ception of a lubricator and a few minor 
fittings. The rib in the center’ of the 
cylinder and the body all around showed 
a clean and new break and there were no 
flaws or blowholes showing. 





A report published in the Mechanical 
Engineer deals with a fatality due to the 
rupture of a badly fitting cast-iron sludge 


door of a vertical boiler on board the 
steamship “Naiad,” while lying at the 
wharf at Stirling on November 13 last. 


The door, which was made of cast iron 
and measured 434x3'4 inches, was secured 
in the usual way by means of a stud and 
dog, but the door was an exceedingly bad 
fit, which led to its being submitted to 
severe stresses when tightened up under 
steam, with the result that it fractured. 
This led to the contents of the boiler be- 
ing blown out upon the owner of the ves- 
sel, who was screwing up the nut at the 
time, and to his receiving such severe in- 


juries that he died shortly afterward. 
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The Lee Smokeless Furnace 
Under a Modified Con- 
tinental Boiler 





Something new in furnace, or rather 
stoker, construction has been invented by 
Thomas F. F. Lee, a lawyer of some note 
in Brooklyn. The stoker consists of two 
side grates, arranged on the arc of a cir- 
cle and conforming nearly to the outline 
of the boiler shell, and also a flat grate 
immediately beneath the boiler. The ele- 
ment of which the side grates are com- 
posed is a bar 14 inches in length and of 
the cross-section shown in Fig. 1, that is, 
four fingers with spaces between for the 
admission of air. The grate bars are 
mounted in series, usually four, on a 
square bearing bar running the length of 
the furnace and projecting through the 
boiler front, so that by means of a special 
wrench, or automatically, as indicated at 
the left of Fig. 1, the bars may be given 
a slight movement and gradually push the 
coal toward the bottom grate. The fuel 
is introduced at the side of the boiler, 
and as it gradually finds its way toward 


FIG, I. 





THE LEE SMOKELESS FURNACE 


POWER AND THE ENGINEER. 


the bottom of the furnace, disappears as 
gas through the uptake and in the form 
of a very fine ash through the bottom 
grate. There are no clinkers, but fine 
particles of carbon drop through the small 
openings in the grate. It is the intention 
at some future date to arrange a fine sieve 
below the bottom grate and by means of 
a conveyer of special design return the 
coke to the furnace, leaving nothing but 
the fine white ashes, which are so light 
that a small proportion of them are car- 
ried by the draft through the furnace flue 
to a pit arranged at the rear of the boiler. 

There is provision for admittance of 
air at two points on the sides of the 
furnace and also through the fuel at the 
top. The greater portion of the air passes 
through the admission at the floor line 
and a part of the air enters downwardly 
through the fuel and at the tops of the 
side grates. This latter admission is 
necessary to draw the fire up through the 
columns of fuel. A damper is provided, 
as shown, to regulate the amount of air 
passing through the side grates. With 
this arrangement the coal is coked in the 
upper part of the side grates, and the 
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FIG. 4. THE OLD AND THE NEW STACK 


volatile driven off are carried 
through and over a bed of incandescent 
fuel before they can enter the boiler. By 
the time the coal reaches the active por- 
tion of the grate, it is completely dried, 
so that there is no opportunity for the 
production of smoke, and almost perfect 
combusticn is obtained. From the top of 
the stack, which is only 25 feet above the 
boiler, there is positively no trace of 
smoke. 

The beiler itself, which is shown in 
Icngitudinal cross-section in Fig. 2, is 
simply a modification of the Continental 
boiler, containing a large corrugated flue 
to carry the gases to the rear, and a few 
more tubes than is usual in this type of 
boiler. The gases enter the furnace flue 
through a narrow neck at the bottom, of 
the same length as the grate and about 9 
inches wide, wind around the large flue 
to the rear of the boiler and pass out 
through the the stack. The 
boiler is set on the floor line, with a pit 
in front about 3 feet deep to accommo- 
date the boiler front, giving room for the 
ashpit and space for the boiler tender or 
fireman to give the side grates the slight 
upward movement regulating the feed of 
the coal, also to remove’ the ashes from 
the bottom doors visible in Fig. 2. 

An installation of this type of boiler 
and furnace, Fig. 3, was made at the 
Dover Boiler Works, Dover, N. J., April 
I, 1907, and from September 1, 1907, has 
been in continual operation, displacing two 
48-inch by 16-foot boilers of the locomo 
tive type, rated at 50 and 60 horsepower, 
respectively. The works contains a Clay 
ton air compressor, T10xt6xt6x10x1o 
inches, a second air compressor, 8x12 


gases 


tubes to 
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inches, a 50-horsepower Corliss belted en- 
gine and a 25-horsepower engine belted 
to a dynamo. Frequently this machinery 
is all running at the same time, and the 
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boiler in question has handled the load 
since its installation 
whatever. 


with no difficulty 

The boiler is 6 feet in diameter and 11 
feet 6 inches long; contains eighty-four 
3-inch tubes, a 27-inch Nlorrison furnace 
flue, and operates on a steam pressure of 
110 pounds per square inch. The neck is 
56 inches long by 9 inches wide, and the 


4- 3 Tubes 


Floor Line 
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grates are of the same length. The area 
of each side grate is 24 square feet, and 
of the flat, bottom grate, 8 square feet. 
Two-thirds of the side grates are consid- 
ered active, making a total of 4o square 
The distance from 
the bottom of the shell to the flat grate is 
15 inches and from the shell to the near- 
est inclined grate is 6% inches. The heat- 


feet of grate surface. 
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FIG. 2. LONGITUDINAL SECTION THROUGH BOILER AND FURNACE 





FIG. 3. 


INSTALLATION AT DOVER BOILER WORKS 


ing surface, computing the total area of 
the flue and the tubes, and neglecting the 
small amount of surface in the heads ex- 
posed to the gases and that of the shell, 
amounts to 892 square feet. 
by 12, the usual 


Dividing this 
allowance of heating 
surface per horsepower for a boiler of this 
type, would give a rating of 74 horse- 
power, and dividing the same figure by 
40 would give a ratio of active grate sur- 
face to heating surface of 1 to 22.3, which 
is considerably below average design. 

A grate surface of 40 square feet is a 
little more than is usually installed in a 
boiler of this diameter, and the heating 
surface is somewhat lower, which would 
account for the small ratio. The area of 
the neck is approximately 500 square 
inches, the total internal area of the tubes 
about the same, and the area of the corru- 
gated flue a trifle 570 
square The stack rises 25 feet 
above its base at the top of the boiler, is 


more, or about 


inches. 


27 inches in diameter and consequently 
has an area of 572 square inches. 
Cumberland coal was used in both the 
old and the new installations, containing 
by analysis of Samuel P. Sadtler & Son, 
of Philadelphia, 13,315 B.t.u., and 13.4 
per cent. ash. Fguring over a period of 12 
hours and including the coal necessary to 
hold the fire overnight, an average of 175 
pounds of coal per hour is burned in the 
Dover plant, which would mean the un- 
usually slow combustion of 43% pounds of 
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coal per square foot of grate, or nearly 

2 pound of coal per square foot of heat- 
ing surface. 

Shortly after the plant was installed at 
Dover a 10-hour test was made by J. M. 
Whitham, of Philadelphia, with the fol- 
lowing results: Evaporation from and at 
212 degrees Fahrenheit, 11.67 per pound 
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ditions were made by Charles W. Scrib- 
ner, of New York City, and the average 


result was an evaporation from and at 
212 degrees Fahrenheit of 12.8 pounds of 
water per pound of dry combustible. 


These figures are extremely high, in fact 
almost bordering on the theoretical. 
that they are 


It is claimed, however, 
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supply of air under the side grates, or in 
reality varying the active portion of the 
side grates, the boiler will run just as 
economically at 40 or 50 horsepower as 
at its normal rating. The short stack is 
a feature worthy of note, and is probably 
allowable on account of the thin fuel bed 
and the low rate of combustion, although 
the inventor has some remarkable theories 
in this regard. 

More recent installations of this type 
of boiler have been made at the plant of 
the Singleton Silk Mill Manufacturing 
Company, Luxemburg, N. J., which has 
installed a 125-horsepower boiler; at the 
plant of the Buffalo Dredging Company, 
foot of Porter avenue, Buffalo, N. Y., con- 
taining a 100-horsepower boiler, and 
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FIG. 5. TRIPLET DESIGN OF THE LEE BOILER 
of dry combustible; horsepower de- substantially maintained in ordinary, the Murray Electric Light 
veloped, 98.5; moisture in coal, 8.25 per everyday operation. The appearance of Company’s plant, Monticello, N. Y., which 


cent.; dry ash and refuse, 19.38 per cent.; 
ash by analysis, 13.4 per cent.; draft at 
damper in stack; 0.038 inch of water; 
draft in furnace, 0.0651 inch. 
Subsequently two tests of 10 hours each 
with the same coal and under similar con- 


the stack would indicate almost perfect 
combustion, and the evaporative figure an 
unusually high efficiency. The absence of 
smoke and the simplicity of the grate are 
also points in favor of this construction. 

It is also claimed that by regulating the 


has installed a 175-horsepower boiler. | 
all of these plants the side grates are reg- 
lated by hand, but it is the intention in 
future designs to provide the shaft indi 
cated in Fig. 1 and operate the grates oy 
cam movement. It is also planned to '- 
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stall the sieve under the flat-bottom grate 
and the small conveyer previously men- 
tioned. Another innovation is to arrange 
the boilers in twin or triplet design, a 
view of the latter arrangement being 
shown in Fig. 5. For the twin design the 
two lower boilers are brought closer to- 
gether and the space occupied by the third 
boiler in the triplet design is arched over 
with firebrick. Boilers of the usual design 
are to be used and the arrangement of 
the gas passage is indicated in the draw- 
ing. The Smokeless Furnace and Boiler 
Company, 44 Court street, Brooklyn, N. 
Y., is to control the manufacture of these 
boilers and stokers, every feature of which 
is covered by application for patent. 





Experience with Gas Power in a 
Grist Mill 


By H. B. MEssENGER 





Following is a presentation of actual re- 
sults obtained in six months’ operation of 
an 85-horsepower Jacobson producer-gas 
engine anda suction-gas producer 
in a flour mill, operated entirely by men who 
have never had the slightest previous ex- 
perience with gas engines or producers 
of any sort. This engine took the place 
of a good automatic steam engine, rated 
at 100 horsepower, maximum, and easily 
capable of delivering ‘90 horsepower con- 
tinuously. It was supplied with steam by 
two horizontal return-tubular boilers, one 
60 inches and the other 66 inches in 
diameter, and both 16 feet long and rated 
respectively at 80 and too horsepower. 
These boilers were kept thoroughly clean 
inside and the tubes were scraped daily. 
The feed water entered the boilers at 
nearly the boiling point and 100 pounds 
boiler pressure was carried. The main 
steam pipe to the engine was short, of 
ample capacity and well jacketed. 

At times it took very good firing to 
keep the engine supplied with steam with 
both boilers running, and it was impos- 
sible to run all the machinery in the mill 
to its full capacity; the engine would not 
drive it at full speed. The normal coal 
consumption, using. the best grades of 
Georges creek soft coal, was in the neigh- 
borhood of two tons per day, varying, of 
course, with the amount of work being 
done, the condition of the boilers, etc. 
The gas engine installed to displace the 
steam engine is rated by the builders at 
from 75 to 85 horsepower. It is a tan- 
dem engine, with cylinders of 14 inches 
bore and 18 inches stroke. It is very 
heavy throughout, the engine with fly- 
wheels, mounted, weighing in the neigh- 
borhood of 14 tons. The shock of the ex- 
plosion of charges is well absorbed in con- 
sequence, and the engine runs very stead- 
ily and smoothly. The speed is 220 revo- 
lutions per minute. 

The engine was started July ro, 1908, 
on its regular work, beginning that day 
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upon a new carload of pea anthracite. 
Since then it has run steadily with very 
few interruptions, and has proved fully 
capable of driving the entire mill to its 
capacity and at full speed. Some of the 
hardest running machinery in the mill, a 
line taking at least 30 horsepower to oper- 
ate at full capacity, is thrown in and out 
without affecting the engine or producer 
apparently in any way. It is not found 
necessary or even advisable to notify the 
operator when this heavy load is to be 
added, the producer and the engine both 
taking care of the added load without any 
attention. The speed regulation is of the 
best, it being impossible, once the engine 
is fairly at work, to notice any variation, 
upon adding the work in large units, with- 
out using a speed indicator. 

The producer used with this plant was 
built by the Smith Gas Power Company, 
Lexington, O. It is to feet high and 5 
feet in diameter on the outside, lined with 
firebrick about 8 inches in thickness, mak- 
ing the inside diameter about 4% feet. 
The ashpit is about a foot in depth, and 
the gas-collecting ring in the top occu- 
pies very little space. It is only neces- 
sary to charge this producer or to work 
on the fire once each day ordinarily, but 
if the engine is running heavily loaded it 
is sometimes advisable to settle the coal 
down compactly about the middle of the 
day. From 500 to 1000 pounds of coal is 
put in once per day, this being sufficient 
for an 11-hour run, and to keep the fire 
over night. Very little heat is thrown 
out; the top of the producer feels warm 
to the hand, but not hot when the fire is 
in proper order. The water in the seal 
at the top will last all day without re- 
newal. While the producer will run all 
day without attention, it has been found 
that a little attention to the fire about the 
middle of the day will give better results 
as to regularity in the quality of the gas; 
also that a little judicious work in clean- 
ing and poking down the fire about closing 
time will save work and time in starting 
in the morning. 

The time required to get started in the 
morning depends almost entirely upon the 
management of the fire by the operator. 
We have started on Monday, the fire hav- 
ing been kept over from Saturday night, 
in fifty minutes from the time of enter- 
ing the engine room, and it seems proba- 
ble that with a little more experience and 
care this time can be still farther reduced. 

Some few minutes are required after 
the engine is started before all the load 
can be thrown on. It is good policy to 
have the engine and producer in operation 
for thirty minutes before attempting to 
carry the full load or to throw parts of 
the load on and off without variation in 
the speed, owing to the fact that the pro- 
duction of gas is not fully under way. 

More grain has been ground at this mill 
since the installation of this plant than 
ever before in the same length of time. 
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Three cars of coal have been taken in 
for the use of this producer, the aggre- 
gate weight of the three cars being a little 
under 88'% tons. No other coal has been 
used in its operation; some coal has been 
sold and several tons were on hand on 
January 5, when the stock was last meas- 
ured. The consumption has been about 80 
tons in six months, or a little over 13 
tons per month. The mill runs tr hours 
per day. 

Fire has been kept the entire time, over 
night and over Sunday. Some coal has 
been wasted by the inexperience of the 
operator, and one car of the coal proved 
to be not suited to the work, entailing 
the consumption of about one-third more 
coal per day than the coal in either of the 
other cars. 
per horsepower-hour has been found to 
cover a wide margin of safety, and 
besides the saving in coal, the labor and 


The guarantee of 1% pounds of coal 


attention are very much less than were 
required for the steam power. One man 
does the work, as he did with the steam 
plant, but he is able to do a great deal of 
outside work and has time to spare. He 
has been known to come to the office in 
cool weather to get warm, there not being 
enough heat and work in the engine room 
to accomplish that result. It is needless 
to say that in warm weather his position 
has changed from a very undesirable one 
to one of the best about the mill. 

The miller is also highly pleased with 
the change. He can now operate any or 
all of his machinery at any time and the 
mill never lags, avoiding much trouble by 
chokeups, etc. The mill runs with much 
less attention, and does better work and 
more of it. In short, no one about the 
place, from the proprietor down, would 
contemplate a change back to steam with 
any degree of pleasure, but all would 
about equally oppose such a change. 





Lecture on Water Tube Boilers 


On Tuesday evening, March 16, P. C. 
Idell delivered an illustrated lecture be- 
fore the Modern Science Club of Brook- 
lyn on the subject of water-tube boilers. 
Much of the matter was historical and the 
speaker showed views of boilers with 
hollow water grates from the ruins of 
Pompeii. After these came illustrations 
showing the work of the earlier modern 
designers beginning with Blakey in’ 1766 
and taking up in turn the work of Rum- 
sey, 1788; Stevens and his son, 1804 and 
i805; Griffith, 1821; Eve, 1825; Perkins, 
1832, and Field, 186r. 

The balance of the lecture was given en- 
tirely to showing the development of the 
water-tube boilers as manufactured by the 
Babcock & Wilcox Company. Following 
the lecture an interesting discussion, last- 


ing about an hour, took place. 
A 
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The Boiler Inspector 





Sometimes an inspector’s report makes 
absurd demands or recommendations, but 
this is n0 more reason why the engineer 
should condemn the principle of inspec- 
tion than that he should refuse to con- 
sult a physician when some member of 
his family is sick, simply because some 
“dub of a doctor” had cut open a friend 
to remove his appendix and found the 
trouble to be caused by his kidneys. 

With men who are equal as regards the 
gift of observation and the ability to rea- 
son from cause to effect, the boiler in- 
spector has opportunities to perfect him- 
self in diagnosing boiler troubles so far 
superior to those of the operating engi- 
neer that comparison seems absurd. A 
boiler inspector sees thousands of boilers 
where the: engineer sees one. 

Instead of looking forward to the in- 
spector’s visit as an unpleasant duty, to 
be got through with as soon as possible, 
and with the least trouble, look upon it 
as an opportunity to add to your store of 
knowledge, and the possibility of your 
finding some contemplated change in your 
equipment which will be worth while. 

No one has a corner on ideas, and it is 
very likely that John Smith, who has a 
plant almost the same as yours, is a pro- 
gressive engineer like yourself, and is 
always scheming to add to the economy 
of his plant. Possibly some of the same 
changes have occurred to him as being 
beneficial that you now have under con- 
sideration, and it may be that he has tried 
some of them with success, while others 
proved failures. You cannot avail your- 
self directly of Mr. Smith’s experience, 
because you do not know him, and are 
not likely to meet him, his plant being 
located in another State. 

Now, the inspector who goes to Smith’s 
plant also comes to yours, and Smith has 
told him, with pride, of the different im- 
provements he has made, and if he fs a 
real broad-gaged engineer he has also 
told him of his failures; and if you will 
only make a friend and confidant of the 
inspector you will have much of Smith’s 
experience at your command, as well as 
that of a great many other engineers. 
You can never gain the inspector’s good 
will by making his duties hard. Boiler 
inspecting at best is a tiresome and dirty 
job and you do not gain the inspector’s 
respect or good will by making him crawl 
through three feet of ashes or drag himself 
through a lot of mud in the bottom of 
your boilers to make his inspection. 

Make his labors as easy as possible, and 
what adds as much to his comfort as 
properly preparing your boilers for inspec- 
tion is to show him by your manner that 
you are glad to have him visit your plant, 
and appreciate the points he can give you 
regarding the kinks your brother engi- 
neers are using. No matter how you re- 


gard the inspector’s opinion, never try to 
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deceive him regarding the condition of 
your plant, and do not leave him to find a 
defect which you know to exist, but tell 
him of it. By such tactics you at once 
gain the confidence of the inspector and 
at the same time disarm him in his posi- 
tion to give you information, regarding 
your plant, which you as the responsible 
head should be aware of yourself. The 
inspector has nothing to gain by making 
you his enemy, and the chances are, by 
long odds, that if he turns in a report re 
garding your plant which you do not con- 
sider good, he thoroughly believes he is 
right and is merely doing his duty to his 
company and your employer as he sees it. 

Never take exception to an inspector's 
report unless you are prepared to show 
conclusively that you are right, for if the 
inspector is right (and in the great ma 
jority of cases he is right), and he can 
prove it, your objections merely strengthen 
his position with your employer, and 
will greatly injure yours in any future con- 
troversy. 





Boiler Room Supervision 





If you were conducting a_ chemical 
works in which some fifty dollars worth of 
chemicals were converted per hour by a 
process which, with reasonable care, 
would yield eighty per cent., but which 
might easily, through the personal factor, 
be dropped to fifty, would you go out to 
the dump and hire the cheapest laborer 
who could handle a shovel and put him 
in charge of the department? The burn- 
ing of coal is a complicated chemical pro- 
cess. The transfering of the heat which 
is generated by that combustion into water 
and the production thereby of steam is a 
process which affords opportunities for 
economy or waste. The apparatus in 
which these processes are conducted is 
usually under high pressure, a source of 
danger if carelessly or ignorantly handled, 
however safe and adequate it may be in 
competent hands, subject to rapid dete- 
rioration and costly repairs largely avoida- 
ble by skilled and intelligent manipula- 
tion. 

We do not advocate the placing of the 
boiler room in charge of a professional 
chemist, but there are men who 
specialists in this line who can save a 
very considerable proportion of the coal 
which is fired in the average plant, men 
who know how much coal a fireman can 
and ought to handle per shift, and how 
he ought to fire it; men who are capable 
of determining the value of the coal which 
you get, and of the composition of the 
flue gases; capable of getting the larges 
amount of steam per dollar’s worth of 
coal, of keeping down leaks and repairs 
and of forestalling accidents and_ shut- 
downs. But this class of man does 
work for a dollar and a half a day and 
would not be content to hang his clot'ies 
on a buckstave bolt and wash in a pail. 


are 
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Firing is dirty work, but there is enough 
clean money to be saved by doing it right 
to make it worth while to pay a high-class 
man, and the physical conditions can be 
improved to such an extent that they will 
not repel men of that character. 





Coal Consumption and Power 
Plant Economy 


One of the first questions a visiting 
engineer naturally asks is: “What is your 
coal consumption per kilowatt- or per 
horsepower-hour?” He wishes to find 
this out so he can compare the work of 
his plant with that of others. 

It is well to remember that the 
coal consumption per unit of output is, 
at best, only a partial indication of the 
efficiency of a power station, although it 
depends greatly upon the way in which 
the boilers, auxiliaries and engines are 
handled, with respect to the load varia- 
tions. It is far more important to ap- 
proximate, if possible, the total cost of 
power production per unit, including the 
principal items of fuel, labor, water, oil, 
waste, repairs and, in some cases, sundry 
items of purely operating equipment or 
tools. Of course, the total cost cannot be 
known until the fixed charges are figured. 

The total coal consumption per kilo- 
watt-hour may be higher one year than 
another, and yet the total power cost ex- 
clusive of fixed charges may be less. In 
one case, the coal consumption was 3.45 
pounds per kilowatt-hour one year, and 
3.26 pounds the next. The cost of power 
manufactured in the first year, however, 
was 1.22 cents per kilowatt-hour and the 
second year 1.24 cents. Thus, quite a 
noticeable difference in the amount of 
coal used per unit of output really pro- 
duced little effect on the plant cost of 
operation as a whole. This does not 
mean that the coal consumption was un- 
important at any time, however, for it is 
only by pruning down all excess quanti- 
ties in plant operation that the final cost 
runs low enough to make a good show- 
ing. The chief reasons why the cost was 
a little greater in this plant in the year 
when the coal consumption per kilowatt- 
hour was the least were an increase of 
13 cents per ton in the coal cost at the 
plant, an increase in the water cost of 
$500, an increase of $700 in steam-plant 
repairs and an increase of $2300 in elec- 
tric-plant repairs. The labor cost was 
actually a little less per kilowatt-hour 
during the year when the total expense of 
production was higher. 

During another year in this same sta- 
tion the coal used per kilowatt-hour was 
the same as in the first year cited, 3.45 
pounds, but the total cost of production 
Was 1.32 cents, as compared with 1.22 
‘ents during the first year. The plant 
turned out 25 per cent. more energy dur- 
ing the year when the cost was lowest, 
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which was certainly an important factor 
in the decreased expense. The cost of 
coal per ton in the less expensive year 
was 10 cents less than in the higher cost 


year. What made the difference then? 
Going over the records of the plant in 
detail we find that the total cost of 


manufacture was $7000 less in the higher 
cost year, so that the saving was prac- 
tically all due to the gain in load. 

One of the chief difficulties of economi- 
cal operation in electric-power plants is 
due to load variation, making it far from 
easy to operate the machinery at the 
capacities for which it was designed. 
There is scarcely any form of equipment 
known to power-plant engineering which 
will operate efficiently at low outputs, 
compared with the results which can be 
obtained when the machinery is run close 
to its rating. The steam engine will not 
do its best work when underloaded. The 
turbine is less affected by a reduction of 
load from 75 to 50 per cent. of normal, 
but when its operation with auxiliaries is 
taken into account, and this is the only 
way of actually finding out what a steam- 
turbine installation will do, it will soon 
be seen that operation at as near full 
load as possible is required for the high- 
est economy of power production. 

Neither can the gas-engine plant be 
operated at underloads with any pros- 
pect of securing the best results in oper- 
ating efficiency, and in all plants the lar- 
ger the output for a given equipment, the 
less will be the station labor and repair 
cost per unit. 





Is Material or Method Responsible 
for Lap Joint Cracks ? 


The memorandum of C. E. Stromeyer, 
chief engineer of the Manchester Steam 
Users’ Association, for 1907, refers to 
numerous samples of boiler plate which 
were tested in an endeavor to ascertain if 
mild steel possessed aging qualities. 
Among these samples were three taken 
from boilers that had cracked or 
ploded in service, and the history relative 
to one set of these samples is very inter- 
esting as, possibly, throwirig some light 
on the question of the cause of the so- 
called lap-joint cracks. 

From this report it appears that in 1888 
nine boilers were built by one maker and 
installed in a plant, and although they 
were built at the same time, four differ- 
ent makes of acid open-hearth steel were 
used in their construction, all four makes 
being considered of equally high grade. 
Five of the boilers were constructed of 
make A, one of make B, one of make C 
and the remaining two of make D. After 
about four years of service an inspection 
revealed two cracks of the hidden lap- 
joint type in different boilers, one being 
constructed of steel A and one of steel B. 
Subsequent inspections about a week apart 
revealed the same kind of cracks in boil- 


ex- 
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ers built of steels C and D, after which 
the entire nine boilers abandoned. 
Shortly afterward a hydrostatic test de- 
veloped an additional seam crack in the 
boiler constructed of steel B, and all of 
the rivets in the longitudinal seams of 
this boiler were removed, but no additional 
cracks were noted and the plate did not 
appear to be brittle. 

It would appear from the facts in this 
case that the quality of the material was 
not a factor in the formation of the 
cracks, for in the five failures each of the 
four different makes of con- 
cerned. This apparently the 
method of manufacture or manner of lay- 
ing up the seams to account for the fail- 
ures. 


were 


steel was 


leaves 


While this case is rather unusual, 
in that it affords an opportunity for com- 
parison between different makes of steel, 
in boilers for a single plant, made by one 
manufacturer at the same date, it must 
be admitted that the evidence is very good 
that the quality of the plates was not the 
cause of the cracks. The evidence in this 
case also coincides with the experience 
of an engineer who has gathered con- 


siderable data relative to this form of 


boiler failure in one. section of the 
country. 
It was found that while the make of 


plate concerned in such failures was ap- 
parently well distributed among the steel 
manufacturers, the distribution of the fail- 
ures among the boiler makers which sup- 
plied the sections in question was not uni- 
form, but was confined to a very limited 
number. This would indicate that the 
method of manipulation is a more im- 
portant factor in the formation of such 
cracks’ than the quality of the plate used. 
The real cause or causes of the forma- 
tion of the lap-joint crack are probably 
not yet thoroughly understood. 

It is evident from the report that Mr. 
Stromeyer does not regard the use of the 
lap joint in the same light that it is being 
viewed by numerous engineers in. the 
United States, for in commenting on the 
apparent good qualities of the steel found 
in the three cases of failure first men- 
tioned, he has the following to say: 

“Tt should be mentioned that although 
lap joints are very common in stationary 
boilers and give perfect satisfaction, they 
seem to have been the cause of many loco- 
motive explosions in the past, and lap 
joints are now hardly ever used in loco- 
motive-boiler shells. The reason for this 
difference of behavior is not evident, but 
the mere fact that lap joints haye failed 
in the past under certain conditions sug- 
vests that this type contains a trace of an 
element of uncertainty which once or 
twice in a decade leads to an accident. 
This implies that these three failures may 
perhaps be due not to the material, but to 
the joint, or to its mode of manufacture, 
and if, as in these cases, the steels do not 
differ under the various tests from pro- 
fessedly good steels, it must not be as- 
sumed that the tests are at fault.” 








620 POWER AND THE ENGINEER. March 30, 1909. 


Power Plant Machinery and Appliances 


Original Descriptions of Power Devices 
No Manufacturers’ Cuts or Write-ups Used 


MUST BE NEW OR INTERESTING 





Lagonda Feeding Device 





We illustrate herewith a new device 
that permits the operator to sit in a com- 
fortable position on a platform or scaf- 
fold outside the boiler and with very lit- 
tle physical effort feed the turbine tube 
cleaner into one tube after another. In- 













Han b+ 





Dre ir DTP id ta a bt bt 


HHH HHH HHH 
rela Reid dd 6) BS 





5 Checker, : 
stead of supporting a heavy weight of Wall I 
hose and cleaner, the hose responds to his 4, opening on 
r] r ; > ] Rear Wall of 
will by his merely turning the crank, fw Wer 
After a tube is finished, the operator 
! draws the turbine into the funnel shown 


at the end, and by a new setting of the 
feeding device the funnel is centered over 
the next tube to be cleaned. The adjust- 
ment requires only a moment and the ' 
water need not be turned off until all the FIG. I. HOW THE M’GIEHAN DEVICE IS INSTALLED 





Section A-A 
Power, N.Y. 


that when one is turned by the crank 
the other turns. 

The Lagonda feeding device may be 
used with any make of turbine cleaner, 
and is manufactured by the Lagonda 
Manufacturing Company, of Springfield, 


Ohio. 
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The McGiehan “Smoke Eliminat- 


ing’ Furnace 


Another device designed to eliminate 
smoke when burning bituminous coal, and 
4 to increase the efficiency of steam boilers, 
" is illustrated herewith. It is known as 

LAGONDA FEEDING DEVICE the “McGiehan patent smoke-eliminating 





tubes are cleaned, thus effecting a great 
saving of time. aia 


The mechanism of this device consists MELE aaliaaiamaaasiaeaeeeaaaeee LLL 
of a funnel through which the cleaner is UY Yip 
guided into the tube, a stand and shaft LYE EE aacxq@x 
ing to support the funnel and hose, and a. a UY MI ME@=-! PELE: 


to provide adjustment over the different 
tubes. The shafting is jointed and 
snapped together with triggers, so that 
‘ the sections can easily be handled and 
used in the limited space between the 4 
boilers. On each section of shaft are a 
spool and rack on which the hose is 
rolled. The shafting is held in the cen- 
ter of the manhole by a tripod rigidly 
braced from the edge of the manhole. 
Extending from this tripod is the feed- 
ing device proper for feeding the hose 
into the tube: There are two capstan- 
shaped rolls which inclose and grip the Power, N.Y. 
hose, and which \are geared together so FIG. 2. SHOWING THE STEAM NOZZLE 
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furnace,” designed by P. H. McGiehan, 
Garnerville, N. Y., and handled by W. H. 
Howard, 90 West street, New York City. 
The device can be installed with any type 
of boiler. 

Under the boiler, between the bridge- 
wall and the rear wall of the setting, is a 
checker 
tending 


wall, as shown in Fig. 1. Ex- 
from the rear end of the boiler, 
the 


checker wall is a pipe, 


chamber and 
on the end of 
which is a tee, turned down as shown, 


through combustion 


for the purpose of admitting air in a 
heated state, between the bridgewall and 
the checker wall, in passing through the 
combustion chamber. 
with firebrick. 

To assist in the combustion of the fuel 
a steam nozzle is introduced on the side 
of the furnace, constructed as shown in 
Fig. 2. It is shaped something like a 
double-ended telephone receiver, the outer 
end being the larger—about 6 inches in 
diameter—the inner end being oblong, 4 
inches wide and 7% inches long. 

This device can be seen in operation un- 
der sixteen 7x18-foot return-tubular boil- 
ers at the Rockland Print Works, Gar- 
nerville, N. Y. From observations made 
by the writer it is working satisfactorily, 


The pipe is covered 
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FIG. 3. RESULTS WITH AND WITHOUT USING 


THE M’GIEHAN DEVICE 


the 
ing 


mechanical engineer at the plant stat- 
that as high as 170 per cent. of the 
boiler rating has been obtained and he has 
been able to from 11 to 12 
pounds of water from and at 212 degrees 


Fahrenheit per pound of combustible. As 


evaporate 
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a smoke consumer it would seem to be a 
success judging from Fig. 3. In this in- 
stance five boilers were fired at the same 
time with about 1890 pounds of coal with 
The 


black-smoke cloud shows the condition ex- 


and without the device in operation. 


isting before the air and steam were ap- 
plied, the clear space between the stack 
and smoke indicating the immediate result 
of their application 





Personal 





Robert Thurston Kent has resigned as 
engineering editor of the Jron Trade 
Cleveland, Ohio, to become 
managing editor of /ndustrial Engineer- 
ing, Pittsburg, Penn., a new paper devoted 
to mechanical-engineering subjects. Mr. 
Kent with the J/ron Trade 
Review since 1905, and prior to that time 
was the Electrical 


Review, 


has’ been 


associate editor of 


> © aa 
Review. 





The engineer and another were killed 
and a laborer injured by the explosion of 
a boiler at the Rich houses of the 
American Ice Company, at Farmingdale, 
Me., on March 14. 
to be 30 years old. 


ice 


The boiler was said 














SATURDAY, MARCH 6, ON INVITATION OF THE MANAGEMENT, MEMBERS AND FRIENDS OF THE INTERNAL COMBUSTION ENGINEERS’ 
ASSOCIATION PAID A VISIT TO THE NEW STEEL PLANT AT GARY, IND., TO SEE THE LARGE GAS ENGINES THERE IN 


OPERATION, 


THE ENTIRE AFTERNOON WAS SPENT IN THE WORKS AND 
TREMELY 


INTERESTING 


TOOK ADVANTAGE OF THE INVITATION 


THE VISIT PROVED EX- 
AND INSTRUCTIVE TO THOSE WHO 
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Anniversary and Presentation 


The twelfth anniversary of-the Engi- 
neers’ Blue Club of Jersey City, N. J., 
was celebrated by an entertainment and 
ball at Columbia hall on Wednesday 
evening, March 17. An_ exceptionally 
good vaudeville program was followed by 
dancing. During the evening William 
Cronley called to the stage John J. Calla- 
han and presented him a very handsome 
badge. 





Business Items 


The Dakota Gas, Electric Light and Power 
Company, Wagner, S. D., has purchased from 
the Minneapolis Steel and Machinery Company 
an 80-horsepower Muenzel producer-gas engine 
and suction gas-producer plant. This outfit will 
be installed in the electric-light plant at Wagner, 


where there is already one Muenzel unit in 
operation. 

Tripp metallic packing, manufactured by 
William B. Merrill & Co., Boston, Mass., has 


recently been applied to the 48-inch plungers 
at the Dorchester pumping station, City of 
Boston. Two more sets of the same diameter 
are now in process of construction for the same 
station. The large diameters of these plungers 
demonstrates what this type of packing will 
do on this class of work. 


The first fountain-pen plant in Canada has 
just been placed in operation by the L. E. 


Waterman Company, at St. Lambert, Que. 
[The plant is entirely electrically driven, the 
lcurrent being generated on the. premises. The 


‘generator is a Crocker-Wheeler belt-type three- 
‘phase 60-kilovolt-ampere 600-volt 60-cycle 
‘machine, running at 1200 revolutions per minute, 
ifurnished by the Canadian Crocker-Wheeler 
‘Company, Ltd., of Montreal. It is driven by 
la Bellis & Morcan English vertical engine. This 
machine was installed for immediate use, and 
the plant will be doubled before it is completed. 
The exhaust steam is used for heating the 
buildings. 

Recently the Crocker-Wheeler Company has 
had a large call for direct-current motors. One 
of the largest orders of the year in this line is 
that received from the Sprague-Warner Com- 
pany, Chicago, for 31 small motors ranging 
from 4 to 20 horsepower, and aggregating about 
150 horsepower. An order for 21 motors: for 
1-5 to 10 horsepower to drive printing machinery 
has been placed by Clark & Courts, Galveston, 
Tex. The Pittsburg Steel Company, Monessen, 
Penn., has placed an order for two 75-horsepower 
500-volt motors to drive draw benches. The 
American Auto Course Company, Chicago, has 
ordered 15 small motors of } horsepower each, 
and the Newton Machine Tool Company has 
ordered a 22-horsepower adjustable-speed motor, 
with 1:2 speed ratio. An order for nine crane 
motors has been received from the King Bridge 
Company, of Cleveland. A large number of 
orders for single motors have also been booked. 

The new 1909 catalog of the Nelson Valve 
Company, of Philadelphia, has been issued 
and contains 220 pages bound in cloth. The 
catalog shows gate, globe, angle and check 
valves made in large variety of metals. Among 
the new features are included the newly patented 
bronze, swing, check valves and hydraulically 
and electrically operated gate valves. The 
listing of steel gate and globe valves for high 
pressures and superheated steam marks a new 
era in high-class valve construction. Another 
new departure of note is the listing of open- 
hearth steel fittings. The use of engravings 
showing both inside and outside views is gen- 
erous; the descriptive articles and dimensioned 
lists immediately opposite the engravings facili- 
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tate easy and critical study of each valve. Test 
pressures as well as the working pressures are 
given in each case, so that the valve user has 
a definite basis for selection of the valve he 
wants. While this catalog is extensively pub- 
lished, it is offered free on 1equest of any reader. 


The Morehead Manufacturing Company, of 
Detroit, Mich., has sold some of its Morehead 
vacuum traps for use in connection with steam- 
turbine service to J. G. White & Co., Inc., engi- 
neers and contractors, of New York, who employ 
this trap for draining the exhaust line between 
the turbine engines and the condenser at the 
new power plant of the Delaware & Hudson 
Company, Mechanicsville, N. Y. Two No. 4 More- 
head vacuum traps are used at this plant, the 
two installations being in duplicate. These 
traps are used in conjunction with a 2000-kilowatt 
vertical turbine of the Curtis type. The inside 
dimension of the exhaust pipe is 7 feet 9 inches 
wide and 2 feet deep. The vertical distance 
from center of outlet to center of outlet is 25 
feet 7? inches. The horizontal distance from 
face to face of the flanges of the exhaust duct 
is 9 feet 6 inches. The condenser is of the 
Worthington barometric-tube type. The approx- 
imate vertical fall from the receiver on the 
exhaust duct to the water line in the trap is 
about 8 feet. The tray discharges directly 
into the discharge conduit from condensers. 
The water of condensation discharged from 
the trap is thrown away. J. G. White & Co. 
have just completed a series of exhaustive 
tests in the working of these Morehead vacuum 
traps and report satisfactory operation in every 
respect. 





New Equipment 


The Philadelphia (Penn.) Warehousing and 
Cold Storage Company will build an eight-story 
cold storage and freezing plant as addition to 
the present plant. 

The Toms River (N. J.) Ice Company has 
been incorporated by J. P. Haines, Chas. B. 
Mathis and Caleb Falkenbaugh to manufacture 
ice. Capital, $20,000. 


The People’s Electric Light and Power Com- 
pany, Silver Creek, N. Y., is in the market for 
two gas engines, 60- and 80-horsepower. Henry 
H. Brand, chief engineer. 

The Charleston Light and Power Company, 
Charleston, Miss., has been incorporated by J. H. 
Caldwell, W. B. Burke, E. D. Dinkins and 
others. Capital, $10,000. 

The council of the city of Columbus has author- 
ized the issuing of $45,000 bonds to install 
a 2000 kilowatt turbo-generator. G. H. Gamper 
is superintendent, department of lighting. 


The Berkeley Ice and Storage Company, 
Martinsburg, W. Va., has been organized by 
George Showers, H. P. Thorn and others, to 
establish ice and cold-storage plant. Capital, 
$50,000 


The Elizabeth & Perth Amboy Traction Co. 
is being formed to construct an electric railway 
from Elizabeth to Perth Amboy, N. J. Chas. 
A. Trimble, Elizabeth, N. J., is one of the incor- 
porators. 


The City Council, Tacoma, Wash., has 
authorized ¢he Commission of Public Works 
to advertise for bids for furnishing two com- 
pressors, one air receiver and two electric 
motors for Station C. 





Help Wanted 


Advertisements under this 
serted for 25 cents per line. 
make a_ line. 

EXPERIENCED engine salesman, Chicago 
territory. State age, experience and salary. 
Box 21, Power. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 


head are in- 
About six words 


Martin Grate Co., 281 Dearborn St., Chicago. 


March 30, 1909. 


WANTED—tThoroughly competent steam 
specialty salesman; one that can sell high- 


grade goods. Address ‘“‘M. M. Co.,” POWER. 

WE WANT REPRESENTATIVES to handle 
metallic packing in Pittsburg, Cleveland and 
Cincinnati. National Metallic Packing Co., 
Oberlin, O. 


ELECTRICIAN for North 
ing plant. Must fully understand power 
plant electrical work. Address, with par 
ticulars about experience, salary, ete., “H. T 
C.,” Box 18, POWER. 

WANTED—Man with $5000 to invest. 
Must have executive ability and unquestion 
able honor. To take charge of power plant 
department of engineering company. Give 
references and experience. Box 19, POWER. 

ENGINEER for North Carolina smelting 
plant; must be sober, intelligent and fully 
able to take charge of power plant of 1500 
horsepower. Address with full particulars 
about experience, salary, ete. “C. T. H.,” 
Box 18, Power. 


Carolina smelt- 


Situations Wanted 


Advertisements under this 
serted for 25 cents per line. 
make a line. 

GEORGE N. COMLY, consulting engineer. 
1816 West Genesee St., Syracuse, N. Y. Can 
give best of references if desired. Correspond 
ence solicited. 

AS ENGINE TENDER to work under 
chief engineer. One year’s experience with 
small engine; strictly sober, can furnish ref 


head are in 
About six words 


erence. ox 20, POWER. 
MANAGER, sales manager or traveling 
commercial engineer; 20 years’ experience. 


electrical and mechanical lines. M..F. Har 
wood, 20 Howard Place, Jersey City, N. J. 

SITUATION wanted by practical, licensed 
er.gineer; 10 years’ experience in power and 
refrigerating plants; desire position as as- 
sistant engineer in Chicago or vicinity; not 
afraid to work. Address James Carmichael, 
99 Crossing St., Chicago, II. 

POSITION as electrician with a company 
having good chances for advancement. An 
I. C. S. student with five years’ experience in 
electric service. At present employed and 
require ten days’ notice. Prefer Chicago. 
Box 12, POWER. 


Miscellaneous 


Advertisements under this 
serted for 25 cents per line. 
make a line. 


PATENTS secured promptly in the United 
States and foreign countries. Pamphler of 
instructions sent free upon request. C. L. 
Parker, Ex-examiner, U. S. Patent Office. 
McGill Bldg., Washington, D. C. 


IN ORDER TO SETTLE an estate, an at- 
tractive oppertunity is open to a party with 
$150,000 competent to fill responsible posi- 
tion either in the seales or manufacturing de- 
partment, to purchase an interest in a well 
and favorably known, profitable machinery 
manufacturing plant located in Pennsylvania, 
with an office and established trade in New 
York City. Address “Executors,” Box 3, 
POWER. 

‘WANTED—A second-hand cross-compound 
or tandem-compound Corliss condensing en 
gine to develop about 500 h.p. at 100 Ibs. 
steam pressure. Some concern may be con 
templating an enlargement of their plant. 
or a change in their power equipment, and 
have such an engine to dispose of in the course 
of the next few months. They might like 
to take the matter up with the advertiser. 
Kindly state where the engine can be seen 
and its price. Address “New York,” Box 6, 
POWER. 


head are in- 
About six words 


For Sale 


Advertisements 
serted for 25 
make a line. 

LARGE LOT second-hand Bundy traps: re 
built with my improvement; better than 
new. W. H. Odell, M. E., Yonkers, N. Y 

150 HORSEPOWER tandem compound Cor 
liss engine in good order; 16’ wheel; 24 in 
face. F. W. Iredell, 11 Broadway, New York. 

FOR SALE—One 9x12 Armington & Sims 
automatie high-speed piston slide valve en 
gine. Can be seen in operation until April 1! 
Studer Bros., Apple Creek, Ohio. 

FOR SALE—20x48 Wheelock engine and 
two 72”x18’ high pressure tubular boilers in 


under this head are in- 
cents per line. About six words 








good condition cheap. Address ‘Engineer, 
Box 2, Station A, Cincinnati, Ohio. 
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Analysis of Steam and Inertia Forces 


Inertia Forces of a Tandem-Compound Engine and Their Combination 
with the Steam Forces in Each Cylinder Expressed Graphically 





B Y 


In engines operating with a high piston 
speed, it is desirable to know how much 
the inertia of the moving parts affects 
the driving effort and the crank- and 
wrist-pin pressures. If an engine knocks 
on the centers, it is easily explained, but 
when a knock occurs in a later period of 
the stroke, it might cause some guessing. 
In starting and stopping the piston, with 
its rod and crosshead, energy is consumed 
and given up. The amount consumed is 
theoretically equal to the amount given 
up, and therefore should not affect the 
power of the engine, but in some cases 
the forces caused by the starting and 
stopping of masses moving at high speeds 
exceed the useful steam forces and cause 
parts to be subjected to great stresses. 
The accompanying diagrams show such 
a case which, although not very common, 
is of interest because the heaviest stresses 
exist when the lightest would be ex- 
pected. A few words might be said in 
regard to the way in which diagrams of 
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W. 


exert a centrifugal force which would be 
equal to 
W v* 


gk’ 
where 
W = Weight in pounds, 
v = Velocity of crank pin in feet per 
second, 
io = 323. and 


R= Radius in feet. 

















HOLLMANN 


Again, if the mass be connected to the 
crank pin by an infinitely long connect- 
ing rod, the mass will be accelerated from 
the inner center up to the go-degree posi- 
tion, at which it will have its maximum 
velocity, and then it will be retarded until 
the 180-degree position is reached. At 
the zero and 180-degree points the force 
by the positive and negative 
accelerations will be equal to the centrif- 
ugal force. which would result if the mass 
revolved in the path of the crank pin. At 
any intermediate position the value of the 
force which will be required to give it 
the necessary acceleration will be equal to 


exerted 


this same value, times the cosine of the 
angle which the crank makes with the line 
through the inner and outer centers. 
The length of the connecting rod, how- 
ever, exerts an influence upon the value 
of these inertia forces. A formula repre- 
senting these values can be deduced by 
the aid of calculus, which will give these 















































this sort are plotted. values. The formula is 
If the mass of reciprocating weight Power, N.¥: 
were concentrated at the crank pin and FIG. I. METHOD OF OBTAINING INERTIA : W v3 R 
s bet Force = ——— |cos 6 + —— cos 2 6}, 
considered to revolve with it, it would VALUES gR L 
‘ane : 
Case 1 Ps ti 
F H.P. Cyl. a 
| 
B 
| E J | 
= 45 60 % 90 106 120 6135 ~=—_ «150 165 = 165 150 138 86120 105 90 % 60 45 30 15 9 
15 
0 
Case 1 
L.P. Cyl. | 
15 Lb, =1 In. | | 
| | | 
| | 
| | 
} 
| | 
| | | 
| | 
| | 
L | 
2 —Forward Stroke ~ Return Stroke — > 
FIG. 5. RESULTANT OF DRIVING FORCES Power, N.Y. 
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H If a radius C A, Fig. 1, were taken equal 





to the same scale as the 





to the value “ 
indicator diagram, and a circle described, 
then solving equation (1), first dividing 
both sides by the area’ of the piston, for 
various angles of § and plotting these 
values from the ends of the radii on lines 
horizontally as GK, a parabolic curve 
BOD would result. This will be nearly 
an arc of a circle, except for very short 
connecting rods. Having described the 
circle with radius C A, lay off 
R 


COme aie sf aC, 











60 Lb.=1 In. 











FIG. 2. 


where 
“W vy . F : 
a = Centrifugal force mentioned, 
6 = Angle which the crank makes 
with the center line, | 


R ‘ 
— = Ratio of crank to connect- 


ing rod. 
The sign + is used for the forward 
stroke and — for the return stroke. 


Another formula which gives the corre- 
sponding piston position for the angle @ is 


S== R [ (x — cos 6) £4 sinto], 


where S is the distance from dead cen- 
ter, + is used when measuring from the 
inner center and — when measuring from 
the outer center. 

Substituting in formula (1) 0 and 180 
degrees for 94 gives 





_ Wu R\. 
a gR t+): 
W v? R 
ieee > ones | 
W v® 





Let 


press the inertia forces in terms of pres- 
sures per square inch of piston area, di- 
vide the values by the area of the piston. 
Then 


i F, and in order to ex- 




















FIG. 3. INERTIA 














INERTIA DIAGRAMS OF HIGH-PRESSURE RECIPROCATING WEIGHT 









\ 
x 
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and through these points draw an arc of 
a circle DOB. Then for any crank angle 
GCI the inertia value GK is ‘obtained, 
and for HCA the inertia value KH. 
The force GK multiplied by the area of 
the piston would be required to accelerate 
the reciprocating mass, and H K multi- 
plied by the area of the piston would be 
required to retard the mass at its re- 
spective velocity, assuming the crank pin 
to revolve at a uniform rate. 

A To get the corresponding piston posi- 
tion for the angle 9, describe another 
circle with a radius equal to half the 
length of the indicator card, and from the 

point where the radius C G or C H inter- 
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DIAGRAMS OF LOW-PRESSURE RECIPROCATING WEIGHT 
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Steam | 112 Lb. 





Rec. | 20 Lb. 
Vac. 26 In. 
R.P.M.| 85 
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Power, N.¥. 


FIG. 4. 


INDICATOR DIAGRAMS FOR DIFFERENT LOADS 


» 625 


sects it, swing the arc LJ with a radius 


R CN, the center of the arc 


being on the line 4 N produced. Then 
NTI will give the piston position for the 
angle LC N and NR will give the piston 
position for the angle NC P. 

Fig. 2 
the 


equal to 


gives the inertia diagrams for 
high-pressure reciprocating weight, 
which includes the piston, piston rod, half 
the connecting rod, crosshead and _ half 
the intermediate crosshead. The curve 
AB gives the values for the forward 
stroke and C D for the return stroke at 
85 revolutions per minute. Similarly E F 
and GH give the values for 100 revolu- 
tions per minute. The values at the be- 
ginning are taken as negative and laid off 
below the line, because these forces are 
required to start the piston while those 
later on are required to stop the piston, 
and therefore are considered as positive. 

Fig. 3 gives the same diagrams for the 
low-pressure cylinder, whose reciprocat- 
ing weight is half the intermediate cross- 
head, the piston, the rod and the tail-rod 
crosshead. 

Fig. 4 gives the indicator diagrams for 
three different conditions. 
not all taken same valve 
settings, but this affect the 
Fig. 5 gives the forces which 
the steam and 
grams are combined. 


The diagrams 
the 
not 


were with 
does 
analysis. 
result when inertia dia 
In this figure the 
points are laid off in crank angles, while 
in Fig. 4 the: piston positions are taken 
for crank angles. The 
measured from the back 
pressure line of the opposite end and to 
this' is added or subtracted the inertia 
force, depending upon whether it is posi- 
tive or negative. Take the high-pressure 
full-load card in Fig. 4 and the inertia 
card of Fig. 2. In the forward stroke, 
from the steam force A B the inertia force 
IJ is subtracted, and the force AB in 
Fig. 5 results. Similarly the steam force 
E F is added to the inertia force K L and 
E F in Fig. 5 results. So also in the re- 
turn stroke KC is subtracted from G/, 
and J\K is added to MN. Similarly the 
low-pressure card is combined with its 
inertia diagram. The high- and low-pres- 
sure diagrams are then combined by tak- 
ing each corresponding pressure and mul- 
MAXIMUM CRANK- AND 

PRESSURES. 


corresponding 


steam force is 


WRIST-PIN 








Pressures Case Case Case 
‘ ag 1 2 3 
Maximum forward pres- 
sure on crank pin..... 1198 1016 1043 
Maximum forward pres- 
sure on wrist pin ..:... 1718 1460 1498 
Maximum backstroke 
pressure on crank pin.| 1152 1082 1243 
Maximum backstroke 
pressure on wrist pin .| 1655 1552 1786 





Type of engine—Tandem Compound. 
Cylinders 36x 66x66 inches. 

Area H.P. cylinder = 975 sq. in. 

Area L.P. cylinder = 3308 sq. in. 

H.P. reciprocating weight = 10,600 lb. 
LP. reciprocating weight — 10,600 lb. 
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tiplying it by the piston area in each 
case and adding the resulting values to- 
gether. 

Fig. 6 gives the results of the three 
cases. The table on page 625 gives the 
maximum crank- and wrist-pin pressures 
in the different cases. The wrist-pin pres- 
sures are a trifle larger than they should 
be, because half the connecting-rod weight 
was taken as the reciprocating weight. 
The crank-pin pressures are a trifle low, 
because the centrifugal force due to the 
revolving weight of the rod was neglected. 

Fig. 7 gives diagrams of the points of 
maximum crank-pin pressures and points FIG. 7. PRESSURE REVERSALS AND MAXIMUM PRESSURES ON CRANK PIN 
at which pressure reversals take place, 
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FIG. 6. COMBINED HIGH- AND LOW-PRESSURE FORCES 
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Standpipes on a Water Power 
Supply 


By W. E. CRANE 


Several years ago the writer was called 
upon to solve a problem in hydraulics on 

water-power plant, which is of sufficient 
interest to warrant a description. 

There were two pipes, each 7% feet in 
diameter and 3000 feet long, the total 
head being 102 feet. 


Attached ‘to one pipe 
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direct-current generators. The pipes were 
brought to the generator house by a civil 
engineer and there the writer took them 
and applied them to the power, and it be- 
came his duty to take care of the thrust 
of the water when the regulators closed. 

There were but two of the large wheels 
and one direct-current wheel on variable 
load running at one time. The most that 
could be expected would be a velocity in 
the pipes of 4 feet per second, but usually 
not over 2 feet per second was obtained. 
There was none too much water during 

















FIG. I. THE TWO 
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FIG. 2. 


were two 1000-horsepower wheels and a 


1 


45-horsepower exciter wheel; and to the 
cther, a 1o000-horsepower wheel, two 
Wheels for lighting, two for direct-current 


and another exciter wheel. The 
wheels were 17 feet above the tail race, so 
that they were 85 feet below the crest of 
dam, and the total head was made up 
by the draft tubes. 

he wheels were all direct-connected to 
gcucrators and the exciters, the large 
Wheels to alternators and those for rail- 
rood work and extreme varying loads to 


power 
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LAYOUT OF PIPING 





714-FOOT PIPE LINES 
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6'Dia. | 
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a. J a 
Power, N.¥. 
FROM DAM TO PLANT 
a portion of the year, and it was im- 


portant that as little as possible should 
be wasted. 

It was finally decided to erect a stand- 
pipe 6 feet in diameter for each pipe. The 
question was, how much higher than the 
crest of the dam should be the top of the 
pipes? With a flow of 2 to 3 feet per sec- 
ond, 85-foot head and 3000 feet of flowing 
water, ought the draft tubes to be taken 
into account? It was finally concluded 
that if the pipes were 20 feet higher than 
the crest of the dam there would be no 


627 
of water and no serious 
At this point the gover- 
nor manufacturer objected, saying that if 
the head was going to change 20 feet 
every time one or two cars stopped, he 
would not guarantee to control the light- 
ing wheels, so the hight was finally com- 
promised on 10 feet above the crest of the 
dam. This worked out very well, as the 
pipes overflowed but two or three times a 


material loss 


water hammer. 


day and the loss of water was but a small 


percentage. There was more _ trouble, 


however, in cold weather, when ice formed 





Power, N.¥. 


FIG. 3. CONTOUR OF PIPE AFTER COLLAPSE 





FIG, 4. ONE OF THE STANDPIPES OVERFLOWING 


on the top of the standpipes and prevented 
water from overflowing for a week, or 
until the pressure was great enough to 
throw out the ice. 

It is interesting to note that in recent 
installations standpipes are becoming gen 
eral and that they have been improved 
by adding a large tank at the top, which 
would mean a less change in head. An- 
other thing that is important is provid- 
ing vents in case the water is shut out of 
the pipe. In the case of the two 7%-foot 


pipes, an expert recommended two 20-inch 
A 
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vents, and these were installed, although 
the writer advised pipes at least 5 feet in 
diameter, as the temperature in that 
locality was liable to be 20 degrees below 
zero for a month at a time. 

One night it was proposed to shut off 
one of the pipes, and a man going that 
way volunteered to close the gate at the 
dam. The chief electrician took it upon 
himself to open all the gates on that pipe 
to draw off the water as quickly as pos- 
sible. It so happened that both vents 
were frozen up, and about 300 feet of the 
pipe near the dam, which was ™%4 inch 
thick, collapsed into the form shown in 
Fig. 3. 





Explosion of a Rendering Tank 


Herewith are the particulars of an ex- 
plosion of a rendering tank at the plant 
of the St. Louis Hide and Tallow Com- 
pany, St. Louis, Mo. 

The explosion occurred at about 4 
o’clock in the morning. There were ten 
tanks, fed from a boiler, the safety valve 
of which was set at 45 pounds, the tanks 
being operated at a pressure of about 40 
pounds. It was No. 1 tank which ex- 
ploded, and an examination showed that 
the tank apparently failed at the vertical 
seam, as it was found that the metal along 
this seam was so reduced by corrosion as 
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condition of the plant. Fig. 2 shows the 
torn condition of a section of shell. 

It was arranged to inspect the tanks a 
week before the accident, but for some 
unknown reason the tanks could not be 
given to the inspector. This risk had just 
been assumed by the Casualty Company 
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Some Notes on Firing Boilers 





By Victor WHITE 





The working of boiler fires, while much 
more a matter of practical experience than 
theory, is governed by certain rules. The 
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FIG. 2. 


to be only about 1/16 inch thick. The 
plate was torn down the seam in ques- 
tion, outside of the calking edge, nearly 
the full length, from about 3 feet from 
the top to and around the bottom head, 
which was blown some distance away. 
The original thickness of the plate was 
3g inch. The damage will amount to at 
least $20,000. Fig. t shows the wrecked 


SECTION OF SHELL OF THE EXPLODED TANK 


of America, and had heretofore been car- 
ried by another inspection and insurance 
company. It is stated that the reports 


on file at the plant showed that no in- 
ternal inspection had been made of this 
particular tank since June, 1908, and it 
was reported at that time that the shell 
plates and rivet heads in the tank which 
exploded were deteriorated. 





THE WRECKED PLANT 





furnace fire acts at the same time as a gas 
producer, a gas igniter, an air filter and a 
refuse holder. It is by bearing this in 
mind that the rules for firing are evolved. 
Other things being equal, gas is much 
more readily liberated from coal the smal- 
ler the size of the lump. For this rea- 
son dust firing, i.e, blowing powdered 
coal with an air blast into an incandescent 
chamber, has been recommended. Washed 
slack, however, forms a good fuel for 
furnace fires. Large coal, by inclosing the 
gas until the lump breaks open, acts as a 
gas retort, and unless the coal cleaves or 
opens out very evenly, irregular admix- 
ture of gas with air and possible smoke 
is produced. This particularly applies to 
coking coal. Lump coal is more unwieldy 
to handle than slack, and extra labor has 
sometimes to be employed in breaking it 
up into sizes small enough for convenient 
firing. On the other hand, ‘the interstices 
between slack coal are smaller than in 
lump; the air has more difficulty in pass 
ing through; the use of small coal necess! 
tates the reduction of the spaces between 
the firebars to keep the coal from falling 
into the ashpit; too strong a draft is not 
permissible for fear of carrying the smal 
ler particles into the flues; hence a ver 
thin “filter bed” of coal to obstruct th: 
air must be maintained. 


THIN Fire EsSENTIAL WITH SMALL COA 

Since the fires must be kept thin wit! 
slack coal, more skilful firing is required 
than with thick fires of lump coal; an 
irregularity of firing produces weak plac: 
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in the fire, which later develop into holes 
under the action of the draft, letting 
colder air (which will obviously pass in 
greater quantity through the weakest re- 
sistance) pass the fire without penetrating 
the incandescent material. A thin, even 
fire is essential in using small coal. The 
thickness varies with the intensity of draft 
and quality and size of coal used (not with 
load on the boiler), but after being ex- 
perimentally determined should be strictly 
adhered to. With a draft of %4 inch and 
good anthracite slack, a depth of about 4 
inches of fire is necessary. Increasing the 
depth by injudiciously heavy firing chokes 
the fire and is a sure method of dropping 
the pressure. In hand firing the correct 
method of stoking small coal is to dis- 
tribute it in light sprinkles, by slightly 
twisting the wrist of the hand holding 
the shovel handle at the moment of fir- 
ing, over the grate in an even shower. 
Eight or ten shovelfuls are sufficient at 
each firing over a grate area of 30 or 36 
square feet, the firings succeeding each 
other at intervals necessary to keep steam 
and therefore varying with the load. Fire- 
men must be carefully watched on this 
point; their tendency, particularly when 
from the navy, is to fire heavily and then 
take a quarter of an hour’s spell, produc- 
ing in this way much smoke and waste. 


CLosE Grips ON Firinc Doors 


Another practice in frequent use which 
leads to inefficiency is that of opening the 
grids on the firing doors of the furnace 
front, allowing cold air to draw in over 
the fire, with the object of mixing this 
air with unburnt gas and avoiding smoke. 
The diminution of smoke, where effected, 
is gained at the sacrifice of furnace tem- 
perature unless the grate area is too small 
to allow a sufficient quantity of air to pass 
through; the proper way to produce 
smokeless cambustion is to keep the cor- 
rect thinness of fire all over the grate, 
and to fire lightly and often. Where the 
furnace is divided into two grates, alter- 
nately firing one grate and then the other 
gives the best results, one fire being in- 
candescent when the other is emitting un- 
consumed gas, and causing its ignition, 
and water circulation in the boiler also 
appears to be improved. The admission 
of air during hand firing cannot be 
avoided; it is seen that quick handling of 
shovels tends to economy. 


\voip FREQUENT CHANGES IN VARIETY OF 
CoaAL 
The behavior of the coal in the fire 
should be carefully studied. Bituminous 
‘oking coal is apt first to form slabs of 
semi-molten material, and then to break 
into fissures allowing cold air to pass 
ihrough. It therefore requires slicing or 
nixing occasionally; still more does a 
al having a heavy proportion of clinker. 
Qn the other hand, anthracite giving 
good clean ash and little cohesion needs 
rv little slicing; disturbance of the fire 
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would send unburnt fuel through the fire- 
bars. Coking coal is sometimes pierced 
with the poker. 

In using fuel giving intense local heat, 
such as coke or hard anthracite, it is well 
to have the ashpit supplied with a water 
tray, the downward heat of the fire slowly 
evaporating this water. The steam pass- 
ing up through the firebars will keep them 
from overheating, especially if they are 
thin and deep. Long flaming coals, whose 
heat is developed to a large degree away 
from the fire, do not need this precaution, 
and if possible it should be done without, 
as heat is wasted in superheating the 
steam so generated. 

In considering the claims of those fur- 
naces which induce a strong draft of air 
through the fire by means of steam blow- 
ers, it must be borne in mind that the ad- 
vantage of increased circulation of air is 
to some extent neutralized both by the 
waste of high-pressure steam and the loss 
of fuel energy in dissociating that steam. 
It is worth noticing in passing that to 
mix two different qualities of coal is not 
usually satisfactory. Anthracite and bitu- 
minous slack do not, for example, burn 
well together, as they require different 
treatment. 

Frequently changing from one variety 
of coal to another should be avoided; it is 
always found that a particular coal will 
burn best in a certain type of furnace. 
Boilers having cramped space above the 
grate, for example, give their best per- 
formance with coal giving intense local 
heat and little flame, such as anthracite, 
while boilers having ample combustion 
space go best with long flaming coals. 
Change of coal probably means alteration 
of the furnace, at the very least as regards 
pitch of the firebars; and in the writer’s 
opinion the difficulty of getting a fireman 
to alter his method of stoking with one 
class of coal given to him, and the ensuing 
waste until he has learned how to handle 
it, is often underestimated by boiler 
managers. 


CLEANING Fires 

The dampers and the air doors to- 
gether provide an efficient means of fol- 
lowing the load: with the fires by means 
of draft, combined with intelligent firing. 
The dampers should be the rough adjust- 
ment, the air door the fine. The firing 
performance must always be judged in 
relation to the steam pressure and water 
level. A good steam line should be kept 
on the pressure chart without blowing off 
of the safety valves or undue checking 
and starting of boiler-feed water. When 
the coal clinkers on fixed grates, the dis- 
posal of the incombustibles is sometimes 
difficult. The top layer of burning ma- 
terial must first be removed either by 
pushing back or “winging” the fire. The 
first method consists of piling up the 
burning mass at the back of the grate, ex- 
posing the clinker; the latter is pushing 
the fuel to one side and then the other of 
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the grate, leaving the clinker of each half 
uncovered. This clinker is then pulled 
out through the front doors of the fur- 
nace by means of the rake, when it is 
quenched with water. In the pushing- 
back method the clinker under the fuel 
must be dislodged and dragged out as 
well as possible by the slice and rake. 

Before clearing a fire it should be 
burned down as much as possible, the bulk 
of the firing being done on the other boil- 
ers. In any case the damper and bottom 
air doors should be shut while the bars 
are laid bare. It is obvious that quick- 
ness in this work is of first importance. 
In the writer’s experience two men were 
able to clean 154 square feet of grate area 
in ten minutes, heavy fires having been 
carried previously. This included turning 
the fires back and recovering the bars. 
No attempt was made to trim the clinker 
off the furnace bricks, and the coal used 
was fairly clean. In case the clinker 
sticks to the firebars and bricks of the 
furnace, the slice must be used to detach 
it. Care must be taken not to bring down 
any of the brickwork, which may have 
become loose through alternate expansion 
and contraction, in this operation. A fire 
whose waste material is almost pure ash 
will not require much disturbance, the 
ash, if small, mostly clearing itself through 
the firebars, especially if helped occasion- 
ally with the poker. 

The intervals required between clean- 
ing are gaged by experience, being de- 
pendent on the class of coal used and the 
loads carried by the boiler. As the time 
for cleaning approaches the fireman will 
experience more and more difficulty in 
keeping his steam without excessive slic- 
ing and poking of the fires. Not more 
than one grate in a twin boiler, or bank of 
boilers, should be cleaned at one time. 


BANKING Fires 

When a boiler is taken out of action the 
fires are slackened until the coal on them 
is consumed, the dampers being gradually 
closed. If the boiler is not required again, 
the ash and clinker are drawn and 
quenched, the air and firing doors being 
then closed up. If the boiler is shortly 
wanted for work again the fires should 
be banked. After clearing out clinker 
and closing the damper the fire should be 
completely covered with a layer of fresh 
coal about 3 inches deep, the front doors 
being then closed. The fire is sometimes 
drawn together into a heap. This will 
then smolder and, with the addition of 
a few shovelfuls at intervals of five or six 
hours, will keep the furnace warm until 
a fire is again required. The man in 
charge of the boilers should experi- 
mentally determine for himself the num- 
ber of hours that a fire can be banked 
before it becomes more expensive to draw 
fires and restart. He must take into ac- 
count that a fire that has been banked is 
not so clean as one entirely recoaled. 
The danger of flue-gas expJosion is only 
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acute when the damper doors are per- 
fectly air-tight—a condition unfortunately 
not often realized owing to the warping 
action of the heat on sheet metal. Should 
such danger be apprehended, however, a 
small hole may be drilled in the damper, 
and the air holes in the firing doors be 
left a little open, to sweep away all gases 
generated. 


MECHANICAL STOKERS 

These are divided into two classes ac- 
cording to their method of working, 
“sprinkling” and “coking” stokers. The 
former attempt to imitate the light 
sprinkle of coal given equally to all parts 
of a fire by a skilled fireman. The gen- 
eral method of regulation is the same as 
for hand firing, the only difference being 
the substitution of machine for hand 
labor., The second type of stoker adopts 
the more scientific method of dividing the 
gas production from the gas_ ignition. 
The coal is fed steadily into the furnace 
from the front of the firebars, being de- 
posited on agdead plate, and is then 
gradually carried backward by a move- 
ment of the bars, until the unconsumed 
remainder falls over the back end of the 
bars into the pit. 

On first entering the red-hot furnace 
the coal is heated and its volatile gases 
given off, the fixed carbon 
bustibles remaining. 


and incom- 
These gases sweep 
backward along the fire and upward to 
the heating surfaces, and the portion of 
the coal which has been for some time in 
the furnace, and which is now coked and 
incandescent, ignites the gases, the sheet 
of flame spreading up against the heat- 
ing surfaces. By this gradual and _ sys- 
tematic ignition the full heat value of the 
coal is realized. The main duty of the 
attendant on a coking stoker, when it is 
in good order, is to proportion the rate of 
feed of coal onto the bar and the rate of 
travel of fuel to the ashpit to the load 
carried by the boiler; to seé that no un- 
consumed fuel is carried over to the ash- 
pit by too quick a travel, and to make 
sure that the coal on falling onto the dead 
plate really does ignite. For this latter 
purpose inspection doors are provided in 
the front or side walls of the furnace. 

The saving of labor may be roughly 
gaged by the fact that whereas a skilled 
fireman could not well dispose of more 
than two tons of slack coal per hour on a 
peak load, doing nothing else ‘but firing, 
and would be exhausted if worked at this 
rate for eight hours, a man working with 
mechanical stokers in good order can 
continuously dispose of seven to eight tons 
per hour, his duties including the disposal 
of ash and clinker (if the ash heap is not 
far distant) and the regulation of feed 
water. 

The method of starting fires in a me- 
chanically stoked boiler is the same as for 
a hand-fired plant. With dampers a quar- 
ter oper’ several shovelfuls of brightly 
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burning coal are fed equally over the bars, 
or kindlings of wood, oily waste and 
paraffin may be used, and the furnace 
lightly hand fired, the dampers being 
opened a little as the fire increases. The 
automatic gear is then put into operation. 
Mechanical stokers, though not so flexible 
as hand firing, can with proper supervision 
be made to follow sharply varying loads, 
such as are met in electric-light and power 
stations, with entire satisfaction. 





Catechism of Electricity 


1010. What is the test for voltage in 
the supply wires? 


Connect a voltmeter across them and 
see if there is a deflection of the pointer. 
If a voltmeter is not at hand and the cur- 
rent is normally supplied at 220 volts, 
connect two ordinary incandescent lamps 
in series and then connect them tempo- 
rarily across the supply wires. If they 
light, the current supply is all right; if 
they do not light and their filaments are 
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FIG, 285. DIAGRAM SHOWING HOW A MOTOR 
MAY OPERATE UNDER MISLEADING 
CONDITIONS ON A THREE-WIRE 
SYSTEM 


not broken, there is no current in the sup- 
ply wires or the voltage is much too low. 
On a 500-volt circuit five lamps must be 
used in series instead of two. 


1o1l. What is the method of pro- 
cedure in case the motor is improperly 
connected? 


If the motor fails to start by reason of 
being improperly connected, its armature 
can be freely turned by hand; the con- 
nections, however, may all be secure and 
there may be current in the supply wires. 
If the field circuit of a shunt-wound 
motor is properly connected, the pole 
pieces should be strongly magnetic when 
the main switch is closed. Farther than 
this no definite rules can be given that 
will apply in every case. Unless the at- 
tendant is perfectly familiar with the wir- 
ing of the particular motor giving trou- 
ble he should consult the diagram of con- 
nections accompanying the machine and 
from it learn if the connections are as 
they should be. 


1012. On a three-wire system is it not 
possible for lamps to burn properly but 
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the conditions of the circuit to be such as 
to prevent the running of a motor? 


Yes. If one of the two generators sup- 
plying the system becomes reversed, both 
the outside wires of the supply circuit 
will be of the same polarity. Although 
lamps connected between either outside 
wire and the center wire of the system 
will light, a motor connected to the out- 
side wires of the system will not run. 


1013. Are there any other misleading 
conditions of a similar nature on a three- 
wire system? 


Yes. One of the outside wires of a 
three-wire system, Fig. 285, may be open 
at #« and yet a motor c connected beyond 
the break may get current at I10 volts 
through the lamps / connected between 
the outside wire on the same side as the 
break and the center wire. A 220-volt 
motor operating in this way will not be 
able to run anywhere near full speed ow- 
ing to the supply voltage being I10 in- 
stead of 220, and the resistance of the 
lamps / being in series with it. 

The center wire d of a three-wire sys- 
tem may be open and yet not affect the 
operation of a motor at c because the 
motor is connected to the outside wires 
only. 


1014. Jf it is suspected that friction 
trouble is preventing the motor 
starting, what should be done? 


from 


The cause of the friction should be 
ascertained and removed as previously in- 
structed, before an attempt is made to 
run the motor. In starting up a motor 
after a trouble of this kind, it is advisa- 
ble to switch on the current just long 
enough to see if the trouble has been en- 
tirely removed before leaving it on per- 
manently. 


1015. What are the indications that 
the motor will not stari on account of too 
heavy a load? 


The fuses 
operates ; 


melt or the circuit-breaker 
an ammeter connected in cir- 
cuit with the motor indicates a larger 
current than that required by the motor 
at full load; the insulation on the arma- 
ture begins to smoke. An overload on a 
series-wound motor does no harm, as the 
motor will start up as soon as the load 
is reduced. On a shunt-wound motor, 
however, an overload is a more serious 
matter because the armature is liable to 
burn out. 


1016. What should be done when it is 
found that the motor will not start by 
reason of too much load? 


The main switch should be opened at 
once and the load reduced. If the fuses 
have melted they must be replaced with 
new ones, or if the circuit-breaker has 
opened it must be closed, before closing 
the main switch preparatory to starting 
up under a smaller load. 
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Tube Tiles Used to Form Furnace Roofs 


Encircling the Lower Row of Tubes in a Water-tube Boiler with 
Refractory Firebrick Tiles to Increase Efficiency and Prevent Smoke 
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When the fire is located directly under 
the exposed tubes of a water-tube boiler, 
the volatile gases arise immediately among 
the tubes, with the result that the tem- 
perature of the gases is so quickly reduced 
that no further combustion takes place. 
In this way a large amount of smoke is 
produced, especially if high volatile coal 
is used, and at the same time a considera- 
ble heat loss results from the failure to 
burn all of the gas. This fact is one 
that has been recognized for many years, 
but it is only within the last five or six 
that a systematic attempt has been made 
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cover one-half of a tube; thus two tiles 
are required to inclose the tube for each 
foot of its length and, joining together 
back to back, fill the space across the 
boiler, while additional rows give the re- 
quisite length to the roof, a space being 
left at the back end of the roof, so that 
the gases, after having passed underneath, 
may enter among the tubes of the boiler 
at its rear. This scheme of employing 
tiles applied in this manner, originated 
in Chicago some six or seven years ago 
with W. L. Abbott, the operating engi- 
neer of the Commonwealth Edison Com- 





FIG, I. ORIGINAL APPLICATION OF TILE FURNACE ROOF TO WATER-TUBE BOILERS 


to correct the condition by better furnace 
construction. A scheme now extensively 
employed for this purpose consists in en- 
circling the lower row of tubes in the 
boiler with refractory firebrick tiles, which 
produces a furnace roof equivalent for all 
practical purposes to that of a firebrick 
rch, under which combustion of the gases 
takes place, so when the fuel is fed at a 
reasonably uniform rate, the volatile gas 
is entirely burned. Thus not only is the 
full realization of heat secured, but there 
is no production of smoke. 

The tiles employed are usually 1 foot 
in length and of a width sufficient to 


pany. The initial application was to Heine 
boilers, shown by longitudinal section, 
Fig. 1, and cross-section, Fig. 2, wherein 
the tile roof supported by the lower row 
of boiler tubes is clearly indicated. An- 
other feature not found in the regular 
Heine boiler is a gas baffling whici rests 
upon the tenth row of tubes from the bot- 
tom as shown. While this gas baffle has 
no connection with the tile roof, its pres- 
ence in the illustration calls for an ex- 
planation. It was also inserted by Mr. 
Abbott, with the object of increasing the 
efficiency of the boiler, or in other words, 
its gas-cooling capacity resulted in an in- 
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crease of efficiency obtained of about 10° 
per cent., while at the same time the 
capacity was increased about 3 per cent. 
over what had been obtained before this 
gas baffle was inserted. 

The original design for tiles is shown 
by Fig. 3. The success attendant upon 
the employment of these tiles, not only as 
affecting combustion and insuring smoke- 
lessness, but protection afforded the tubes 
of the boiler, caused the maker of the 
boiler to design, adopt and install a tile 
shown by Fig. 4, which has been ex- 
tensively employed and called a C tile. 
The small amount of stock used in the 
lower part resulted, however, in a_ sec- 
tion so thin as to cause the tile to soon 
fail by breakage, as illustrated by Tig. 5. 
This led the writer to make the design 
shown by Figs. 6 and 7, designated as an 
encircling tile, which has come to be 
extensively used. 
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FIG. 2. TRANSVERSE SECTION OF BOILER 


The wear of these roof tiles is not uni- 
form, some of them being exposed to 
higher temperature and greater erosion 
than others, which results in an unequal 
wearing away, and inasmuch as the tiles 
fuse together in the roof into a compact 
mass, replacement of worn tiles necessi- 
tates stripping all of them from the tube 
back of the location needing repair, 
although some which are removed may be 
in good condition; consequently those 
only partially worn are discarded, with 
resultant loss, so that the writer has de- 
signed a form which is callede a repair 
tile, shown in various sections by Figs- 
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8, 9, 10, 11 and 12. It is semicircular 
in shape, in order that it may be put in 
place of a single pair of encircling tiles. 
Thus if the roof fails at one point, the 
damaged encircling tiles may be removed 
with no other disturbance, and the round 
repair tile substituted. The first opera- 
tion after the encircling tile has been 
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FIG. 5. COMMON FORM OF BREAKAGE 0C- 


CURRING WITH C TILE 


broken out and removed is shown by 
Fig. 8, one of the tiles being set in place 
below the tube. It is then turned around 
until it rests on the top of the tube as 
shown in Fig. 9, after which the lower 
part is added as shown by Fig. 10, then 
both tiles, are revolved into the position 
shown by Fig. 11, which also shows the 
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repair as it would appear in the roof in 
series with the encircling tile. 

Many other designs of roof tile have 
been made by various people for applica- 
tion to different boilers. Fig. 12 illustrates 
one reported to have been used on boil- 
ers, it consisting of blocks supported by 
an iron stem molded therein and held in 
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FIG. 6. SECTION 





FIG. 7. DESIGN OF ENCIRCLING TILE 
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FIG. II. 


place by a rod, passing through a hole 
in the stem and hanging across from one 
tube to another. To the writer's knowl- 
edge, however, this scheme has never been 
permanently employed. The tile which 
the Babcock & Wilcox Company has re- 
cently adopted for use on its boilers is 
the writer’s design, shown by Figs. 6 and 
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7. The Babcock & Wilcox and the Heine 
boilers, having a tube spacing of 7-inch 
centers, with tubes of 3.5- and 4-inch 
diameter, allows the use of the designs 
of tile previously mentioned. There are 
boilers, however, where the tubes are 
spaced more closely together,’ for which 
some different form of tile is required, 








FIG. 8. FIRST POSITION OF REPAIR TILE 








9. SECOND POSITION OF REPAIR TILE 





FIG. IO.” SHOWING ADDITION OF SECOND POR- 
TION OF REPAIR TILE 
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ENCIRCLING TILE ASSEMBLED IN POSITION 





IN FURNACE ROOF 


and Fig. 13 illustrates the form employe: 
by the Lyons Boiler Works, consisting 
of a tile of the cross-section shown and 
about 1 foot long, having a thin section 
extending up between the tubes, held 
place by an iron rod which is passed 
through a hole in the upper part of thie 
tile and resting across the tubes. 
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The form used by the S. Freeman & 
Sons Manufacturing Company, in Ra- 
cine, Wis., is illustrated by Fig. 14, which 
shows a design requiring only one tile 
for completely covering the tube. Fig. 
I5 is a design made by George I. Diete- 
rich, of the Chicago Retort and Fire Brick 
Company, which shows a tile suspended 
by a hook-shaped upper section, which 
hangs from the tube. In the formation of 
furnace roofs with these tiles, they are 
first applied individually to the tube in 
the rear, and then moved forward into 
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FIG. I4. TILE AND FURNACE ROOF APPLIED TO 


BONUS-FREEMAN WATER-TUBE BOILER 


vent the shape of the tiles being distorted 
in handling between the molds and the 
kiln, as in this way good tiles may be 















































FIG. 12, FURNACE ROOF SUPPORTED BY ATTACHMENTS MOLDED INTO BLOCKS 


























Y yyy 
Yyy 


Yj 




















FIG. I3. FORM OF TILE ROOF USED IN LYONS 
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FIG. 15. SUSPENDED AND SELF-SUPVORITING ROOF TILE 


place. Experience has shown that when 
made from good material of the proper 
shape they have a long life, and their 
use is attended with satisfaction. It is un- 
necessary, however, to call special atten- 
tion to the fact that it is requisite to 
Specify a clay which is of high grade and 
not easily fusible. It is also important 
that care be taken by the maker to pre- 


easily ruined. With those forms of set- 
ting used for water-tube boilers, in which 
the gases rise immediately among the 
tubes of the boiler at the front end, it is 
necessary to rearrange the flame plates 
or gas baffling as well as the bridgewall, 
so as to provide entrance for the hot 
gases to the boiler tubes at the back of 
the boiler instead of at the front. 
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Bracing Dome Heads 


3y JAMES SMITH 


While the steam dome is considered by 
the uptodate engineer as a useless ap 
pendage to a steam boiler, and justly so, 
When a 


flat head is used the bracing of the head 
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it is still sometimes specified. 
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is almost invariably as illustrated in Fig. 
1. This type of bracing has been advo- 
cated by practically all authors on the 
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subject of boiler construction, and the 
writer is not aware of any who have ad- 
vised attaching the braces to the portion 
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FIG. 3 


of the shell inclosed bythe dome, as illus- 
trated in Fig. 8. This portion of the shell 
is described as neutral surface on account 
of the pressure being equal on each side. 
Some authorities have gone so far as to 


state that when the dome braces are 
- 
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attached to this portion of the shell, they 
should be considered valueless. The 
writer believes that the above views on 
this form of bracing have been the result 
of following the lead of someone who was 
considered an authority on the subject, 
without any attempt at analysis of the 
stresses that are actually present in this 
form of construction. It is also believed 
that head braces attached to the neutral 
surface, as in Fig. 8, are actually an im- 
provement over the customary method of 
attaching them to the shell of the dome. 

In the first place, domes are relatively 
short compared to their diameter, mak- 
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FIG. 4 


ing the use of short braces necessary. The 
feet of the braces are required to be 
located well in toward the center of the 
head to get proper distribution, and the 
resulting angularity of the braces detracts 
considerably from their holding power. 
Again, there is a decided tendency to leak 
at the joint where the dome is attached to 
the shell, due to distortion of the shell at 
this point, and after a leak has once 
started it is extremely difficult to stop 








FIG. 5 


owing to the continual working of the 
surfaces. One of the principal causes for 
distortion at this seam is the lack of sup- 
port of the neutral surface to keep it of 
true cylindrical form, the stresses in the 
shell at the sides of the dome, as may 
be seen from Fig. 2, tending to pull the 
neutral surface out flat as indicated by the 
dotted lines. This causes a bending action 
along the flange of the dome where it is 
riveted to the shell. That flexure at this 
point is the cause of leaking is also indi- 
cated by the great superiority of a double- 
riveted seam over a single-riveted seam 
for tightness, the double row of rivets 


.each square 
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adding to the stiffness of the construction 
considerably. 

If the neutral surface could be sup- 
ported so that it would retain its cylin- 
drical form, as effectually as the pressure 
supports the other portions of the shell, 
there would be no tendency for the con- 
necting seam to be distorted and the only 
weakening effect introduced would be the 
removal of the metal for the rivet holes, 
or the conditions would be identical with 
those which would exist if a circular patch 
the same size as the dome had _ been 
riveted on at. this point. 

To illustrate how head braces attached 
to the neutral surface may approximate 
this condition, assume a shell, as illus- 
trated in Fig. 3, with a cylinder similar 
to a dome riveted to the top of the shell 
but with no communication froin the shell 
of the boiler to the dome space. If the 
inside of this cylinder was bored out, it 
could be fitted with a piston free to move 
up and down. Assume that each square 
inch of piston area is connected with each 
square inch of the projected area of the 
neutral surface by a rod screwed through 
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FIG. 6 


the shell and into the piston. If it is now 
assumed that the boiler is under too 
pounds pressure, but with no pressure in 
the dome space, the portion of the shell 
under the dome would be pushed out- 
wardly with a pressure of 100 pounds on 
inch of area, as indicated by 
the arrows, the same as the other por- 
tions of the shell, and there would be no 
tendency to deform if the shell was a true 
cylinder at the start. 

Suppose now that the valve on the pipe 
communicating with the dome space were 
opened and pressure admitted. The con- 
ditions as regards the portion of the shell 
beneath the dome will remain unchanged, 
as long as the stay rods care for the pres- 
sure admitted to this space, for no matter 
whether the pressure is in excess of, or 
less than the pressure in the boiler, it will 
place only a tensile strain on the rods, 
and the neutral surface will be in equilib- 
rium as regards the pressure in the dome, 
and there will be no tendency for it to 
assume any other shape than its original 
form. 

If it is now considered that instead of 
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the pressure in the dome coming from 
some external source, it is connected with 
the boiler shell as shown in Fig. 4, condi- 
tions would be obtained similar to boiler 
practice, except-that the opening instead 
of being through a pipe connection is cut 
in the shell directly into the dome. It is 
seen that the surface of the shell inclosed 
by the dome, instead of being neutral, is 
actually forced out with the same pres- 
sure that any other portion of the shell of 
similar size is, and the tendency to de- 
form is therefore eliminated. Of course 
the head of a dome does not offer the 
same flexibility as the piston head con- 
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FIG. 8 


sidered, and the dome shell must trans 
mit a large portion of the pull due to pres 
sure on the dome head to the shell of the 
boiler. However, the writer believes that 
if the braces required on the head wer 
attached directly to the so-called neutral 
surface of the shell, the tendency for th: 
shell to deform and produce leaking at 
the dome flange would be greatly lessened 
A form of bracing that would accomplish 
the same result as regards the neutral 
surface, where it is desired to use 
bumped dome head which is not braced, 
shown in Fig. 5. 

The method of bracing shown in Fig 
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) is often met with in high-pressure boil- 
rs which are equipped with domes. These 
braces accomplish in a very limited way 
vhat the braces shown in Fig. 5 are in- 
iended to do, but it is evident that they 
are not used with this purpose in view. 
Another way of looking at the problem 
{ the stresses involved in this construc- 
tion is illustrated in Fig. 7. Here A is a 
hole drilled through the shell and com- 
municating with the dome space, and 
although the pressure on each side of the 
neutral surface’ is equal, there is a pull 
on the rods of 100 pounds per square 
inch of piston surface (assuming the 
pressure in the shell to be 100 pounds), 
which produces the same effect in retain- 
ing the cylindrical form of the neutral 
surface as a like amount of pressure be- 
neath the surface would. The pressure 
on the piston is balanced by the pressure 
on a similar area on the other side of the 
shell, as indicated by the lower arrows. 





organization was 
formed on January 25 last at Balti- 
more, Md., known as the Engineers’ 
Exchange, its home being at 413 Fay- 
vette. street. The present membership 
is 150, with applications constantly com- 
ing in. The aim of the Exchange is to 
‘bring engineers of all of the associations 
into closer relations. The first floor of 
the building has been fitted up as a read- 
ing room, in which spaces are rented to 
various manufacturers and supply houses 
as a permanent exhibit. 

On the evening of March 22 the Ex- 
change was formally opened, with an ap- 
‘propriate social session. The officers are: 
George L. Sleight, president ; James Gard- 
ner, first vice-president; D. J. Murray, 
second vice-president; H. A. Phillips, sec- 
retary; H. A. Kries, treasurer. 
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‘The Elektra Steam Turbine 





By Frank C. PERKINS 





A new type of German steam turbine 
has recently been constructed for operat- 
ing direct- and alternating-current gen- 
,erators, ventilators and pumps, as well as 
for boat service, which is of more than 
passing interest. The accompanying draw- 
ing, Fig. 1, shows a single-casing steam 
turbine of this type, designed to work 
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with a condenser, while Fig. 2 shows a 
double-casing compound turbine for opera- 
tion with condensers. The details of con 
struction of the single-casing turbine are 
shown in Fig. 3. This turbine was de- 
signed and constructed at Karlsruhe, in 
Baden, Germany, by the Gesellschaft Fur 
Elektrische Industrie. The Elektra tur- 
bine is essentially a high-speed steam tur- 
bine, and means for reducing the speed is 
frequently necessary for boat service, and 
for the operation of machinery in shops, 
while for driving alternators the machines 

















FIG. 3. DETAILS OF SINGLE-CASING TURBINE 
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FIG. I. SINGLE-CASING TURBINE FIG. 2. COMPOUND TURBINE WITH TWO CASINGS 
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may be directly coupled and operate suc- 
cessfully at the high speeds required. 
The two turbines shown in Fig. 4 are 
of the compound type, each having a capa- 
city of 100 horsepower. These turbines 
are directly coupled to three-phase alter- 
nators driven at a speed of 3000 revolu- 
tions per minute. Similar turbines have 


been built of 300 horsepower capacity, 
directly coupled to Drehstrom dynamos 
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Test of a Vertical Gas Engine 


The accompanying chart, Fig. 1, pre- 
sents the principal items of a test, made a 
few months ago, of a Rathbun two-cylin- 
der vertical gas engine. The test was not 
run for the purpose of obtaining complete 
data for the heat-balance sheet, but merely 
to determine the regulation and fuel rate. 











FIG. 4, COMPOUND TURBINES WITH CAPACITY OF 100 


rated at 200 kilowatts and supplying a 
three-phase current of 2000 volts pressure. 
These units occupy a floor space of 
3.3x8.6 feet, the total hight “mhed¥iring 
4.16 feet. 

For operating boats, these turbines are 
said to have given excellent satisfaction, 
a special design having been provided for 
reversing. One of these units of 35 horse- 
power capacity operating at a steam pres- 
sure of nine atmospheres and at a speed 
of 3000 revolutions per minute, with re- 
ducing gear for lowering the speed: to 
500 revolutions per minute required for 
the propeller, occupies a floor space of 
2.67x4.83 feet, with a total hight of 3.67 


feet. The Elektra turbine is handled in 
America by the Alberger Condenser 
Company. 





The Canadian Government has appro- 
priated £3000 for the erection in Ottawa of 
a fuel-testing plant. It will deal chiefly 
with peat, with the object of solving the 
problem of utilizing the peat bogs by con- 
verting peat into producer gas from which 
electricity can in turn be generated. A 
peat bog will also be secured and a plant 
laid down to demonstrate the best methods 
of converting the raw material into fuel. 
Peat occurs in immense quantities in On- 
tario and Quebec. 











HORSEPOWER EACH 


Revolutions 
per Minute 


290 
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The engine was the standard single-act- 
ing type built by the Rathbun-Jones Engi- 
neering Company, of Toledo, Ohio, with 
cylinders of 12% inches bore and 13 inches 
stroke, rated at 100 horsepower on natural 
gas and designed to run at 290 revolutions 
per minute. The governor controlled the 
speed by throttling the mixture and also 
adjusted the timing of the ignition, ad- 
vancing the firing point when it reduced 
the quantity of mixture admitted and vice 
versa. It is largely due to this feature 
that the engine shows ability to carry 
overloads without being underrated at 
normal full load; another potent factor 
which contributes to this result is the rel- 
atively high compression used—about 145. 
pounds absolute at full rated load. For 
the engine under consideration this is the 
most efficient compression pressure; con- 
sequently, any increase in compression 
tends to decrease the efficiency. 

It will be noted by reference to the 
chart that the gas consumption at full 
load was 7.85 cubic feet per brake horse- 
power-hour and 7.95 cubic feet at 10 per 
cent. overload. The speed was a trifle 
high at rated load, coming down to the 
désigned rate only at the maximum over- 
load; or, to express it more fairly, the en- 
gine yielded to per cent. more than its 
rated power at its rated speed. The regu- 
lation was obviously about 4'4 per cent. 
between 35 horsepower and rated load; 
the test was not carried below 35 horse 
power. 

The gas averaged about 1100 B.t.u. per 
cubic foot at the temperature at which it 
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passed the meter, so that the thermal effi- 
ciency of actual output was practically 30 
per cent. 

[he cooling of this engine is unusually 
effective and well distributed, which 
makes for overload ability by facilitating 
the extra compression thereby entailed. 






































FIG, 2. CROSS-SECTION OF A RATHBUN 


This and the automatic adjustment of the 
ignition timing combine to prevent back 
Pressure by too early combustion at the 
high compressions. The exhaust valve is 
water-cooled, as indicated in the sectional 
view, Fig. 2, and the cylinder head and 
barrel ire separately jacketed. In this 
‘atter drawing the section below the line 
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X —X is taken through the center of the 
cylinder, while the section above that line 
is taken through the center of the ex- 
haust valve, which is in a vertical plane 
a trifle nearer the observer than the cen- 
ter of the cylinder. 

An interesting constructional feature of 


























Power, N. ¥. 
TWO-CYLINDER VERTICAL GAS ENGINE 


this engine is the tying of the upper part 
of the crank case to the main journal-box 
seats. Steel tie rods extend from each 
side of each journal-box seat to the top 
of the crank case, relieving the side walls 
of the crank case of the stresses due to 
the thrust on the cylinder heads during 
the power strokes. 
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The Chief Engineer and the 
Ventriloquist 





The following is a brief account of the 
terrible fate of a practical joker: 

Sunday—Chief engineer’s log book notes 
visit of a stranger. A severe squeak in 
engine No. I was remedied by a liberal 
application of oil. 

Monday—Report shows that stranger 
again called and stayed some time, dur- 
ing which engine No. 2 developed an an- 
noying squeak. 

Tuesday—Stranger proves to be brother- 
in-law of the assistant engineer. Called 
again today, but could not pay much atten- 
tion to him, as engine No. 3 had to be 
oiled to stop a severe squeak. 

Wednesday—Everything O. K. 
lers and no squeak. 

Thursday—Stranger called. Engine No. 
1 had to have all the lubricators speeded 
up in order to stop squeaking. Stranger 
seems a hoodoo. 

Friday — That confounded stranger 
called again, and I used up three pints of 
oil to stop the noise. I wonder why he 
and the squeaks seem to call at the same 
time. Looks queer. 


No cal- 


Saturday—Last night assistant engineer 
told me his brother-in-law was a ventrilo- 
quist. I guess I was pretty easy. 

Saturday afternoon—Stranger called. 
Squeak at last definitely located. Two 
quarts of dirty oil were poured upon the 
squeak. The cause of the squeak walked 
out of the engine room to buy a new suit 
of clothes. He said he would fix me. 
That’s what they all say. 





Work Begun on the Grand Falls 


Development 


Two carloads of plant, consisting of 
engines, boilers, steam drills, derricks and 
other machinery, have arrived at Grand 
Falls, New Brunswick, and are now being 
set up for the beginning of operations. 
William Askin (formerly of Nova Scotia 
and afterward of Boston) and Clarence A. 
Conrad (formerly of St. John), represent- 
ing the Frank B. Gilbreth organization, of 
New York, have already arrived and 
taken charge of the preliminary work. 

W. B. Laine, general manager for the 
Frank B. Gilbreth organization, has al- 
ready placed large orders for supplies in 
St. John. Air compressors and much of 
the electrical machinery for the temporary 
power plant will have to be made to 
order. The development of 100,000 horse- 
power at Grand Falls is of great import- 
ance to the Province of New Brunswick. 





There is in British Guiana the Kaieteur 
fall, a waterfall five times as high as 
Niagara, and almost twice as high as the 


Victoria falls of the Zembesi. , 











Hot Bearings; Some Causes and Remedies 


An Old-time Topic in a New Dress, Giving the Reader the Full Bene- 
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fit of Knowledge Gained by a Veteran of Many Years’ Experience 
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There are few troubles in the engine 
room that give the engineer more anxiety 
than hot bearings, and particularly the 
.crank pin, as it is difficult of examination 
while the engine is running. An engine 
may run for years with no sign of heating, 
when suddenly without any apparent cause 
the sense of smell detects hot oil, and the 
man ii. charge is on the anxious seat at 
-once. A case of shutdown stares him in 
the face, the thing of all others he strives 
to avoid. Where is the engineer who 
does not take the greatest pride in a year’s 
run without a shutdown during working 
‘hours? A shutdown once from hot bear- 
ings is likely to be repeated, and perhaps 
‘many times. This is particularly the case 
with large powers, as in railway power 
‘houses, steamships, etc. 


From many years’ practical experience * 


in the drawing room, in the shop and as 
-erector of steam machinery, I am free to 
say that there are numerous cases of hot 
‘bearings for which the engineer is not 
responsible, even though he may be held 
liable. Conditions beyond his control or 
foresight will arise when least expected. 
On the other hand, there are more cases, 
even, when he is not guiltless. The man 


who is continually tinkering with his 
‘bearings may expect trouble at any 
Jnoment. 


The cases are legion in which engines 
‘have run for months without a wrench or 
‘thammer being put near the keys or 
wedges. This is well illustrated in the 
dong runs of marine engines. Twelve to 
twenty days has in the past been no 
‘uncommon experience. 

With proper lead and compression on 
‘the valves the extremes of light and 
heavy pressures on the bearings will be so 
much relieved that the wear will be re- 
duced accordingly. My opinion is that 
due credit is not given to the proper 
-amount of compression for the even and 
minimum wear on both pin and main bear- 
ing. If we plot a diagram with one line 
showing the pressure on these bearings 
with a good liberal compression and an- 
other with no compression, we shall see 
one cause for the heating of bearings in 
‘the no-compression treatment. If we take 
-a cold rod of horseshoe-nail iron and draw 
it to a point, under a rapid-running trip 
hammer, the metal will be red with heat 
at the finish. Or, if we heat a steel billet, 
say 6 inches square, to a red color, and 
draw it under the blows of a steam ham- 
‘mer, the color of the billet will brighten 
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under the rapid and severe shocks de- 
livered. This shows how much heat is 
generated from severe shock applied s1d- 
denly to metals. 


Poor Ort a CAUSE’ OF HEATING 


Poor oil is another cause of heating. A 
new brand of oil should never be intro- 
duced until its quality has been estab- 
lished. With an oil of good quality, with 
body, the shaft practically rides on it; a 
thin film covers the surface of the bear- 
ing; but it should be fed regularly, and 
just enough. Not a flood at one time, 
and then the bearing allowed to run dry. 
With a poor lubricant, the surface of the 
shaft or pin comes in close contact with 
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up, there was no sign of heat for a 
time; but suddenly the smell of hot oil 
was noticed, and a shutdown followed. 
such cases the bearings should be run as 
leosely as permissible without knocking. 
Another important feature is a regular 
inspection of the bearings, at stated in- 
tervals, depending on the amount of wear 
in the boxes. To illustrate, in my early 
days I was employed in the roundhouse 
of a railroad company where we met 
with all sorts of conditions of heating 
We found many cases in which the boxes 
had worn until the bearing had extended 
over the entire surface, always resulting 
in heat so intense at times that 
would turn blue. As a never-failing cure, 


boxes 
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FIG. I 


the surface of the boxes, and friction, 
with heat, is the result. 

Clean oil is also a very important ele- 
ment. If an engineer will carefully filter 
his oil before using he will be surprised 
at the amount of grit extracted. After 
filtering, the oil should be kept in a closed 
can until used. A very small amount of 
grit will sometimes start a rough surface 
on a pin or bearing and cause heating. 

Keying up is an exceedingly delicate 
operation at times, as what would be a 
good running condition of the boxes on 
one engine would start another to warm 
up. And if the adjustment of the boxes 
is close a slight raise in temperature will 
expand the metal and a rapid increase of 
heat will follow. 

I have known cases where the rod had 
been keyed up at noon and, after starting 








FIG. 2 


we would take a half-round coarse file 
and remove the bearing surface, as shown 
in Figs. 1 and 2, leaving the bearing in 
the crown of the box. By this means 
the oil was carried around on the sur- 
face of the pin to the section of bearing 
where it was required, and the open space 
that had been formed by filing would 
form a storage for oil. 

When the bearing is extended over the 
entire box, the oil is not evenly distri 
buted, and the sections not supplied will 
cause slight friction, with resultant heat 
The oil becomes thin and passes off very 
rapidly. A good result will folloy 
use of a heavy grease, with just e: 
oil to keep the grease spread ové 
entire bearing. 

Another evil effect from excessive 
ing surfaces with most boxes of 
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composition or bronze is that there is a 
tendency toward a_ closing-in of the 
boxes, as shown at aa, Fig. 3, and even 
with a slight raise in temperature. Then 
as the box begins to pinch on the pins 
heat is generated very fast. 

In fitting up new boxes for the con- 
necting rod, it is a good plan to cut away 
the bearing surface, as shown at aa, Figs. 
4 and 5, to the depth of from 1/16 to 
'g inch, according to the size of the box. 
The narrow sections bb, Fig. 5, should be 
filed away so as to clear the pin and leave 
the bearing from c to d in the crown of 
the box. 

The tendency to close in as shown in 
Fig. 3 is more likely in the round type of 
box, and to prevent this liners should be 
fitted, as shown at aa, Fig. 6, with free- 








FIG. 3 
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body of metal to carry it off. Also, as 
the boxes are a loose fit in the strap, that 
tends to destroy the conduction of heat, 
which throws a larger portion of it into 
the pin. It is also a mistake to cut away 
the metal from the corner of the box, as 
shown at bcd, Fig. 3. It breaks up the 
path for heat travel, with very little sav- 
ing in the cost of meéal. 

While the designer will cut out the 
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boxes to absorb heat, and it has proved 
a success. 

On account of a small bearing, a new 
pin has often been put in, and in some 
cases an entire new shaft, with increased 
surface on the bearings to overcome the 
troublesome heating. I recall cases in 
which I have been on watch for weeks 
beside hot bearings, applying every rem- 
edy that was suggested, without reduc- 
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FIG. 6 


dom enough in the bearing to set up tight 
on the adjusting bolts. This holds the 
boxes firmly against-the rod and cap, a 
practice that I think should be followed on 
all crank-pin boxes. 

The liners should be cut as follows: 
Eight from 1/64-inch sheet brass, four 
from 1/32-inch, two from 1/16-inch and 
one from '%-inch. This allows of adjust- 
ment of the boxes for a long time with- 
out fling. 


DEFECTS IN CRANK-PIN Box DEsIGN 


One of the defects in crank-pin box 
design is in having too little metal at the 
edges NX, Fig. 4. The metal is so thin 
that they will not hold their shape and 
soon become loose in the strap. Then, 
at the first increase of temperature heat 
wil develop very rapidly, as there is no 


cost, he will core chambers in the body 
of main bearings and circulate water to 
carry off heat in the second cost. The 
circulation of water in the bearings has 
been the practice for many years on 
marine engines, and latterly on heavy sta- 
tionary engines. 

I have seen cases in which a_ bearing 
would start to cut and, with a prompt 
supply of cold water, would cut a path in 
the bearing and go on (with a good sup- 
ply of oil). On the other hand, I have 
seen a main bearing (composition) start 
to cut and, with a free hand for the heat, 
shut the engine down, the metal of the 
box melting and seizing the shaft. There 
have been cases where an entire new end 
has been forged on a connecting rod, with 
additional metal and room for larger 
metal at these points to save in the first 
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FIG. 7 


ing the heat, a change of metal being the 
only remedy. In one case the entire shaft 
was changed, after analyzing the metal in 
the pin, which was found too low in 
carbon. It contained only 0.2 per cent. 
A new pin was fitted with 0.45 per cent. 
carbon and there was no more trouble. 
The following will give good results: 


CrRANK PINS 


0.46 per cent. carbon, 


0.10 vi silicon, 
0.049 sulphur, 
0.038 phosphorus, 
0.61 7 manganese. 


For the crosshead pin the carbon ‘should 
be increased to 0.55 per cent. 


CRANK SHAFTS 


0.42 per cent. carbon, 


0.11 ge silicon, 
0.045 sulphur, 
0.038 phosphorus, 
0.61 : manganese, 
3.50 - nickel. 
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Piston RAcKS 
0.43 per cent. carbon, 
0.11 i silicon, 
0.036 “ sulphur, 
0.039 rs phosphorus, 
0.52 is manganese. 


VALVE STEMS 
0.33 per cent. carbon, 
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OF MATERIALS 
REQUISITE 


CARE IN SELECTION 


Too much care cannot be taken in the 
selection of material for pins and shafts. 
The analysis should always be specified in 
ordering and tested after receiving. With 
poor material in the pin and shaft, after 
long service the metal will wear away and 


0.10 a silicon, uncover the open grain and streaks of 
0.047. “ sulphur, gritty matter, which will often start heat- 
0.049 phosphorus ing, the cause of which seems a mystery. 
1.03 7 manganese. In cases where the bearing of the pin 
| | Composition or Bronze _-Crankpin Box 
a 7 
Babbitt Babbitt 
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This gives a hard surface and will wear 
well in the stuffing box. 

All of these are taken from practice and 
have proved very successful. 

A case of crank-pin wear and cutting 
away is shown in Fig. 7. The engine had 
run about four weeks and was pounding 
on the pin so that it could be run no 
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FIG. 10 
longer. The wear on the boxes (composi- 


tion) was about 1/16 inch, while on the 
pin it was ‘% inch, on one side only. The 
steel in the pin was of poor quality, and 
there were streaks of dark grit on the sur- 
face. This came from the amount of 
metal removed, as the pin was made from 
a bar. Crank pins should be forged in 
dies under a hammer, if the collar is to 
be solid with the pin. This densifies the 
surface metal, closing all openness of 
grain. Not over % inch should be turned 
off the bearing in finishing, as the deeper 
the cut in the bar the more open it shows. 


heats, and the boxes are of hard com- 
position, or bronze, with a soft-steel pin, 
babbitt of a good quality will prove effec- 
tive. But great care should be taken in 
putting the babbitt in. Bore about %4 
to 3¢ inch out of the box, leaving a rough 
surface from the cutting of the tool, then 
heat the boxes, and thoroughly tin them 
on this rough surface. Put in the babbitt, 
leaving about 3/16 inch to bore out. 
Take a rough cut, leaving 1/16 inch for 
finish. Then with a small'roller in a bar, 
as shown in Fig. 8, roll the babbitt out 
against the composition, run the roller 
back and forth a number of times in the 
lathe, and then with the boring tool take 
the finish cut to size, which should be 
about 1/64 inch larger than the pin. 
Never hammer babbitt in the boxes; roll- 
ing is far better. 

The following mixture of babbitt has 
proved very satisfactory for crank pins: 
Tin, 88; copper, 5; lead, 10. For heavy 
main bearings: Tin, 85; copper, 4; anti- 
mony,’9.5. For light, slow-running main 
bearings: Tin, 5; lead, 80; antimony, 15. 

The different metals should be melted 
separately and mixed while in the fluid 
state. This is very important and should 
be strictly adhered to. 

Crank pins that are out of line with the 
shaft, or when worn out of round, are 
often very troublesome in heating, and to 
true them up is a very delicate job. The 
writer has found the following very suc- 
cessful: Place the pin in position 7, Fig. 
9, and file a flat section true to a very 
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sensitive level. the same level as the shaft 
but not the main bearing on the shaft, as 
that may ‘have worn taper. Place the 
level at a, Fig. 10, but caliper the shaft at 
that point to be sure it is parallel. 

After the flat place is filed at 7, turn the 
pin to position 2 and file another section. 
Repeat the operation until all of the flats 
have been filed as shown, around to 8. But 
after the position 2 is reached, caliper the 
pin (at one point only, preferably in the 
center as at X Fig. 10), to be sure that 
when 8 is reached it will be round. After 


a" Calipers 


Zo 


FIG. 9 


all of the flats have been filed, take a 
cast-iron box, Fig. 11, and bore it to the 
small diameter of the flats as at position 
8. The casting should be thick enough 
so as not to spring out of true. Then with 
lampblack or red lead in the bore of this 
box to mark the high spots on the pin, 
finish filing. The last of the filing should 
be with a dead smooth file, with the cor- 
ners ground off so as not to mark the 
pin. If care is used in this operation the 
pin will be perfectly true and round. 

It is often stated that a crank pin out 
of line with the cylinder will heat, but 
such is not always the case. In overhaul- 

















FIG. II 


ing a large horizontal engine some years 
ago, it was found that a line through the 
cylinder was nearly % inch one side of 
the center of the pin; still, that engine 
had run for years with no sign of heating. 





It is stated that the oil used on railways 
in the United States as fuel amounted in 
1907 to 18,855,691 barrels. It is estimated 


that 13,593 miles of railway were operate 
by oil-fired locomotives making some 74 
000,000 engine-miles in the year. 
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Belting Compared with Chain 


. Transmission * 


By HaArrINGTON EMERSON 





“For power transmissions, as met with 
in ordinary shop practice, no means has 
as yet been devised which can compare 
in economy of first cost and ease of hand- 
ling with belting, especially with regard 
io unskilled labor.”—‘Power Transmis- 
sion by Chain,” Cassier’s Magazine, May, 
1908. 

The writer of the article, Edward T. 
Flax, is a recognized authority on chain 
transmissions and was supplied with full- 
est information by leading European chain 
manufacturers. 

Chain transmission, is not thought of 
for general shop use, although for ad- 
vertising purposes a shop has in one in- 
stance been so equipped. There are, how- 
ever, installations where chains are best, 
in spite of their many drawbacks. Chains 
are, mechanically, merely a form of gear- 
ing, and as such are suitable for positive 
transmissions of very heavy powers at 
slow speed. They are widely and properly 
used for conveying ashes, sand, chemicals 
and liquids which would corrode or de- 
stroy belting. Chains of this kind 
generally made of malleable iron. Even 
for conveyers for clean substances, flour, 
wheat and other grains, belts are prefera- 
ble, and in the best installations leather is 
preferred to cotton or rubber, being more 
durable. Transmission chains have to be 
carefully made. If the chain is to run 
smoothly, noiselessly, and without con- 
siderable friction, both the links and the 
sprockets must be mathematically correct. 
This perfection of design is found only in 
the highest and best makes of steel chain. 


are 


THE OrDINARY CHAIN 

The makers of the best chains are those 
who know most about the troubles with 
The American manufacturer of 
the Renold silent chain thus describes the 
ordinary chain: “As soon as the chain 
is started up, it stretches and immediately 
all the strain falls on one tooth. This con- 
dition gets worse as the strain increases. 
\s the wheel turns, the working tooth 
goes out of mesh, then the wheel slips 
back until the next tooth comes into con- 
tact with the next link in the chain. 
Obviously this jar brings an abnormal 
strain on the chain and sprockets. Con- 
sider how many times a minute this jar 
occurs at even moderate speeds. It is so 
large that all ordinary chains stretch 
Tapidly.” 

This deterioration starts in with the be- 
ginning of service. Even in such light 
and flexible duty as bicycle transmission, 
a chain is subjected to sudden severe 
strains, which either stretch the chain or 
distort the bearing surfaces. Either mis- 
hap is fatal to smooth frictionless running. 


chains. 


Vaper presented to Leather Belting Manu- 
facturers’ Association, February 1, 1909. 
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If the transmission is positive, as from 
motor or shaft to a machine tool, sudden 
variations in strain become hammer 
blows, sledge-hammer blows, and_ the 
chain must either break or the parts yield. 
To avoid the evils arising from the 
stretching of the chain, self-adjusting 
forms of teeth have been invented, of 
which the Renold silent-chain gear is one 
of the best. 
DISTORTION 


The adjustment of the teeth to wear, 
however, does not obviate the distortion 
on the bearing and meshing surface due 
to blows. The chain being a_ positive 
transmitter there is no slip or give under 
a sudden increase in load, as when a tool 
sticks in a casting, and even if the tool 
breaks, the chain has sustained a severe 
and hammer-like blow. Chains even of 
the best make are often hopelessly dis- 
torted in as little as three months’ time. 
To palliate this evil, spring sprocket 
wheels are not rigidly mounted on their 
shafts, but a spring is interposed between 
rim and hub, so that when the shock or 
blow comes it is softened by the spring. 
This added complication and expense has 
proved a very great betterment, prolong- 
ing the useful life of the chain, but wear 
and jar still exist and the date of renewal 
is merely postponed. There comes a time 
when chain and sprocket wheel must both 
be replaced. 

The makers of the Renold silent chain 
claim that it is superior to leather belting 
because: 

(1) It cannot slip. , 

(2) It can be used in a hot or damp 
place. 

(3) It can be run on shorter centers 
than belting. 

In all the above ‘respects the chain is 
where the work must 
register exactly, as in the color-printing 
presses. It is very useful for dishwash- 
ers, or for other forms of transmission 
where there is oil or high heat. 

The short-center claim is perhaps not 
quite so sound. The big tools of a plan- 
ing mill have not found anything to re- 
place belting, yet the centers are very 
close, the pulleys very small. This is one 
of the most severe of mill-transmission 
problems, and experience has proved that 
only the finest quality of single leather 
belting will run these machines success- 
fully. 


good, especially 


SHorT CENTERS 


Oberlin Smith, formerly president of 
the American Society of Mechanical 
Engineers, at a recent meeting of the 
society spoke as follows on the subject 
of short centers: 

“Tn driving the new and extra powerful 
tools for using high-speed steel, much 
attention has been paid to trains of gear- 
ing and endless chains for getting suffi- 
cient torque, the poor old-fashioned belt 
being neglected as being too weak and of 
no account. The trouble with the old- 
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time belt drive was that the belts were 
run much too slow, hence did not have 
the capacity to transmit much power. I 
have found, however, that the cheapest 
and most practical method to drive a shaft 
from a motor is with a short belt running 
at high speed and endless. A small belt 
running at 3000 to 4000 feet a minute will 
transmit an enormous amount of power 
and can be kept so loose as not to be 
strained up to its working limit, thus be- 
ing very durable. Because it runs loosely 
the shafts are not pulled together, so that 
there is very little journal friction and 
wear. There need not be any fear of its 
being too short between pulley centers if 
it is strong, thin, endless and runs at high 
speed.” 

The makers of the Morse rocker chain, 
also a very excellent chain, recommend it 
for use under the following conditions: 


(1) Where -room is lacking for the 
proper sized pulleys for belts. 
(2) Where the centers between shafts 


are too short for belts. 

(3) Where a positive speed ratio is de- 
sired. 

(4) Where there is moisture, heat or 
dust that would prevent a belt working 
properly. 

(5) Where a maximum power per inch 
of width is desired. 

The Renold silent chain and the Morse 
rocker chain find springs necessary in the 
sprocket wheel. This springiness the belt 
naturally possesses, and where maximum 
power is not necessary at a low speed un- 
der conditions of and 
dirt, as in automobile transmission, 
belt will be cheaper to install, cheaper to 
maintain, cheaper to repair in case of 
breakdown, and more efficient than any 
A leather belt will 
short centers and transmit 
powers, but it should be run at 
speed than a long belt. 


service moisture 


the 


chain. run on very 
high 


higher 


very 


DiFFICULT TRANSMISSION 

One of the most difficult transmissions 
in engineering practice is from the axle 
of a moving train to the dynamo which 
charges a storage battery for train light- 
ing. The transmission must run without 
attention over a distance of 2000 miles; 
must stand up under excessive heat and 
excessive cold, often on the same trip; 
must run covered with the sand and grit 
from the deserts, or when soaked from 
water-covered tracks. For this very diffi- 
cult service belts are used because other 
forms of transmission have failed. 

A poor belt and a poor pulley installa- 
tion are not as bad, not as wasteful of 
power, not as costly, as a poor chain and 
sprocket combination, and if the installa- 
tion is of the highest grade, and cither 
chain or belting can be used, the belt will 
be the cheaper. For slow service. for posi- 
tive transmission, for rough service, gears 
are rivals of chain transmission. For fast 
service, for springy transmission, for clean, 
dry work, leather belts are still the best. 

A 
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Selection of Coal for Boiler Furnaces 


General Consideration of Types of Fumace and the Selection of 
Coals, with Recommendations as to Most Desirable Specifications 





BY 


It is well known that certain coals are 
especially suited for locomotive use, others 
for metallurgical use, for illuminating gas, 
cr for the manufacture of coke, etc., but 
ull coals are considered as possible fuel 
for boiler plants. This being so, it is im- 
portant to know about the design of fur- 
naces and the influence of certain char- 
acteristics of coal in order that the best 
results may be obtained. 


FuRNACES 


An ideal furnace would, of course, be 
one in which all coals, no matter what the 
character of their composition, could be 
burned with equal efficiency. Furnaces 
may be generally classified as follows: 

(1) The hand-fired grate set in a cham- 
ber inclosed by the iron surfaces of the 
boiler, as in the internally fired boilers of 
marine type, in the locomotive type used 
for stationary purposes, house boilers and 
small vertical boilers. These boilers cool 
the gases from the coal and are not suited 
for use with coals containing more than a 
small percentage of volatile matter. Where 
bituminous coal is burned in such boilers 
there is a considerable loss of unburned 
gases as is evidenced by the 
given off. 

(2) Hand-fired grates set in a chamber 
partially inclosed by brick and with the 
boiler surfaces just above or near the 
surface of the fire. This includes the 
usual setting for horizontal return-tubular 
and water-tube boilers. These are not 
suited for burning bituminous coal. 

(3) Hand-fired grates set in a_ brick 
chamber with a considerable space for 
combustion to take place before the gases 
reach the surfaces of the boiler. This 
may be accomplished by brick arches, tiles, 
ete., and, in addition, piers, baffle walls 
and other devices are used to assist in 
mixing the gases and air while within the 
combustion space. With these may be 
included down-draft furnaces and coking 
furnaces fired by hand. 


smoke 


Many of the foregoing, when carefully | 


fired, give good results and with certain 
sizes and kinds of coal they may be oper- 
ated without dense black smoke, but usu- 
ally not without some smoke. Often a 
special coal is required to secure good re- 
sults. This creates a demand for coals 
low in ash and of large size. Screenings 


*Engineer in charge of tests at the United 
States Geological Survey Experimental Sta- 
tion, Pittsburg. Penn. Paper read at Illinois 
Coal Conference, March 10, 11 and 12. 
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are seldom burned in such furnaces with 
good results. 

(4) Automatic stokers partially inclosed 
in brick, with a small combustion cham- 
ber and a short distance from the grates 
to the boiler furnace. Such settings usu- 
ally give good results except at high capa- 
cities, or when the load is changed sud- 
denly. They give off more or less smoke, 
depending on the size and character of 
coal used. Coals high in fixed carbon 
may be used with good results. 

(5) Automatic stokers inclosed in brick 
settings, with a large combustion cham- 
ber and a considerable distance from the 
grates to the boiler surfaces. Such set- 
tings will burn almost any size or kind 
of coal with economy and without smoke 
within reasonable ranges of load. 

Time is required for the air and gases 
to burn and any means that will facilitate 
the ultimate mixture of the air and gases 
will reduce the size of the combustion 
chamber necessary for good results. In 
general, then, for most coals, and especi- 
ally for those which have high percent- 
age of volatile matter, it has been found 
more satisfactory to install some kind of 
device which will feed the coal regularly 
in small quantities, allowing it to become 
heated gradually, driving off a practically 
uniform amount of gas to which a proper 
amount of air can be admitted and burned 
in a combustion chamber which is suff- 
ciently large to allow of complete com- 
bustion in the furnace. 


DRAFT 


In considering any type of furnace, one 
should keep in mind the necessity of hav- 
ing a strong draft available. This may 
be provided by a stack or a fan. A stack 
may be supplemented by a forced-draft 
fan, or an induced-draft fan may be used 
alone or in connection with a forced-draft 
fan. Most plants do not have sufficient 
draft at times when boilers 
loaded. 

The amount of draft required depends 
upon the kind of coal used, the size of 
the coal and on the load to be carried. 
Stacks should seldom be less than 120 feet 
high. In many cases they must be higher, 
or a fan used with them. For most bitu- 
minous coals a draft or difference of pres- 
sure of 1% inch of water between the top 
and the bottom of the fuel bed will be 
sufficient. For small sizes of bituminous 
coals and for the various small sizes of 
anthracite, the draft required is greater. 
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For buckwheat sizes of anthracite, a draft 
of I inch of water is frequently necessary. 


CuHoIce oF COoALs 

Because a coal is sold at a low price 
per ton does not of necessity make it the 
cheapest coal to buy. In choosing a coal 
when the furnace equipment and other 
conditions are favorable, the one giving 
one million heat units for the lowest cost 
will prove to be the most economical to 
purchase. As a rule, coals mined near 
the point of consumption and bearing only 
a small freight charge will be the cheapest 
coals to purchase and, in most cases, it 
will pay to install a suitable furnace to 
burn them. An engineer having full in- 
formation before him may then decide 
whether his furnaces are suitable for 
burning the cheapest coal, or whether it 
will be profitable to change the furnaces. 

It often happens that, for some good 
reason, it is impossible to change the 
equipment and in this case it is, of course, 
necessary to choose a grade of coal which 
will make it possible to generate the steam 
required, even though it be more expen- 
sive. These conditions arise especially in 
plants belonging to Government or State 
institutions and in plants’ which 
rented. 

In considering. coals for boiler plants, 
one must be familiar with the kinds and 
grades of coal available, their chemical 
characteristics and the prices, together 
with the furnace equipment to be used. 

Certain characteristics of coal determine 
the method of firing or the design of fur- 
nace required to burn them most effici- 
ently. Among these are the tendency to 
clinker and to cake in burning. The 
amount and character of the volatile mat- 
ter, ash and moisture are also important. 


are 


How To SeLteet CoA 


In choosing coal for a boiler plant, it 
is probable that the chemical comparison 
is the more reliable, if based upon a repré 
sentative sample of the coal, than a boiler 
test. The possibility of doing accurate 
work in a laboratory is greater than in 4 
boiler room, where the fireman may uni! 
tentionally influence results by his meth: 
of handling a fire. Usually it requires 
few days for a fireman to become accu 
tomed to a new cecal, and even an exp¢ 
fireman has difficulty to burn the sai 
coal two days in succession and supp!) 
the same amount of air per pound of cou! 
each time. <A boiler test is only a rouch 
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determination, and two tests, one on each 
of two coals, are seldom sufficient for 
comparison. If several tests can be run 
ind the averages of the results of these 
taken, they will compare pretty closely 
with the chemical valuation of the coal, 
provided the coals are of the same general 
haracter. Coals high in fixed carbon 
ind low in moisture give better results 
than those high in volatile matter and 
moisture. This is true in nearly all fur- 
naces and especially true of those not 
provided with firebrick furnaces. 


SIZE 
In the perfect furnace which has been 
mentioned, the value of the coal should 
depend entirely upon the heat units which 
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show that with the equipment used coals 
from Illinois, Indiana, Kentucky, Iowa, 
Missouri and Kansas may all be burned 
with practically the same efficiency, even 
though the heating value varies from 8000 
to 13,000 B.t.u. per pound of coal, the ash 
varies from 8 to 25 per cent., the moisture 
varies from 3 to 20 per cent. and the vola- 
tile matter varies from 30 to more than 
40 per cent. in these coals. 


INFLUENCE OF HEATING VALUE 


The results of these tests indicate that 
for coals of the same general character 
the performance of a boiler depends, for 
the most part, upon the B.t.u. available in 
the coal; that moisture, volatile matter, 
sulphur and ash have more or less influ- 











ure available in the coal. This being so, ence on the capacity and efficiency. It is 
TABLE 1. 
PROXIMATE ANALYSES OF COALS FROM DIFFERENT PARTS OF THE UNITED STATES. 
(See Prof. Paper 48, U. S. Geological Survey.) 
PROXIMATE ANALYSES OF COAL AS FIRED. 
Coal Fixed Volatile 
Carbon. | Matter. | Moisture.| Ash. B.t.u 

—_— — —- _ —_— — — —|- — —— —— } — — ——_ —— | —_ —__ — | - ee | = 
tk rere ern ee ae 56.68 31.19 5.26 6.87 13,677 
SS en EE ee ere = 38.21 36.91 9.69 | 15.19 10,706 
Wiser ..........5:. | RE emery wees Gere 29.98 26.18 18.63 | 25.51 7,756 
My MEE Sc ok ops a. weres a W-bubw ose 25.40 28.13 33.84 | 10.63 6,674 








the heat value would be the true basis for 
the purchase of coal. Unfortunately, as 
has just been mentioned, the size of the 
coal, even though it is otherwise equally 
high in B.t.u., is an important element in 
burning the coal on most kinds of equip- 
Usually the smaller sizes are more 
dificult to burn on account of the diffi- 
culty of drawing air through the fuel bed 
and in many kinds of coal the smaller 
sizes contain a greater percentage of ash 
than do the larger sizes. 

Owing to the difficulty of burning the 
smaller sizes of coal, they are usually 
much cheaper than the larger coals. Im- 
proved furnaces with strong drafts have 
been provided in so many plants that very 
little coal is being wasted today on ac- 
count of its size. The culm banks of the 
anthracite region are being put through 
washeries and the good portion sold for 
fuel. Many coals break up badly in hand- 
ling. This is especially true of some of 
the high-grade Eastern coals. Some of 
them are delivered with 20 per cent. fine 
coal which will pass through a screen with 
round holes ™% inch in diameter. If the 
coals cake in burning, this is not as serious 
as with noneaking coals. With fine coal 
a much stronger draft is required which, 
in some cases, carries a considerable quan- 
tity of the very fine fuel off the grate be- 
fore it is burned, and in case it does not 
cake there is also a considerable loss due 
to sifting through the ashpit. 


ment. 


CHEMICAL CHARACTERISTICS 
The results of more than 600 steaming 
tests conducted at the fuel-testing plant 
of the United States Geological Survey 
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per cent. of moisture based on the “com- 
bustible” in the coal. It will, therefore, 
be seen that an increase of 1 or 2 per cent. 
of moisture in the coal has but little effect 
on the efficiency of the boiler. However, 
when moisture occurs in large percent- 
ages, as it does in some coals, there is a 
serious loss due to the heat required to 
evaporate this moisture from the coal and 
to the reduction in temperature of the fur- 
nace gases. This not corrected 
for in chemical reports on B.t.u. in coal, 
and an allowance should be made if a 
coal is high in moisture. This would 
correspond to the so-called low B.t.u. 
value of gas and liquid fuels used in in- 
ternal-combustion engines (see last col- 
umn, Table 2). 

In order to make clear the relation be- 
tween the different forms of reporting 
coal analyses and to show the influence 
of moisture in coal when both moisture 
and ash are present in varying amounts, 
the accompanying tables have been pre- 
pared. 


loss is 


INFLUENCE OF ASH 
It is difficult to determine just what 
effect the presence of ash may have on the 
efficiency of the boiler. Apparently it is 
small. Ash has, however, a decided influ- 








TABLE 2. 


THE INFLUENCE OF MOISTURE AND ASH IN COAL ON THE B.t.u. VALUES AND ON THE HEAT UNITS 


AVAILABLE TO THE BOILER 


SAME COALS AS IN TABLE 1. 














COMPARISON OF B.T.U. 
VALUES. 
| ' 
Coal. < = 2: 
32 sé S52 
bel = ~es 
a, | Me m6 
= A Y 
West Virginia.. 8..| 13,677 14,436 15,564 
.... eas 2 10,706 11,855 14,252 
Missouri....... 3.. 7,758 | 9,535 13,817 
North Dakota.. 1.. 6,674 | 10,402 12,466 
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COMPARISON OF ASH. MOISTURE. 
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6.87 | 7.25 | 7.83 5.26] 5.99 | 0.49 
15.19 | 16.82 | 20.22 9.69 12.90 1.15 
25.51 30.99 | 44.90 18.63 | 33.17 3.16 
10.63 16.56 | 19.85 35.84 | 67.00 | 6.70 














difficult to separate the effects due to any 
one of these items, except when they occur 
in large percentages. Coals of the same 
character may be compared directly on 
the basis of the B.t.u. in the coal as 
delivered without serious error. It is 
important to note that the heating value 
should be considered on the basis of the 
moist coal “as delivered” and not on the 
dry coal (see Table 2). Coals of differ- 
ent character may be compared on the 
basis of their B.t.u. values, but account 
must also be taken of the percentage and 
character of volatile matter, the percent- 
age of ash and the percentage of moisture. 
An allowance for these must be made, de- 
pending on the conditions under which 
the coal will be used. 


INFLUENCE OF MOISTURE 
The loss due to moisture in the coal 
when present in small percentages is com- 
paratively small. Stated roughly, this loss 
amounts to about I per cent. for each 10 


ence on the capacity at which a_ given 
equipment may be operated; it reduces 
the effective grate area and introduces an 
added resistance to the flow of air through 
the fuel bed. There are losses of 
efficiency and capacity due to the neces- 
sity of cleaning fires frequently. 
This becomes of less importance in types 
of furnace where the ash is discharged by 
dumping or other automatic discharging 
devices. 


also 


more 


INFLUENCE OF VOLATILE MATTER 

The volatile matter in the coal is also an 
important element, as it is more difficult 
to burn than the fixed carbon. The per- 
centage of volatile matter as shown by the 
proximate analysis is not a direct measure 
of the difficulty of burning the coal with 
good efficiency and without smoke. Dif- 
ferent coals having practically the same 
percentage of volatile matter vary in the 
amount of tars and heavy hydrocarbon 
given off when they are heated. 
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In addition to the foregoing, it must be 
remembered that the volatile matter is 
not all combustible material and the varia- 
tion in this respect is very great when all 
the coals in the country are compared. 
Coals having a high percentage of vola- 
tile matter which is nearly all combustible 
are found to be the most difficult to burn 
properly. The results obtained from tests 
on an iron inclosed furnace show a drop in 
efficiency as great as 10 or 12 per cent. in 
burning coals ranging from 18 down to 
45 per cent. of volatile matter in the 
“combustible.” A well-designed furnace 
reduced this loss in efficiency when burn- 
ing such coals to about 5 per cent. A per- 
fect furnace would, of course, obtain the 
same efficiency from all coals. 


INFLUENCE OF SULPHUR 


Sulphur is considered an _ undesirable 
element in coal. It usually gives trouble 
from clinker and is sometimes destructive 
to the grate bars. Its effect depends upon 
the form in which it occurs in the coal; 
on the percentage of ash in the coal. 
Coals having sulphur varying from % to 
6 per cent. or more are successfully 
burned under boilers and, in many cases, 
no difficulty is experienced. 


PURCHASE OF COAL FOR THE GOVERNMENT 


The United States Government is a 
large user of coal. Its fuel bill amounts 
to nearly ten million dollars annually. 


Much of the coal purchased is tested and 
analyzed. One single contract for this 
year was for 400,000 tons of coal to con- 
tain 14,600 B.t.u. per pound. 

In order to compare the cost of coals 
used by the Government in the larger 
cities of the country, it has been cus- 
tomary to calculate the cost on the basis 
of the number of cents per 1,000,000 
B.t.u. It is interesting to note that for 
last year’s contracts the cheapest coal was 
delivered in Louisville, costing only 7.1 
cents per million B.t.u. The cost in Bos- 
ton for similar coal was 16.3 cents and in 
St. Paul the price was 17.1 cents. Anthra- 
cite was delivered in Eastern cities at 
prices ranging from 8% cents per million 
B.t.u. for buckwheat coal to 14 cents for 
pea coal, and as much as 20 cents in some 
cases for egg and broken coal. 


SPECIFICATIONS 


Having decided upon a kind of coal to 
be used for a plant, the purchaser natur- 
ally desires to have some assurance that 
he may be able to secure the coal in ques- 
tion, or one of practically the same com- 
position, for a given period. This has led 
to the use of specifications for the pur- 
‘chase of coal. If the size of the contract 
and other conditions warrant the use of 
a specification, then the proposal for coal 
to be of value should contain at least two 
general statements regarding the kind and 
character of coal: 
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PROPOSALS FOR COAL 

The bidder should state in his proposal 
(1) the commercial name and size of the 
coal to be furnished, the size to be speci- 
fied within certain limits in order to avoid 
disputes when coal is delivered, and (2) 
the character of the coal to be furnished, 
in the following form: 








PROXIMATE ANALYSIS. 





Free from 


AS Moisture 
Received. | Dry Coal. | and Ash. 
Moisture. . . .| Pe cia ck 
Volatile mat- 
OS 6.53. 0:0 re cea CC pats steno 
Fixed carbon'.......... 
Ie ee Orcs! Grau eee ionin ene 











Sulphur separately deter- 
Saree %. 
B.t.u. in coal as received (not dry)... 





The price per ton should be stated for 
coal of the specified quality. The price to 
be paid on coal delivered should vary di- 
rectly with the B.t.u. in the coal “as de- 
livered;” this value to be modified fur- 
ther, if advisable, by corrections: 

(1) For more or less ash in the dry 
coal; 

(2) For more or less volatile matter 
in the “combustible,” allowing in all cases 
2 or 3 per cent. variation without premium 
or penalty. A limiting value may be 
placed on the percentage of sulphur in the 
coal which will be accepted. Corrections 
for ash and volatile matter are best ex- 
pressed in the form of a table. In mak- 
ing corrections for variations in the 
quality of the coal delivered, it may in 
some cases be more convenient to make 
all changes in the price on the basis of 
change of the B.t.u. 

The reasons for basing the contract on 
the items mentioned are as follows: 

(1) “B.t.u. in coal as received” corrects 
for changes in heating value due to 
changes in both ash and moisture. 

The B.t.u. in the coal as delivered béing 
the most direct measure of its value to 
the consumer, it is reasonable that the 
contract should be based principally upon 
this value. This value may be determined 
and reported directly by the chemist. This 
results in a premium for better coal’and a 
penalty for coal not up to the standard. 

As has been shown, as far as is now 
known the presence of small amounts of 
moisture in the coal has but little effect on 
the efficiency of the boiler, and as coals 
from the same mine or group of mines do 
not usually vary more than 3 or 4 per 
cent. in moisture, it hardly seems worth 
while to correct for the small amount of 
heat lost in evaporating it. By basing the 


value of coal on the B.t.u. as received 
(moist), the variations in heating value 
as otherwise affected by the moisture are 
provided for. e 

(2) “Ash in the dry coal” is indepen- 
dent of changes in moisture in the coal, 
this figure always being the same no mat- 
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ter what the moisture content may be. 
Coal delivered from the same mines may 
vary considerably in the percentage of 
ash. A reasonable allowance, such as I 
or 2 per cent. from the average, would 
seem to be desirable, as such a variation 
is almost unavoidable in commercial 
products. Inasmuch as the heating value 
is taken care of by the B.t.u. determina- 
tions, the only remaining correction to be 
made for the ash is the extra trouble in 
handling the coal and ashes and the pos- 
sible reduction of the capacity of the 
equipment. When the ash greatly exceeds 
the amount for which the furnace was de 
signed the reduction in capacity may be- 
come a serious matter and would justify 
a rapidly increasing penalty. For the first 
3 or 4 per ceht. increase or decrease in 
the ash it is only necessary to provide for 
the difference in the cost of the handling, 
which is between % cent to I cent per ton 
for each 1 per cent. of ash in the coal. Ii 
corrections other than for B.t.u. are to be 
made, and the ash is a factor, the speci 
fications should be based upon the percent 
age of ash in the dry coal for reasons 
which are explained elsewhere. 

(3) If volatile matter is to be corrected 
for, then “volatile matter in ‘combusti 
ble’” is preferable to “volatile matter in 
coal,’ It should be the same, or nearly 
the same, regardless of variations in mois 
ture and ash in the coal, and it is more 
properly a measure of the difficulty to be 
experienced in burning coal, as it is the 
direct ratio of the volatile matter to that 
part of the coal which is actually burned. 
It is reasonable to have a penalty for 
great variations in the volatile matter 
from the standard specified, for the rea 
son that furnaces are not all equally well 
designed to burn coals high in volatile 
matter. This should not in any way affect 
the dealer or operator, provided the coal 
is furnished from the same mine, as the 
volatile matter should remain practically 
constant and a reasonable limit should be 
established within which no change in the 
price would be made. This_ variation 
could well be 3 per cent. either way from 
the standard established. The value for 
volatile matter should be based on volatile 
matter in the “combustible” (coal free 
from moisture and ash), as this value re- 
mains nearly constant in the same coal. 
Premiums or penalties for lower or higher 
volatile matter may properly vary accord- 
ing to local conditions. 

(4) Sulphur. Sufficient information is 
not available on which to base a reasona- 
ble rate for correction for this element 





A forest products’ laboratory is to lh 
established at the University of Wiscon- 
sin, at Madison, by the United States For- 
est Service, where all lines of the experi- 
mental investigations of the Government 
looking to closer and better utilization of 
timber and the checking of wood wast 
will be concentrated in the near future 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Air Receivers 


The uses of compressed air are so 
varied «that no definite rules can be laid 
down to cover all requirements of the re- 
ceiver. That a receiver is desirable seems 
to be generally conceded, but the reasons 
for its use seem to be rather confused. 

The most important functions of a re- 
ceiver can be divided under four heads: 
To act as a temporary reservoir; to col- 
lect the water and grease and insure dry 
air; to reduce the loss caused by fric- 
tion in the pipes, and to equalize the 
pulsations and steady the flow of air to 
the place of use. 
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FIG. I. VERTICAL RECEIVER 


The nrst function of a receiver that 
occurs to most people is that it will act 
as a reservoir of power. This is true, to 
a certain extent, if the receiver is made 
large enough, but in most cases this 
would require a receiver so large as to 
be prohibitory. For this reason the plan 
of using’the receiver as a reservoir will 
never be satisfactory, and the extra 
money spent for the reservoir would be 
better used if expended in the purchase 
of a compressor of sufficient capacity to 
supply the greatest demand put upon it. 

\n idea of the size of receiver neces- 
Sary to act as a reservoir can be had from 
the following example of a 24x30 com- 
Pressor, running at 85 revolutions per 


minute at a working pressure of 110 
pounds. It would require a receiver 5 
feet in diameter and 60 feet long to keep 
up the work of the compressor one min- 
ute after it had been stopped and not 
allow the pressure to drop more than 15 
pounds. While if the compressor was at 
work and the demand for air was 25° per 
cent. greater than the capacity of the 
compressor in four minutes it would 
lower the pressure 15 poynds. The real 
value of the receiver is when the demand 
for air is very irregular, the advantage 
being due to the fact that the compressor 
stores energy in the receiver without any 
great change in pressure when the de- 
mand for air is less. This saves the com- 
pressor from the hard usage caused by a 
varying change in the load, and avoids 
the loss caused by free expansion, which 
would result if no receiver were used. 
When the variation in the quantity of air 
used is very great, and a uniform pres- 
sure is required, an unloader is often 
used. 
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FIG. 2. HORIZONTAL RECEIVER 


The receiver when properly connected 
serves as a means for removing the water 
and grease from the air. The inlet to 
the receiver should be at the bottom, and 
the outlet at the top. This applies to 
both the vertical and horizontal types. 
See Figs. 1 and 2. To each receiver 
should be fitted a pressure gage, safety 
valve and drain. The water and grease 
are drained from the air by allowing it 
to pause in its flow, to cool and to drop 
the water and grease which would other- 
wise be carried along by the current of 
air. If the receiver is too close to the 
compressor the air will not have time to 
cool sufficiently. The general practice is 
to place the:receiver about 50 feet from 
the compressor. If the air is not suffi- 
ciently dry to prevent freezing after hav- 
ing passed through the receiver, it may 
be farther dried by placing a separator in 
the pipe line, made as shown in Fig. 3. 
The shell is made from a 6-, 8- or 10-inch 
nipple, according to the size of air line, 


IDEAS 


with caps screwed over the ends. The 
bottom cap is drilled and tapped for the 
drain, and the top cap for the inlet and 
outlet pipes. This separator should be 
placed at the end of the air line, and at 
the lowest point in the pipe system. 

The air may also be dried by placing 
a second receiver at the end of the air 
line. This also is useful in reducing the 
loss by friction of the air in the pipe sys- 
tem. When air is quickly withdrawn 
from the pipe the pressure will momen- 
tarily drop below the average. If a re- 
ceiver is placed as near the scene of action 
as possible this loss of pressure and mo- 
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FIG. 3. SEPARATOR, OR TRAP 





mentary fluctuations will, to a large ex- 
tent, be prevented. Also, by keeping a 
uniform pressure at each end of the air 
line, the flow of air will be more uni- 
form, and the pipe friction will then be- 
come a constant quantity, due to'the aver- 
age consumption of air and the differ- 
ence in pressure of the two receivers at 
each end of the pipe. Since the friction 
loss varies as the square of the velocity, 
it is readily seen that the loss is least 
when the velocity is that due to the aver- 
age air consumption. 

The fourth function, the equalizing of 
the pulsations and steadying the flow of 
air to the place of use, is similar in prin- 
ciple to the third function. As the air 
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comes from the compressor into the pipe, 
the pressure will run’ up momentarily 
far in excess of the average pressure 
used, unless there is sufficient space for 
its immediate accommodation. This will 
throw unnecessary strain on the compres- 
sor, and also consume power. By placing 
a receiver in the air line this difficulty is 
relieved and a steady flow of air is sent 
into the pipe leading to the work. 

The size of receiver required depends 
upon the rapidity at which the air is 
drawn from it, and the drop in pressure 
permissible. The size also depends upon 
the working pressure, and in general it 
can be said that the greater the working 
pressure, the smaller the size of receiver 
that can be used for a given number of 
cubic feet of free air per minute. Fig. 4 
is a diagram showing the general prac- 
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tice in selecting the size of receiver un- 
der ordinary conditions. For example, to 
find the size of receiver necessary for an 
1100 cubic-foot machine at 110 pounds 
working pressure, project across to the 
1f0-pound curve, and then down to the 
lower margin, where the size is found to 
be 140 cubic feet. From this the dimen- 
sions of the receiver can be computed. 
Receivers should be made of the best 
69,000-tensile-strength steel. The — side 
seams should be double-riveted, and 
strongly made with dished heads, and 
tested at a pressure 50 per cent. greater 
than the maximum pressure used. The 
larger sizes should be provided with man- 
holes. To prevent too great an accumula- 
tion of water and grease, the drains of 
the receiver should be opened frequently. 
Joun B. Sperry. 


Aurora, III. 
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A Problem in Power Transmission 


The accompanying sketch represents an 
end view of two countershafts connected, 
as shown, by means of two crank disks 
and a rod C. The countershaft A is belt- 
driven from the main shaft and runs at 
from 40 to 50 revolutions per minute, 
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gasolene engines were tried without avail, 
and it was finally decided that the engine 
needed more compression, which was 
given it by inserting an iron block, 1 inch 
thick, at each end of the connecting rod, 
between the end of the rod and the brass 
box (see sketch), thus lengthening the 
connecting rod 2 inches, which gave about 
33% per cent. more compression, with 








while B is supposed to drive a belt con- 
veyer. e 

The problem is to drive B by means of 
the rod C, without the use of gears, belt, 
friction, flywheel or counterbalance. Or, 
to state it another way, the transmission 
of power must be made through the two 
crank pins. 

J. A. CARRUTHERS. 
Bankhead, Alberta. 





Curing a Balky Gasolene Engine 





A short time ago the writer received a 
commission from a mining company to 
move a gasolene engine from an old 
working to a new shaft, and erect and 
belt it to an air compressor for supply- 
ing compressed air to rock drills. A 
machinist was sent to do the job, with in- 
structions to get everything in first-class 
order and see that the engine and com- 
pressor had at least five days’ work un- 
der full-load conditions before leaving 
them. 

Within a few days a communication 
was received from the machinist saying 
that the gasolene engine would not pull 
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CRANK CIRCLE, I2 INCHES IN DIAMETER; R.P.M., 40 TO 50 


the result that no more trouble was ex- 
perienced in getting the engine to carry 
its full load with ease. The 1-inch blocks 
were only put in as a temporary make- 
shift until a new piston could be made. 
J. A. SmitH. 
Monterey, Mex. 





Transformer Connections 


Concerning the transformer problem 
presented by R. S. Carroll, it makes no 
difference which way the connections are 
made. Since the motors are not in use 
when the lights are on, and vice versa, the 
unbalancing of the system, due to the load 
the lighting transformer, will 
affect the motors. Even if both were in 
use at the same time it would make no 


on not 


difference, assuming the motor load to 
balance as the lighting load unbalanced 
the system, regardless of the phase it 
might be on. 

Such an arrangement for lights is bad, 
especially if many lights are to be sup- 
plied, as the unbalanced condition will 
cause uneven voltages across the phases. 


A two-phase system is much better 
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the load, and he could not get more than 
30 pounds pressure in the air receiver be- 
fore the engine began to slow down and 
finally stop, when the pressure reached 
4o pounds; it would work all right when 
running light, but could not be made to 
carry the load, and it was impossible to 
get an explosion oftener than once in 
every four revolutions. 

All of the usual remedies 


for balky 


BLOCKS WERE INSERTED IN 















CONNECTING ROD 


where both lights and power are to be 
supplied, as a reasonable unbalancing of 
the two phases does not make so much 
difference as in the three-phase system 

Where lights are supplied from a thre: 
phase system, part of the light load shoul: 
be on each phase, keeping the system «s 
nearly balanced as possible. 

C. L. GREER 
Handley, Tex. 
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Cutting Close Nipples 


The accompanying illustration shows 
the way I make close nipples. By leav- 
ing out the thimble C the die stock 4 will 
fit over the coupling B, thus threading a 
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close nipple, the nipple being screwed into 
the coupling to meet the pipe E at D. 
T. A. KNowLrton. 
Conway, N. H. 





Drainage of Steam Piping 


From time to time there have appeared 
communications relating to the erection 
and drainage of high-pressure steam pip- 
ing. I have, however, never seen this 
subject fully and adequately treated, 
although I have long looked for such an 
article. What brings this to my atten- 
tion now is the letter by T. J. Bloss in the 
issue of February 9. 

Mr. Bloss is undoubtedly correct in 
stating that steam piping should drain in 
the direction of the flow of steam, and 
that the steam should enter the engine 
through a steam separator of ample pro- 
portions from which the water of con- 
densation is led away through a trap. A 
good separator is a valuable addition to 
the steam line under these conditions, but 
like every other piece of apparatus, it has 
its limitations. 

I have in mind a 75-horsepower Cor- 
ss engine belted from the flywheel to 
1 electric generator. The flywheel is 
r too light for the service that is ex- 
‘cted of the engine, and consequently 

regulation is very poor. The steam 

e is 200 feet long, or more, but is well 
lanned and erected with 114- or 2-inch 
ip pipes tapped in at intervals, and the 
iter thus removed from the main 
ader is taken off through a trap. Just 

ve the throttle is a large separator of 
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undisputed excellence. Apparently very 
adequate means of preventing water in 
the cylinder have been employed, but in 
several instances water has passed all of 
these safeguards in such quantities that 
the engine was stalled. The lightness of 
the flywheel is, undoubtedly, all that 


TO CUT CLOSE NIPPLES 


saved the engine from being wrecked on 
these occasions and no effect more seri- 
ous than forcing the engine out of aline- 
ment was apparent. 

I have often wondered whether small 
pipes tapped into the bottom of a main 
steam line, as explained, were really of 
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A PISTON M 


A cur- 
rent of steam will not only carry a stream 
of water over a wide opening in the bot- 
tom of the pipe, but it will carry con- 
siderable water with it up a long vertical 
pipe as well. It is reasonable to suppose 
that, under some conditions at least, the 


much service as water removers. 
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drip pipe may, become a more or less 
perfect condenser, thus supplying con- 


siderable water for the trap to remove, 
and making the engineer in charge think 
that his drainage system was doing ex- 
cellent work, when, in fact, little or none 
of the water came from the steam header. 
Meyer, in his “Steam Power Plants,” 
suggests that the steam main be made 
large enough for the velocity of steam 
flow to be low, to permit this system of 
drainage to be used, but the first cost 
would have been too high in the present 
case, so the question remains, what is the 
best and surest way to get the water out 
of this main? 
C. H. Breacu. 
Syracuse, N. Y. 





A Piston Made of Junk 


The steam piston head of one of our 
small pumps became broken in two; the 
rod was badly bent. We had no casting 
for the piston and, therefore, set about to 
devise some means of making a temporary 


repair. There were found on the scrap 
pile, however, the following materials, 
from which the piston was built up: 


Two disks, each 1x6% wmches, and a piece 
of an old cast-iron bushing 1544x6% inches. 
First the bushing was chucked and bored 
for a 4-inch pipe thread, next the disks 
were turned down as per sketch, leaving 
a flange, and both were screwed up tight. 
Then the whole was chucked and _ the 
taper hole bored to take the piston rod. 
The rod was then turned and fitted to the 
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Section of Finished Head 
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ADE OF JUNK 


taper hole and the head was trued and 
grooves cut for the rings. 

This piston has run for a number of 
weeks without trouble, although it runs 
twenty-two hours out of the twenty-four. 

J. H. Hou.tpsworrtu. 

Toronto, Ont. 





Armature Clearance 





In all plants, large or small, measuring 
the armature clearance of the dynamos 
and motors once every month will pre- 
vent a great deal of future trouble. A 
very convenient method is to turn out on 
a lathe a set of steel rods of % inch to 
3% inch diameter and make smaller sizes 
of drawn wire from 1/64 inch up to % 
inch; a little brass tag should be secured 
to the end of each, and the diameter of 
the rod stamped on the tag. These steel 
rods are to be used in watching the clear- 
ance, by passing them between the armature 
and face of each field-magnet pole, keep- 
ing a record of the largest size that passes 
freely each time. It will be found ad- 
visable to test the clearance also after a 
machine has run on a hot bearing for 
any length of time. 

Motors are operated with smaller 
clearances than generators, as a rule, be- 
cause of the difference in size, the small- 
est generator used in any ordinary. plant 
being considerably larger than the largest 
motor in the plant. 

Matcotm C. SAEGER. 

New York City. 





Device for Removing Well Pipe 


Sometimes when taking out or putting 
in pipe for an artesian or other small-bore 
well the pipe slips and falls to the bot- 
tom of the bore. This occasions great 
delay and a new well may have to be dug. 
By using the device herewith described, 
pipe can easily be pulled out. Take a 
piece of pipe the size of the piece in the 
well, and cut off a piece about twice as 
long as its diameter. That is, for a 
6-inch pipe use a piece 12 inches long. Cut 
this piece into halves lengthwise and then 
halve one of the halves lengthwise, mak- 
ing two quarters, as shown in the sketch 
at A. Turn in the lower ends, as at B. 
Take two pieces of angle iron, of suitable 
size, about two-thirds the length of the 
pieces of pipe and rivet one piece to the 
inside of each quarter, in the positions 
shown at CC. Drill two holes in the 
upright of each angle iron for bolts to 
go through to hold the links. Drill the 
holes in the piece D, making the upper one 
one-fifth the length of the piece from its 
upper end and the lower hole three-fifths 
the length of the piece from the upper end. 

In the angle iron E make the upper hole 
two-fifths the length of the piece from its 
upper end and the lower hole four-fifths 
the length of the piece from its upper end. 
Then make the two links of such length that 
when they are held straight across at right 
angles from the angle iron D to the angle 


iron FE they will hold the two pieces of 
pipe apart to the original diameter. 
Forge the ends of these pieces to the 
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shape shown and drill a hole in each end 
the same size as those drilled in up- 
rights ef the angle irons, ahd at such a 
distance from the ends that when the 
bolts are passed through them and 
through the holes in the angle irons the 
pieces will not be prevented from coming 
to position. 

After these holes are drilled the links 
can be bolted to the angle irons with ma- 
chine bolts, the bolts being loose enough 
to allow the pieces to swing upward 
easily. A piece of square iron’ F, of 
suitable size, is then obtained and one end 
flattened and riveted to the upper end of 
the quarter G. Then it is bent in and up 
as shown. To the upper end a rod or 


rape can be fastened. If these instruc- 
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FIG. I 


tions have been followed the device will 
look like the sectional view. When it is 
held up by F, gripping a pipe, the outside 
will look like H. 

Secure a rod or rope to the upper end 
of F, and lower the device into the well 
in which the pipe is. When it touches the 
pipe the piece J will swing in toward E, 
and allow the device to slip into the pipe. 
When an attempt is made to pull the de- 
vice out of the pipe it will cause the side 
FE. to slide up in the pipe, while the side J 
remains stationary, thus causing the links 
to approach a position at right angles to 
the angle irons, consequently spreading 
the two sides of the device and gripping 
the side of the pipe to be raised. By 
continuing to pull up on the rope or rod 
the pipe can soon be raised to the surface. 

F. E. Fick. 
Md. 


Govans, 
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Receiver Pressure 





The relation between cylinder ratio and 
point of cutoff, in the low-pressure cylin- 
der, and consequently the receiver pres- 
sure, are not well understood by many 
engineers. It is self-evident that if the 
cutoff in the low-pressure cylinder corre- 
sponds to the cylinder ratio, the receiver 
pressure at all times will be at the point of 
efficiency; that is, the receiver pressure 
will follow the high-pressure terminal, 
giving as nearly perfect expansion as it is 
possible to secure in a reciprocating en- 
gine, the low-pressure cylinder taking 
steam at approximate pressure and tem- 
perature corresponding to the high-pres- 
sure terminal. 

To make this clear, we will assume a 
case with a cylinder ratio of 1 to 4. It is 
perfectly clear that one cylinderful of 
steam from the high-pressure cylinder 
will fill the low-pressure cylinder one- 
quarter full, neglecting the influence of 
the clearance at the same pressure, - and 
the loss due to condensation and without 
reheat in the receiver. 

With engines where the low-pressure 
cutoff is controlled by the governor, it is 
not possible to secure a cutoff that will 
correspond to the cylinder ratios for all 
loads. In the low-pressure cutoff 
should be so adjusted as to give a cutoff 
corresponding to the cylinder ratio for 
the average load. 


such, 


If the cutoff in the low-pressure cylin 
der of a compound engine with a ratio of 
1 to 4 takes place before one-quarter 
stroke, it will cause a negative load cn 
the high-pressure diagram, the size of the 
load being in proportion to the shortness 
of the low-pressure cutoff; that is, the 
shorter the cutoff the larger the load. 
Also, if cutoff takes place later than one- 
quarter stroke, it will cause a drop in 
pressure between the high-pressure ter- 
minal and the receiver, the amount of the 
drop being proportioned to the length of 
the cutoff, i.e., the longer the cutoff the 
greater the drop. 

This drop represents a loss due to free 
expansion, all of which goes to show, | 
believe, that there is just one proper joint 
of cutoff in the low-pressure cylinder for 
maximum efficiency, as explained above. 
A further conclusion would be that the 
cutoff on the low-pressure cylinder should 
be hand-controlled for the best results. 

It is understood that with a low-pres- 
sure cutoff set corresponding to the cylin- 
der ratios the greater the load the larger 
proportion of load carried by the low- 
pressure cylinder and, in event of an over- 
looked engine, it might be necessary to 
lengthen the cutoff on the low-pressure 
cylinder in order to distribute the load 
between the cylinders, and also to prevent 
injury to the low-pressure cylinder by 
reason of excess pressure. 

The point at which it would be neces- 
sary to lengthen cutoff would be when the 
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receiver pressure reached the highest 
allowable point consistent with safety. 

It is not possible to say what should be 
the highest’ allowable receiver pressure, 
as that would be owing to the design of 
the cylinder and receiver and engine as a 
whole; but as a general thing, builders 
place relief valves on receivers set for 
what, I suppose, they calculate is the safe 
* maximum pressure, and engineers, by ad- 
justing the cutoff so as to keep just under 
pressure for which the relief valves are 
set, may feel perfectly safe. 

F. J. De Wirt. 
Auburn, N. Y. 


Packing Chart 








The accompanying style sheet for pack- 


ing may be modified to suit different 
STYLE SHEET 

a = Diameter of Rod 

b = Diameter of Box 

c = Size of Packing 

d = Depth of Box 
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can be profitably used for a simple en- 
gine, and while increasing the steam pres- 
sure will give greater power, there is no 
gain in economy by raising the steam 
pressure beyond a very moderate limit, 
unless the expansion can also be increased 
at the same time. 

This leads at once to the compound 
and multiple-expansion engines, as they 
have proved to be the best means for in- 
creasing the expansion of steam and at 
the same time avoiding excessive cylin- 
der condensation. It should be borne in 
mind, however, that compounding is not 
always advisable, and it is necessary to 
determine the conditions under which it 
should be resorted to and the gain in 
economy to be expected. In the first 
place it is obviously unfair to compare a 
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plants or departments. 
any explanation. 


It hardly requires 


Greorce T. Munpay. 
Waxahachie, Tex. 





Compound Engines 


Having noticed a great difference of 
opinion in regard to the economy and 
the amount of power obtainable from 
compound engines, as compared with 
simple engines, the following discussion 
may be of some interest. 

It is a fact, determined by tests and ex- 
periments, that the best economy in an 
engine is obtained by a moderately short 
cutoff, so restricted that it shall not come 
earlier than one-third stroke. This is 
due to the fact that the condensation of 
steam and the amount of heat absorbed 
by the walls of the cylinder during ad- 
mission, increase as the cutoff is length- 
ened, and as this water of condensation 
is revaporized during the exhaust, the 
heat is removed from the walls and must 
he again supplied by the incoming steam 
at the next admission. This action of the 
linder walls is thus seen to place a 
lit on the number of expansions that 
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running under the same steam pressure, 
for the primary object of compounding is 
to use high pressures and a large num- 
ber of expansions. The only true com- 
parison would seem to be between two 
engines each of which is working under 
its best conditions of operation. 
Experience seems to indicate that for 


simple condensing engines 80 pounds 
steam pressure is about the maximum 


point for best economy, while compound 
engines may profitably employ from 130 
to 140 pounds. With a steady full load 
the latter engines will show from 20 to 
30 per cent. better economy than the for- 
mer, but it must not be forgotten that 
when running under a reduced load a com- 
pound engine will generally suffer more 
loss of economy than a simple engine. 
This is evident when we consider that as 
the power of a compound engine is re- 
duced by shortening the cutoff on the 
high-pressure cylinder, the load is in gen- 
eral thrown more and more onto that 
cylinder, this being universally true if the 
cutoff on the low-pressure side is fixed. 
At light loads the low-pressure cylinder 
may even act as a drag; the high-pres- 
sure cylinder performing all of the work, 
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and being subjected to the greater tem- 
perature fluctuations which the engine 
was designed to eliminate. 

Under maximum load and with the 
cutoff at the point determined by the 
ratio of the cylinders, a compound en- 
gine will show a good gain in economy 
over a simple engine of the same power, 
and has the additional advantages of a 
more even distribution of work on the 
crank shaft and smaller stresses on the 
pins. 

However, the actual power developed 
by a compound engine is the same as that 
of a simple engine which has a cylinder 
the same size as the low-pressure cylin- 
der of the compound engine, and which 
takes at each stroke the same volume of 
steam as the high-pressure cylinder and 
at the same pressure. 


H. L. Dean. 


Hyde Park, Mass. 





Cleaning Water Tube Boilers 


I am pleased to note that during the 
past year some space has been devoted to 
the subject of cleaning water-tube boilers. 
Many a boiler has been entirely ruined by 
neglect of cleaning, although I appreciate 
that many forms of water-tube boiler are 
so inaccessible as to require considerable 
time for cleaning, which has caused them 
to be neglected. The types which cannot 
be quickly cleaned necessitate the invest- 
ment of considerable money in extra idle 
boilers, which are not even earning the 
interest on the money invested in them, 
because they are in operation but a few 
days at a time. 

I have charge of four 400-horsepower 
water-tube boilers and run three of them 
continually every day in the year for 
twenty-four hours per day to carry our 
load, and most of the time the four boil- 
ers are required. Therefore, only one 
boiler can be cut out for cleaning at a 
time, and it must be cleaned when the load 
will permit, and sometimes it must be 
closed quickly and promptly cut into ser- 
vice again. 

Our water is quite bad, carrying several 
grains of impurities per gallon, and I 
clean each boiler after fourteen days’ run- 
ning. We can clean one boiler in one 
day, thus cutting out each boiler twenty- 
six days each year. 

My plan for cleaning is as follows: At 
8 p.m., after the peak load has dropped off, 
I cut out the boiler I wish to clean, draw 
the fires and blow the soot from the tubes. 
The boiler and setting is then allowed to 
cool down, the draft doors being opened 
slightly to allow a little air to flow over 
heating surface. After the boiler ' has 
stood two or three hours the steam pres- 
sure is allowed to escape through a valve 
and pipe suitably arranged for the pur- 
pose. As soon as the pressure gets to zero, 
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the manhead in the steam drum is taken 
out. At about 4 a.m. the night engineer 
has a hose placed with its nozzle just in- 
side the manhole, and starts feeding cold 
water into the steam drum, and at the 
same time opens the blowoff cock slightly 
so that the water will flow from the boiler 
at the same rate at which it is entering. 
This plan gradually cools the water in the 
boiler, rapidly draws the heat from the 
brickwork and safely hurries cooling. 
When the boiler is drained it is ready for 
internal inspection and cleaning, the fur- 
nace, ashpit and combustion chamber be- 
ing cleaned while the boiler is draining. 

Before starting internal cleaning I send 
a man into the mud drum with an incan- 
descent lamp on an extension cord. He 
holds this light at every tube and I, from 
inside the steam drum, examine the 
condition of every tube and direct the 
passing of the turbine through them, if 
need be. 

Scraping and washing complete, I again 
inspect the tubes and if satisfactory, the 
two manheads are put in, and the blowoff 
cock is taken apart and examined for 
signs of leaks or cutting. If in order, it 
is put back, packed and adjusted with the 
set screw until freely working and then 
locked with a jam nut. If it is leaking it 
is ground and made tight, after which it is 
put back and adjusted as described. 

The total time required in following out 
my plan of cleaning this boiler is, using 
two men, 7 hours and 15 minutes. There- 
fore, starting to clean at 7 a.m., the boiler 
is being filled with water again at 3:15 
p.m. The filling of the boiler requires 
approximately % hour, and as soon as 
water appears in the glass a fire is kin- 
dled and fired slowly for 1% hours, and 
the pressure brought up to the working 
pressure. The boiler is then cut into the 
header at 5 p.m., just in time to help with 
the peak load. At 8 p.m. the next boiler 
in turn is cut out and cleaned, so that all 
four boilers can be cleaned in four days’ 
time, if necessary. 

F. P. OHMER. 


South Bend, Ind. 





Results of a Pump Test 


As there has been considerable con- 
troversy about the power required to 
operate a centrifugal pump with the dis- 
charge valve closed or partly so, I sub- 
mit the following data of a test made 
with a No. 6 centrifugal pump, driven by 
a 35-horsepower induction motor: 


Conditions. Power}Required. 
Valve closed . 12.6 kilowatts per hour. 
Valve quarter open.... 15.0 kilowatts per hour. 
Valve half open 16.4 kilowatts per hour. 
Valve wide open....... 16.6 kilowatts per hour. 


All other conditions 
throughout the test. 


were the same 


W. N. GULICK. 
Tustin, Cal. 
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Valve Stem Broke 


The man in charge of a large cross- 
compound engine noticed that the high- 
pressure cylinder was not developing its 
share of power. He removed the valve 
and fourd the stem broken close to the 
valve. The engine ran as it did because 
there was a piece broken out of the valve 
and stéam was blowing through the hole, 
thus supplying some steam for that end 
of the cylinder. 

J. M. SEwe Lt. 

Hyde Park, Mass. 





Reducing Fuel Expenses 


Some time ago an engineer took charge 
of a certain plant which was in bad shape. 
It had been permitted to run down to 
such a degree that the fuel expenses were 
exorbitant. In an attempt to reduce the 
amount of coal used, the first things the 
engineer tackled were the valves located 
on top of the boilers. These valves had 
been allowed to run so long without 
packing that the stems were badly grooved 
and it almost impossible to make 
them tight with new packing. As new 
valve stems could not be readily obtained, 
it was decided to pack the old stuffing 
boxes, as the valves were seldom used. In 
doing the work the valves were left wide 
open and some heavy lead washers were 
driven into the stuffing boxes and were 
calked around the fluted stems. The re- 
mainder of the box was filled with a. good 
fibrous packing. 

As the safety valves leaked badly, they 
were ground in and properly adjusted. 
It was then decided to clean the tubes, 
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FIG. I, REPACKING VALVE 


and at the first opportunity it was found 
that it was impossible to force a flue 
brush through any of the tubes. A length 
of steam pipe having the largest possible 
diameter that would enter the 
tubes secured and_ forced 
through each tube by means of a sledge 
hammer. The flue brush was then used, 
and after steam was raised, it no longer 
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required the forced-draft fan to hold the 
steam af the required pressure. 

Upon investigation, the feed - water 
heater appeared as though it had never 
been blown or opened up for cleaning 
since it was erected. The amount of scale 
taken from the heater filled more than 
three ash cans. During the cleaning of 
the heater the fire linings of the furnaces 
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FIG. 2. INSTALLING BLOWOFF VALVE 


were put in good shape, and next day 
when the plant was running the fireman 
was jubilant, and naturally so, as his work 
had been greatly reduced. 

Next in order to receive attention was 
the blowoff valve. The asbestos-packed 
cock at C, Fig. 2, received a new lining, 
and an auxiliary blowoff valve was con 
nected in the line at V, the improvement 
being that valve V could always be re- 
paired without shutting down or interfer- 
ing with the regular operation of the 
plant. 

The engineer noticed that the fireman 
had to run the boiler-feed pump very fast 
in order to keep the water at the proper 
level. The pump was opened for inspec- 
tion and found to need packing 
around the water plungers and a few dis- 
charge valves. The packing and valves 
were promptly inserted, and when the 
pump was started, it was found that about 
one-quarter of the original speed was 
sufficient. All leaking flanges received 
new gaskets, and the pipe covering was 
either repaired or renewed wherever it 
was found necessary. 

The next thing to receive attention was 
the engine. It being found that steam 
blew past the packing rings rather freely, 
it was decided to expand them and insure 
a steam-tight piston. When the rings 
were adjusted with the piston at the end 
of the cylinder, great difficulty was ex- 
perienced in trying to get the piston to 
pass the center of the cylinder. Hence, 
the engineer lessened the labor by ex- 
panding the packing rings to fit the small 
est part of the cylinder. After the rings 
were adjusted and the piston tested for 
tightness, the cylinder was closed and the 
engine started regular work. 
The application of the indicator showed 
the valves needed adjustment, which was 
promptly made. 

An account was kept of the amount of 
coal burned after these repairs were made, 
and when compared with the amount 
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of coal burned previous to the repairs 
and the horsepower developed in both 
cases, the amount of coal saved was nearly 
30 per cent. s 
WILLIAM 
New York City. 


KAVANAGH. 





Interesting Indicator Diagrams 


The two sets of diagrams herewith 
were taken from the same engine under 
the same conditions of working, but with 
«lifferent valve setting. The engine was 


Steam 13) Lbs, per Sq.In. 
H.P. Cylinder 
R.P.M. 75 
Diam. 33" 
Stroke 27" 
Spring 72 
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L.P. Cylinder 33” “"s 
Stroke 27" 
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Spring 12 
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FIG. 4 


a 250-horsepower, and was supposed to 
tun condensing. 
(he first set was taken from the en- 
gine as it had been running for two 
The setting had been done by one 
of the graduates of a continental poly- 
technic, and represented ‘three weeks 
work for a man who had done well in 
his term. On taking over the works the 
Writer was convinced that the engine 
Was not running evenly, and considerable 
heat was being developed and running up 
the oil bill. 


years, 
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After indicating, the trouble was shown 
by diagrams Nos. 1 and 2. There were 
several men interested in the running of 
the engine, and in spite of the diagrams 
they were as convinced as ever that the 
result was all that could be desired. The 
condenser was not in use, and the weight 
of opinion was that it not worth 
while, although there was a lake of some 
miles in area at the engine-room door. It 
was thought that the pumping of the 
water would more than balance the gain, 
so the engine ran noncondensing on a 
condensing valve setting. 

The condenser was dug cut and in 
three weeks was ready for a trial run, and 
the result of this is shown in Figs. 3 
and 4. The pressure at the boiler house 
was 140 pounds steam superheated to 250 
degrees Fahrenheit. 


was 


F. L. Berry. 


Shefiield, England. 





Wants Hydraulic Information - 


We have a stream of water delivering 
360 inches under a 12-inch pressure. By 
going 500 feet from the estimated loca- 
tion of the plant a fall of 140 feet can be 
obtained. What size and grade of pipe, 
and what class and size of wheel would be 
most applicable, and how many 16-can- 
dlepower lamps can be carried? 

WitiiAM E. PIper. 

Stine, Nev. 





Foot Valves and‘Suction Pipe 
Repairs 





My. first experience was with pumping 
out ditches for laying sewer pipe. The 
ditches -were narrow and the strainers 
gave considerable trouble, as_ splinters, 
etc., would close up the holes and stop 
the flow of water. To remedy this, I 
made a drum of 3/16-inch iron, about 13 
inches ‘in diameter by 10 inches long, .and 
drilled the circumference full of %-inch 
holes. The bottom, however, was. not 
drilled. This was attached to the top of 
the old foot valve, as shown in Fig. 1, 
and was a success as a strainer, as it 
would rest on the bottom of the ditch and 
sink no deeper, and the sand could not 
get through the bottom. 

Another experience was with a salt- 
water pump used to fill a tank for flush- 
ing purposes. A cast-iron strainer on a 
3-inch suction pipe was originally used 
but, due to corrosion, barnacles, oysters 
and seaweed, it was “down and 
out.” As the Kft was not very great, the 
foot valve was discarded and a_ brass 
strainer made from a piece of %-inch 
sheet brass, bent to form a cylinder 14 
inches in diameter and drilled with %%- 
inch holes, as shown in Fig. 2. 

The suction pipe of a pump began to 
leak at an underground joint which had 


soon 
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pulled apart and was repaired as shown 
in Fig. 3. Two half rings were cut out 
of 1-inch boards, about 10 inches outside 
diameter, the inside hole being cut to fit 
the pipe. Over these rings tin was nailed, 
making a half cylinder about 16 inches 
long. Then an open box without a bot- 
tom or top was made to fit on top of the 
cylinder. A piece of thin tin was wrapped 
around the pipe and wired in place. The 
half cylinder was worked under the pipe 
and all the sand cleaned out. The box 
was put on top and the whole filled with 
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the sand from getting in and as there is 
no pressure on the pipe it gives satis- 
factory results. I think, however, it 
would have been better to have wrapped 
the pipe with cloth first, instead of tin. 
The discharge pipe on our salt-water 
system began to leak. To cut out the 
piece, cut threads with a ratchet stock and 
put in a new piece would have been the 
proper way to do, but the pipe was badly 


We 


corroded and too thin to cut threads. 
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FIG. 4 
therefore adopted the following plan: 


We uncovered the pipe and, with a pipe 
cutter, cut it at the leak. Then a piece 
of 3-inch pipe, about 10 inches long, was 
slipped over, care being used to have the 
cut in the Oakum was then 
pushed in around the cut ends of the pipe, 


center. 


lead poured in and the pipe calked from 
both ends of the sleeve, as 
Fig. 4. 


shown in 


JoserpH R. Haw. 
Hampton, Va. 
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Vandergrift Low-Pressure Turbine Plant 


A Rateau Regenerator, and a Rateau-Smoot 600-Kilowatt Direct-cur- 
rent 250-Volt Turbo-generator Set Said to be the First of Its Type Here 





The Ball & Wood Company, of Eliza- 
bethport, N. J., recently built a low-pres- 
sure turbo-generator outfit which is in 
successful operation at the Vandergrift 
plant of the American Sheet and Tin 
Plate Company, Vandergrift, Penn. The 
outfit consists of a Rateau steam re- 
generator, a Rateau-Smoot low-pressure 
turbine and a Smoot generator. It utilizes 
the exhaust steam from reversible bloom- 
ing-mill engines, which work intermit- 
tently and at widely varying loads, thus 
having a supply constantly differing in 
volume. In order to overcome this varia- 


passed through it in pipes arranged for 
the purpose. Two results are obtained 
from this circulation, a practically uni- 
form temperature throughout the water 
and as thorough an exchange of heat as 
possible between the steam and the water. 
The temperature of the water is thus made 
to correspond to the pressure of the steam 
in the pipes, so that when the steam pres- 
sure falls, owing to the closing down of 
the engines, the water liberates part of 
its heat in the form of steam, and when 
there is an excess of steam the tempera- 
ture of the water is raised accordingly. 





FIG, I. 


tion and to supply the turbine with a 
steady flow of steam the regenerator was 
installed. The Rateau Steam Regenerator 
Company, of New York City, received the 
contract for this plant, and the turbine 
was built in the Ball & Wood Company’s 
shops. 


THE REGENERATOR 


The regenerator in this instance is a 
cylinder 40 feet long by 8 feet in diameter 
and contains about 45 tons of water. This 
water is kept in constant circulation by 
the steam from the mill engine, which is 


The Vandergrift regenerator is of such 
size that the mill engines may be com- 
pletely shut down for periods of two min- 
utes and during this time the regenerator 
will supply steam to the turbine at the 
rate of 25,000 pounds per hour. A 24- 
inch relief valve is set for 3 pounds above 
atmospheric pressure, so that the pres- 
sure of the steam in the regenerator is 
constantly maintained between 14.7 pounds 
and 17.7 pounds, absolute, and the back 
pressure of the engine never exceeds 3 
pounds. 

If the mill engines are shut down for 


periods longer than two minutes; or if the 
exhaust steam is insufficient for the tur- 
bine, a connection between the regenera- 
tor and the boilers is automatically opened, 
admitting live steam for the continued 
operation of the turbine. The action of 
the live steam, which enters the regenera- 
tor through a pressure-controlled reduc 
ing valve, is exactly similar to that of the 
exhaust steam, an equilibrium between the 
pressure of the steam and the tempera- 
ture of the water being maintained which 
gives a very exact control over the 
amount of steam admitted and absolutely 





SIDE VIEW OF LOW-PRESSURE TURBO-GENERATOR INSTALLATION AT VANDERGRIFT, PENN. 


prevents the steam escaping to the atmos- 
phere. 

It will be seen from the foregoing that 
just as the flywheel of an engine is for the 
storage of energy so the water in the re 
generator may be termed a flywheel for 
the storage of heat, taking this heat from 
the steam when the latter is in 
and giving it up when the steam supp!) 
diminishes or ceases. 


excess, 


THE LOW-PRESSURE TURBINE 


The Vandergrift low-pressure turbine 
of 600 kilowatts capacity, operating 
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FIG. 2. 


1300 revolutions per minute. It is of the 
inpulse type originated by Professor 
Rateau, but the installation under discus- 
sion was redesigned by C. H. Smoot, of 
the Rateau Steam Regenerator Company, 

meet the requirements of standard 
American shop practice. The turbine re- 
ccives the steam from the regenerator and 
makes use of it between the limits of the 
pressure of the atmosphere and the vac- 





FIG. 3. VERTICAL SECTION 





uum obtained from a condenser, the en- 
tire expansion of the steam taking place in 
the fixed diaphragms. 

Due to this fact that there is no expan- 
sion of the steam in the moving vanes of 
the turbine, there is no difference of pres- 
sure between the inlet and outlet sides 
of each rotor, and consequently there is 
no tendency for the steam to leak past 
the tips of the blades. On this account the 
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THROUGH THE TURBINE 
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clearances in this turbine are extremely 
large, running up to ten times the amount 
possible in a turbine of the type where 
the expansion takes place in the rotors, 
and giving absolute immunity from blade 
stripping. 

The rotating element has an extremely 
high factor of safety, such in fact that the 
turbine can be operated at speeds greatly 
in excess of its rated speed without caus- 
ing any strains in the different parts which 
will exceed the elastic limits of the ma- 
terials used. 

The turbine governor controls the steam 
admission directly through a positive con- 
nection between the flyballs and the steam 
valve. It is located on an extension of 
the main shaft with its thrust opposed to 
the steam thrust and about twice as great. 
As will be seen from Fig. 4, the flyballs 
work on knife edges against a spring and 
are positively connected to the throttle 
The regulation is controlled from 
the outside by means of springs mounted 
on a frame and connected to the governor 
links. These springs are so arranged that 


valve. 


they may be adjusted while the turbine 
is running, which fact enables the engi- 
neer to alter the speed of the unit with- 
out interfering with its continuous opera- 
tion. The speed variation is less than 1 
per cent. between no load and full load. 

The turbine has six rotors, each 5 feet 
in diameter and each preceded by a fixed 
diaphragm. Buckets are attached to the 
rotors and guide vanes or directrices, 
which properly control the steam, are 
mounted on the diaphragms. Fig. 3 is a 
vertical section through the turbine and 
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FIG. 4. 


shows the general construction, while 
Fig. 5 shows a section through the throt- 
tle valve. 

The turbine is connected to the genera- 
tor by a coupling which consists of two 
hubs mounted one on each shaft. The 
torsional movement is transmitted by 
means of pins so used as to permit smooth 
operation even though the shafts should 
become materially out of line. 


THE GENERATOR 


The generator is a 600-kilowatt machine 
running at 1500 revolutions per minute, 
and delivers continuous current at 250 
volts. It is of the open-frame type with 
no forced-air circulation, but the design 
is such that the temperature rise above 
the surrounding atmosphere is extremely 
low. The machine has four poles and 
four intermediary poles. The commu- 
tator in two sections, held together 
against centrifugal force by nickel-steel 
retaining rings shrunk in place. No 
sparking whatever occurs at the brushes, 
and these do not have to be shifted for 
any load up to full load. The commuta- 
tion is first class and the fact that the 
commutator does not have to be lubricated 
-removes a serious objection to the use of 
direct-current dynamos in plants such as 
at Vandergrift, where the metallic dust 
in the air might settle on the oily surface 
and short-circuits which would 
seriously injure the machine. 

This generator is believed 


is 


cause 


to be the 
first of its size that runs at that speed to 
be built in this country, and great credit 
is due to Mr. Smoot for the successful 
design. In 1906 two 250-kilowatt 250-volt 
direct-current generators were installed in 
the plant of the International Harvester 
Company, at South Chicago,* both direct- 


*See Power for June, 1907. 
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connected to a 500-kilowatt low-pressure 
turbine operating at 1500 revolutions per 
minute. This was the first low-pressure 
turbine plant of the Rateau type installed 
in the United States and it has been in 
successful operation ever since. All three 
of these generators are from Mr. Smoot’s 
design. 


OPERATING CONDITIONS 


The mill engine at Vandergrift, when 
working under normal conditions, uses 
about 70,000 pounds of steam per hour, 
and the turbine when operating at 500 
kilowatts uses less than 40 pounds of 
steam per kilowatt-hour, or less than 
20,000 pounds of steam per hour. There 
is thus some 50,000 pounds of steam per 
hour still available for future low-pres- 
sure turbine installations, and this with 
practically no increase of operating ex- 
penses. 

The Rateau-Smoot turbo-generator unit 
is an extremely simple one to operate, and 
ordinarily the regular engine-room force 
required to run the reciprocating engines 
is fully able to take care of the turbine. 
When it is desired to place the unit in 
service, it is merely necessary for the 
engineer to start up the condensing ap- 
paratus, then open the throttle valve 
gradually, bringing the turbine slowly up 
to speed. He should, of course, first make 
sure that there is plenty of oil for the 
different wearing surfaces. 





Power Station Economies at 
Baltimore 





At the Franklin Institute, in Philadel- 
phia, Thursday evening, March 25, Hora- 
tio A. Foster, well known to the public as 
the author of Foster’s “Electrical Engi- 
neers’ Pocketbook,” delivered a lecture, 
illustrated with lantern slides, on the sub- 
ject of “Power Station Economies at 
Baltimore.” Mr. Foster sketched rapidly 
the situation of the United Railways Com- 
pany, of Baltimore, at the time of the fire, 
in 1905, which nearly destroyed its main 
generating station at Pratt street. This 
station contained about half of the gener- 
ating capacity of the system, the other 
half being scattered about the city in eight 
smaller plants which were mainly run 
noncondensing. He told of the studies 
which led to the dismantling of all but 
three of these smaller plants, now held in 
reserve, the building of the three modern 
substations, the reinforced-concrete steam 
station built near the amusement park, not 
far from the bay shore, 14 miles from the 
city, and the rehabilitation of the partially 
burned Pratt street station. At present 
the Pratt street station contains three 
1800-kilowatt units, five 2000-kilowatt units 
and two 5000-kilowatt units, all driven by 
McIntosh & Seymouf engines, and one 
5000-kilowatt Curtis turbine, a total of 
30,400 kilowatts of rated capacity. 
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In 1905 the Pratt street station carried 
50 per cent. of the load; in 1908 it carried 
95 per cent. In the meantime the yearly 
output had grown from 60,000,000 kilo- 
watt-hours to more than 100,000,000 kilo- 
watt-hours, and the coal consumption per 
kilowatt-hour had dropped from 4.25 
pounds in 1905 to 3.23 pounds in 1908. 

The lantern slides showed in a very 
marked way the difficulties to be sur- 
mounted in the reconstruction of even 
such a modern power house as this, and 
included the work on the foundations, to 
prevent vibration, which was rather severe 
in the old engine room, the cable ducts, 
manholes and switchboard, and numerous 
changes in location of the smaller en- 
gines. The new construction of dock 
wall was described but not shown. The 
reinforced-concrete work of the Bay 
Shore power plant was shown in detail. 

The entire work was done, for the 
United Railways Company, under the 
direction of Stillwell & Van Vleck, con- 
sulting engineers, with the author, Mr. 
Foster, in charge of the work at Balti- 
more. 





To Honor Charles T. Porter 





There will be a special meeting of the 
four national engineering societies, at the 
Engineering Societies building, 29 West 
Thirty-ninth street, New York, at 8:30 

.p.m., Tuesday, April 13, for the purpose 
of awarding the John Fritz medal for 
1909 to Charles T. Porter, for his work 
in advancing the knowledge of steam engi- 
neering and in improvements in engine 
construction. 

The presence is requested of members 
of all branches of the profession, and par- 
ticularly of those represented in the four 
national organizations of engineers par- 
ticipating in the creation of the medal 
fund. Besides the simple ritual of the 
presentation of the medal, in the presence 
of invited guests and distinguished repre- 
sentatives of engineering, there will be ad- 
dresses by representatives of the four 
groups of the profession most concerned, 
as follows: 

“The Debt of Modern Industrial Civili- 
zation to the Steam Engine as a Source 
‘of Power.” Dean W. F. M. Goss, of the 
University of Illinois. 

“The Debt of the Modern Steam Engine 
to Mr. Charles. T. Porter.” Prof. F. R. 
Hutton, of Columbia University. 

“The Debt of the Era of Steel to the 
High-Speed Steam Engine.” Robert W. 
Hunt, of Chicago. 

“The Debt of the Era of Electricity to 
the High-Speed Steam Engine.” Frank J. 
Sprague, of New York. 

The board of award will be gratified by 
a large and representative gathering to 
do honor to’the donor, to the recipient 
and to the great achievements which the 
John Fritz médal is intended to com- 
memorate. While evening dress is not 
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imperative, its use is encouraged and re- 
quested. Ladies are invited and cloak 
rooms.will be*provided for their use. 





Birmingham Won First Test 





At Newport, R. I., March 26, the scout 
cruiser “Birmingham” won first place in 
the 1000-mile endurance and coal-con- 
sumption test at 10 knots speed over her 
sister ships, the “Chester” and _ the 
“Salem.” 

The “Birmingham” is fitted with re- 
ciprocating engines, and according to offi- 
cial data the coal consumption for each 
hour was only 30 tons. 

The “Chester,” fitted with Parsons tur- 
bines, took second place, the consumption 
being 40 tons, while the “Salem,” with 
Curtis turbines, used 49 tons. 





No. 27's Housewarming 





John Ericsson Association No. 27, N. A. 
S. E., of Brooklyn, held a smoker and 
“housewarming” Friday evening, March 
26, to celebrate its removal to more 
spacious quarters in the Masonic Temple 
on Manhattan avenue. A large majority 
of the members and many friends at- 
tended. President W. T. Meinzer and 
John M. Lockwood, chairman of the ar- 
rangement committee, made the addresses 
of welcome. A _ pleasing entertainment 
was given by Frank Corbett, William 
Murray, Henry Elder, John Richards and 
John Armour. Frank Martin officiated 
as master of ceremonies. There were re- 
freshments of all kinds. The committee 
is to be congratulated. 





Progressive Council, U. C., 
Reception 





Progressive Council No. 12, Universal 
Craftsmen, Council of Engineers, of New- 
ark, N. J., held its annual reception and 
ladies’ night Friday evening, March 19. 
There was an enjoyable entertainment and 
an address by Brother Whitehead. A 
number of distinguished guests were pres- 
ent. Walter Prior was presented a past- 
chief jewel and Mrs. Prior a handsome 
bouquet of flowers. Refreshments were 
served. J. Gallow was the chairman of 
the committee. 





On Tuesday evening, March 23, H. J. 
Atticks spoke before the Modern Science 
Club, of Brooklyn, on the subject of 
“Steam Engine Governors.” He _ spent 
some time at the beginning in definitions 
of terms to be used in the discussion. He 
then went into the mathematics of the 
fiyball governor, both of the Watt and the 
weighted types. The subject was ex- 
haustively treated and was followed by 
an interesting discussion by members of 
the club. 
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POWER AND THE ENGINEER. 
The Manufacturer's Responsibility 





When a man buys an automobile the 
selling agent turns it over to him and is 
through. If the purchaser wants to get 
his money’s worth out of it in transporta- 
tion and pleasure he must learn to run it 
or hire a man who knows how; and if 
he punctures tires, strips transmission 
gears, cracks his water jacket, etc., he ex- 
pects to pay for replacements and repairs. 
Only when obvious imperfections in work- 
manship or material are responsible for 
the trouble can he expect the builder to 
see him out of his difficulty. But when a 
man buys an engine or a boiler, or a 
stoker, or a condenser, or a water-heating 
or purifying outfit, or even a little appli- 
ance like an injector or an indicator, he 
often appears to think that he has paid 
for all the benefits and advantages which 
it promised when he settles the bill, and 
that all he has to do is to turn on the 
steam and gather in the profits. One 
cannot become a _ mechanical engineer 
simply by buying an indicator. He must 
have the intelligence and the patience, and 
the skill to apply it so as to get correct 
and intelligible diagrams, and he must 
have the ingenuity and intelligence and 
knowledge of the subject necessary to 
interpret his diagrams after he has taken 
them. 

A man buys an engine and puts it so far 
away from the boiler that the steam is 
full of water and has lost twenty-five per 
cent. of its pressure; he exhausts it 
through a back-pressure valve and_ be- 
cause it does not come up to his require- 
ments, because the water washes the lubri- 
cant off and lets the cylinder cut, because 
a slug of water makes a wreck of it, he 
writes indignant letters and condemns 
the engine and its builder. A man buys 
a condenser and connects it up with a 
job of cheap pipe fitting, or runs a lot of 
leaky engines and pumps into it, and 
telegraphs the maker to “send man at 
once,” because he gets twenty inches of 
vacuum instead of ‘twenty-six or twenty- 
eight. A man buys a grease-extracting 
and water-softening system, and because 
he fails to take away the grease after it 
has been extracted, or because he uses too 
much or too little lime or soda, and gets 
priming or scale, he either condemns the 
system out of hand or expects the manu- 
facturer to keep an expensive man on the 
job for several weeks to demonstrate that 
the plant will do its work. 

There is a growing tendency on the part 
of manufacturers of steam machinery and 
apparatus to resent these impositions; to 
take the ground that they will furnish ap- 
paratus adapted to the conditions as they 
are represented and guarantee that ap- 
paratus to be free from defects of ma- 
terial and workmanship; that they will 
set it up and operate it for a time if de- 
sired, the price to include the expense 
thereof; that they will bring to bear upon 
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the execution of the order the results of 
their experience and special knowledge of 
the subject; but when they have provided 
the means the purchaser must work out 
his own salvation, and pay for the benefits 
which he receives in ordinary vigilance 
and intelligent use, as well as by his signa- 
ture on a check. 





Look for the Cause 





Oil salesmen are generally supposed to 
be slick artists in every sense of the word, 
and they usually live up to their reputa- 
tion. Rare instances crop out here and 
there, however, to indicate that, after all, 
they are human and not infallible in escap- 
ing every trap that may be set for them. 
The following is a true instance of how 
one was snared, and the pleasing feature 
was that it left no bad feeling on the part 
of engineer or salesman: 

The salesman in question was endeavor- 
ing to make a sale in a plant which was 
purchasing its iubricant from a rival. He 
was a good salesman and thoroughly un- 
derstood the art of how to present the 
merits of his own goods without de- 
nouncing those of his competitor, and for 
this reason his frequent visits were toler- 
ated with good grace. Finally he sug- 
gested, as a clincher to his statements re- 
garding the merits of his goods, that if 
there were a bearing around the plant 
that ran warm or hot, he would furnish 
a five-gallon sample, so the quality of his 
oil could be put to practical test. The 
engineer thought awhile, and then said 
that he had an excellent place for such a 
test, and took the salesman to the engine 
room, where he was requested to feel the 
bearing on a belt-driven dynamo. This 
bearing was always so warm that it 
could barely be touched. The engineer 
stated that this was a chronic case and he 
would certainly welcome any relief. 

The salesman extracted a thermometer 
from his grip and proceeded to take the 
temperature of the oil in the bearing, at 
the open end next to the commutator, and 
made a note of it in his little red book, 
for comparison with the temperature-to-be 
of a real lubricant. The next day, while 
the dynamo was idle, he came with his 
sample of oil, and to gain the respect of 
the engineer he insisted that he should 
prepare the bearing for his sample. He 
thoroughly cleaned out the old oil and 
went about the job as if he had obtained 
his diploma from “Professor Time” in 
the “School of Experience.” After finish- 
ing the job, he inquired the starting time 
and said he would return about two hours 
later, so as to give the bearing time to 
warm up. When he returned at the ap- 
pointed time, the temperature of the bear- 
ing was found not to vary more than a 
degree from the previous reading he had 
obtained with the old lubricant. The 
salesman was somewhat crestfallen, but 
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game, and requested that he be allowed 
to test another sample. The engineer told 
him to go as far as he liked, so the per- 
formance was repeated the following day, 
with the same result. 

Now, this oil man was no “quitter ;” he 
felt he was duty-bound to cool that bear- 
ing if it became necessary to try every 
grade of lubricant: his company made; so 
he brcught a fresh sample every day, first 
using the best grades and finally, in des- 
peration, trying the cheaper ones, but with 
practically unvarying results. When sam- 
ple cans began to get so thick in the en- 
gine room that walking was difficult, the 
engineer had a fatherly talk with the oil 
man. He said: 

“Young man, you evidently have great 
faith in your goods, and I am beginning 
to have faith in them on that account, but 
this trial has been going on long enough. 
I don’t want you to waste any more time 
or oil on that bearing. You could put 
different oils in that bearing from now 
until doomsday and never lower the tem- 
perature but very slightly. The lubrica- 
tion of the bearing with the oil you first 
found in it had practically nothing to do 
with its temperature. The heat in this 
bearing is transmitted to it from the 
armature through the shaft, and the only 
thing that produces a perceptible change 
in it is a variation in the load.” 

The salesman looked at the situation 
like a man, and insisted that all of the 
samples be accepted gratis, as “the experi- 
ence was worth the money.” 





What Is Trouble > 





Different persons have different ideas 
as to what constitutes trouble. To some 
it means an aggregation of petty annoy- 
ances; to others, it means the difficulties 
encountered when apparatus fails to oper- 
ate, or when an accident occurs; while to 
still others, whose characteristic is to take 
everything as it comes and make the best 
of it, there is no such thing as trouble. 

What is trouble to one is merely an inci- 
dent to another. For instance, an engi- 
neer, after putting in a somewhat lengthy 
suction pipe, had considerable trouble with 
air getting into the pump, which would 
eventually cause it to lose its water. This 
caused trouble galore—for him—but when 
another engineer assumed charge of the 
plant, he had a steam siphon, fitted with a 
check valve, tapped to the top side of the 
suction pipe, which allowed the air accu- 
mulation to be drawn out of the suction 
pipe before entering the pump, and stopped 
ill semblance of trouble for that engineer. 
“his would seem to show that what is fre- 

uently termed trouble is the result of 
‘norance as to what should be done to 

‘lieve or counteract certain conditions. 

It often happens that conditions are 

ich that the regular work of the plant 
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cannot be carried on without unnecessary 
manipulation of various devices, which 
work could be greatly simplified if the de- 
vices were in proper condition. This extra 
work, necessary to obtain a given result, 
is sometimes taken as a matter of course 
and not looked upon as trouble. To illus- 
trate: A certain engineer, when asked if 
he had any trouble with superheated steam 
with reference to valves, gaskets, etc., re- 
plied that he had not, although at the 
same time his men, in order to do some 
work on a leaky flange on the turbine 
steam line, after closing all the valves they 
could found it necessary to run the tur- 
bine on a vacuum in order to clear the 
pipe of steam which leaked past the 
valves. The leakage past the valves was 
due to distortion of the seats by super- 
heated steam, but the engineer did not 
think such a little thing as that of moment, 
or that work necessary to clear the pipe 
so the men could work was a matter of 
trouble. 
What is trouble, anyway? 





Robbing Peter 





“Robbing Peter to pay Paul” is an ex- 
pression that admirably fits a great many 
conditions that arise when so-called im- 
provements are made in a power plant on 
the word of the zealous salesman, who is 
chiefly concerned in having you register 
on the last page of a formidable contract. 

This does not mean that the salesman is 
not thoroughly honest, for reputable firms 
cannot afford to have any but reliable 
representatives. Salesmen are not always 
posted on the change in effect that may 
result in the performance of their appara- 
tus from the varying conditions met in 
each installation, which, although entirely 
external to the added equipment, may be 
vitally necessary to its satisfactory opera- 
tion. If the salesman is thoroughly ex- 
perienced he should not be expected to 
serve you gratis as a consulting engineer 
and, after spending his time investigating 
the conditions of your plant, tell you that 
if you wish to gain the maximum return 
for the limited amount of money you in- 
tend investing his apparatus should be 
omitted from the scheme. This, however, 
is frequently done. 

In this connection there comes to mind 
a plant where the limit to steaming capa- 
city was badly felt. The proprietors be- 
gan to discuss how the shortage was to be 
met, but it never occurred to them to call 
in a reliable engineer to advise them how 
they could best spend the amount of 
money available to accomplish the desired 
increase in the capacity of their boiler 
plant. While the owners were in this 
very receptive mood for the advent of the 
attachment salesman, one came along who 
represented a reliable firm which builds 
economizers. The salesman, after a gen- 
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eral preliminary warming up over what 
his apparatus could do for an over- 
burdened steam plant, took them over the 
Marathon route of high economies and 
flywheel effect to carry over the peak of 
the load. Now, this salesman was per- 
fectly honest, and every claim he made 
was justly his, with the apparatus in- 
stalled under proper conditions, and his 
argument was so convincing that an order 
was given at once, and the economizer in- 
stalled. After installation, which was ac- 
complished in a light-load season, every- 
thing ran smoothly and there was an ap- 
parent economy in the coal consumed, and 
if there had not been the engineer would 
have been satisfied after consulting his 
stack and feed-water temperatures. When 
the normal load was restored to the plant, 
strange to say the total output was ap- 
parently less than before the change in 
the equipment, but this was accounted for 
by the supposed increase in load due to 
some new machinery, for the low stack 
temperatures obtained convinced the own- 
ers that they had trapped every elusive 
B-t.u. that could be coaxed from coal to 
water. 

At this stage an experienced engineer, 
who was familiar with the equipment of 
the plant before the economizer was in- 
stalled, was called in to give information 
as to what was required to meet the de 
mands made upon the steam-generating 
apparatus. After casually looking over 
the improvements he went back to the 
office and, getting combustion well estab- 
lished on the right end of the proffered 
cigar, said: 

“T understand that your wish to in- 
crease the capacity of your plant was the 
reason for the changes you have made; 
if so, why did you cut the capacity down 
about twenty per cent. by installing an 
economizer ?” 

The senior member of the firm gripped 
the arms of his office chair, to make cer- 
tain that everything was real, and mentally 
running back through the flywheel effects 
and low stack temperature, finally man- 
aged to say: 

“What do you mean?” 

“Exactly what I have said. Your plant 
has always lacked draft capacity, and 
what has been most needed to increase 
its steaming capacity was ability to burn 
coal; and instead of your first investing 
in a stack of respectable size, you have 
diminished the capacity of your already 
oyerburdened one, with the result of re- 
ducing the capacity of your plant as I 
have stated. Your only salvation is ample 
stack capacity to care for your economizer 
and boilers, and then you will begin to 
realize on your economizer investment.” 

The owners were so astonished at the 
engineer’s statement that they proceeded 
to test the plant with and without the 
economizer in service, and found the fig- 
ures the engineer had guessed at were not 
far from the truth. 
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Some Useful Lessons of Limewater 


An Excursion into the Realm of Hydrogen, Made Exceptionally 
Interesting and Instructive by Means of Several Simple Experiments 





BY CHARLES 


In the last two parts we studied the 
making of oxygen, because oxygen is the 
active part of the air insofar as burning 
is concerned. But, more than that, oxygen 
is one of the great “oxidizers,” and as 
such it is contrasted with the opposite sort 
of chemical agents called “reducers.” The 
relation between the oxidizers and the re- 
ducers is a very broad and fundamental 
matter in chemical study. The oxidizers 
include not only oxygen and a great many 
of its compounds which give off oxygen 
under certain conditions, but also such 
things as chlorine, bromine and _ iodine. 
Later we will give a list of some of the 
more important oxidizers, and I will also 
show how there may be such a thing as 
“moist combustion;” that is, burning in 
solution without any flame, but with all 
the results of real burning or combustion. 

The reducers include such things. as 
hydrogen, and many other compounds 
which act like hydrogen, in being opposed 
to oxygen and the oxidizers in their action 
and results. That is why it is necessary 
about this time to study hydrogen, 
although it is not found “free” in the air 
as oxygen is. You will want to read these 
first paragraphs over several times to em- 
phasize in your mind the fact of the 
natural distinction between the “oxidizers” 
as a class and the “reducers” as a class; 
for theoretically any of the oxidizers can 
play proxy for each other in their opposi- 
tion to the reducers; and similarly any 
of the reducers can play proxy to each 
other in the similarity of their action and 
in their opposition to the oxidizers. 

An illustration of all this might be 
found in business accounting; thus, one 
might have all sorts of debts or debit ac- 
counts which would resemble each other 
insofar as they represent a balance of 
loss; and, on the other hand, one might 
have all sorts of credit accounts, repre- 
sented by coin, paper money, bank checks, 
credit’ on real or personal property, etc. 
Thus we might liken the oxidizers to the 
debit or debt account, all the debts of 
whatever character or amount being en- 
tered in the same column and being op- 
posed to the credit items of whatever 
character or amount, represented by the 
reducers. 

This metaphor (of likening the contrast 
between the oxidizers and the reducers, 
to the contrast between debit and credit) 
is no mere childish fancy, but refers to a 
very real condition in all chemical reac- 
tions; and Mother Nature never neglects 
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to keep a perfect account of the exact bal- 
ance between the oxidizers and the re- 
ducers. Indeed, this balancing of accounts 
in nature concerns not only the kind and 
weight of the material substances which 
act on each other, but it also concerns the 
balance account of the amounts of 
energy. This also you will want to read 
over several times; and you will want to 
impress on your attention the fact that 
when the various chemical reactions go 
on, nature is at the same time using these 
reactions with a severity and rigor, in ac- 
counting for every particle of matter and 
every unit of energy, and to a degree of 
perfection which are simply astonishing. 
All this means that we must lose no time 
in getting acquainted with a typical re- 
ducer, hydrogen. 
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that side of hydrogen later. Just now 
you want to make some hydrogen and 
study it, just as you made carbonic-acid 
gas and oxygen, because if you have made 
a thing and handled it you have some- 
thing that books alone can never give 
you. 


MAKING HyDROGEN 

The first thing to do is to make a sim- 
ple apparatus like that shown in Fig. 1. 
This has the same wash-dish pneumatic 
trough, with the same fruit jar filled with 
water and inverted in the trough, as you 
used in preparing oxygen. You have the 
same glass delivery tube and the same 
glass leader or conducting tube connected 
with a perforated cork; only, instead of 
having a glass flask containing a dry mix- 











HYDROGEN 

Hydrogen is a light gas, invisible, color- 
less, tasteless, odorless, but very inflam- 
mable. Hydrogen is a metallic gas; that 
is, in its physical properties it is like any 
common gas, such as nitrogen, oxygen, 
carbonic-acid gas or the like, but in its 
chemical properties hydrogen is just as 
metallic as iron, copper, lead, zinc, sodium, 
potassium, calcium or the like. By this 
we mean that chemically hydrogen plays 
proxy with the metals, and the metals 
with hydrogen, in that they are all re- 
ducers. Also, hydrogen and the metals 
can replace each other in hundreds and 
thousands of salts. And, further, as when 
the electric current acts on soluble salts 
all of the metals proper go with the posi- 
tive current, from the anode to the cath- 
ode, hydrogen does the same thing. Thus 
hydrogen, in an electrolytic cell, appears 
at the same pole where copper comes 
down; and this is practically a perfect 
demonstration of the fact that hydrogen 
is a chemical metal; but we will take up 


ture, you will have a small bottle like an 
ordinary horseradish bottle or small 
pickle jar, and in this jar you will have 
some metallic zinc covered with some 
dilute acid, like sulphuric or hydrochloric 
(muriatic) acid. Get a strip of sheet zinc 
(not galvanized iron) and, with ordinary 
metal-cutting shears, cut off a dozen strips 
or so, 4 to 8 inches long and % or % 
inch wide. Roll each of these strips up 
as though it were a ribbon, making a 
circular roll like that shown in Fig. 2. 
Then drop a handful of these zinc rolls 
into the bottle. 

You will see that the object is to get a 
supply of the metal in compact form, 
which will yet have a large amount of ex- 
posed surface. The inside and the out- 
side surfaces of the various coils will 
amount to several square inches. You 
will see that the acid will have a chance 
to act on the zinc much better than as 
if you should cut it into flat strips and 
throw them into the bottle where they 
might lie so closely together that they 
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would choke each other and hinder the 
action of the acid. The next thing is to 
cover the handful of rolls of zinc in the 
bottle with an inch or two of water, and 
then to pour in carefully two or three 
tablespoonfuls of sulphuric acid. If your 
sulphuric acid is already diluted, you will 
have to add more of it; if of the heavy 
concentrated “oil-of-vitriol” variety, of 
course you will add less of it; and in this 
case and always when working with con- 
centrated sulphuric acid remember to 
pour it carefully into the water—never 
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FIG. 2 
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the water into the acid. The reason is 
that a great deal of heat is developed 
when sulphuric acid is mixed with water, 
and if you make one or two little breaks 
in mixing it with water never mind. But 
look out for any spattering, and look out 
for your eyes. In case you are using the 
strong sulphuric acid, as you pour it into 
the water and zinc, it being a heavy liquid 
—almost twice as heavy as water—the 
acid may settle to the bottom in a slug- 
gish layer, but you can mix it with the 
water by shaking the bottle a little; pretty 
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FIG. 3 


soon the diluted acid (“diluted” means 
mixed with water) will begin to act on 
the zinc, and then the current of hydro- 


gen bubbles will keep the liquids well 
mixed. 


Look Out For EXxPLosIons 


Now there is one thing that you should 
remember: Hydrogen makes an explosive 
mixture with the oxygen of the air. 
Therefore, do not bring a flame near the 
hydrogen apparatus for some minutes 
after the action of the acid and the metal 
has begun. You will see, as you stop to 
think of it, that the air in the pickle jar 
above the dilute acid and zinc is being 
mixed with the hydrogen; and it will take 
some few minutes for the current of 
hydrogen in the bottle to flush out the air 
from the bottle so that it will consist 
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mainly of hydrogen. If you should 
neglect this caution, you will get a short, 
sharp explosion; the cork will be blown 
out of your bottle, and the bottle itself 
might be broken. Consequently, it is 
always safer to wrap an old towel loosely 
about the hydrogen-making jar, so that in 
case of an explosion there will be no fly- 
ing glass. 

The correct thing to do is to fill a tum- 
bler with water, cover it with a card- 
board, invert it in the trough and, after 
a few moments, collect a tumblerful of 
hydrogen. Then coVering the mouth of 
the tumbler under water with a card- 
board, remove the tumbler and cardboard 
together from the trough and set them on 
the table with the tumbler mouth down- 
ward, because the hydrogen is a light gas, 
much lighter than the air, and a jar full 
of hydrogen can be preserved in the air 
for some minutes if the mouth of the jar 
is kept downward. Now take a splinter 
of wood, light it and, holding the jar 
mouth downward, raise it from the card- 
board cover and thrust the lighted splin- 
ter up into the jar. If the hydrogen burns 
quietly, it is a sign that you have driven 
off all the air from the space in the 
hydrogen apparatus above the liquid, and 
you can go on and collect it by filling the 
jar in the trough; but if there is a sharp 
explosion, indeed if there is any noticeable 
explosion, you must let the hydrogen ap- 
paratus run a few moments longer, when 
you will collect another tumbler of hydro- 
gen, testing it in the same way until you 
get a sample that burns quietly. 

When you have got to this stage, then 
you may get ready to go on and collect 
several jars of hydrogen. You will want 
at least four jars, perhaps five; one to 
test its burning, two or three to test its 
lightness and one to test what is called 
the “diffusion” of hydrogen, or what 
the old books used to call the “osmose” 
of hydrogen. We will now discuss, 
in anticipation, each of these tests, so 
that you can be ready to make the 
experiments quickly, and so that you 
can understand well in advance something 
of what is going to happen. It may not 
be necessary for you to collect all of the 
jars of hydrogen at once, for you can 
easily have two or three jars, and you 
can use one jar while you are waiting for 
the next to fill, and so on. 


TESTING THE’ HYDROGEN 


The first jar: We will suppose that 
you have collected a jar of hydrogen from 
the pneumatic trough. You will remove 
this jar, just as you did the test tumbler, 
from the water, holding the cover on, 
mouth downward, and when you are 
ready you will raise the jar with one 
hand, still holding it mouth downward, 
and thrust the long lighted splinter half- 
way up into the jar. Now keep your eyes 
“peeled,” and notice that the hydrogen is 
burning with a soft and almost colorless 
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bluish or yellowish flame; but the end of 
the taper up in the jar is itself extin- 
guished. That is, the hydrogen burns at 
the mouth of the jar with the oxygen of 
the air; but the hydrogen does not sup- 
port the combustion of the splinter up in 
the inside of the jar; although that part 
of the splinter near the mouth of the jar 
will probably be re-ignited by the hot 
hydrogen flame. 

The set of experiments concerning the 
lightness of the hydrogen, and the pour- 
ing it upward in the air from one jar to 
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another, we will leave until the next 
lesson. 

The next experiment is something 
which will take a little more care in prepa- 
ration, but it is well worth the trouble. 
You want to hunt around and find a small 
cup of unglazed earthenware, about I 
inch or 1% inches wide and 2 or 3 inches 
long. You can get such a cup of un- 
glazed pottery, called a “porous cup,” 
from the dealers mentioned in the first 
lesson in the February number; but per- 
haps you can use a baby flowerpot, if you 
can find one small enough, although the 
trouble with these baby flowerpots is that 
they usually are too wide at the mouth. 
A tobacco pipe will do, a common clay 
tobacco pipe, as shown in Fig. 5. Fit a 
cork into the mouth of this tiny porous 
jar, and in the cork make a_ hole 
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for a tightly fitting glass tube, several 
inches long. 

If you use the tobacco pipe, cover the 
stem but not the bowl with glue to give 
it an air-tight layer. The mouth of the 
pipe bowl must also be closed with a tight, 
flat cork. The lower end of the glass 
tube leading up into the tiny jar, or the 
lower end of the stem of the tobacco pipe, 
should be connected with a bit of rubber 
tubing to a straight delivery tube of glass, 
10 or 15 inches long. In the case of the 
tobacco pipe you can lengthen the stem 
by connecting it with bits of rubber tub- 
ing to several pieces of stem broken off 
from other clay pipes and varnished. The 
point is to have a closed porous jar, with 
a straight air-tight tube, 10 or 15 inches 
long, leading to its interior. If you use a 
baby flowerpot, you will have to be care- 
ful to plug up the small hole usually found 
in the bottom of such pots with a tight 
cork; and also be careful to get a wide, 
flat cork thick enough to close the mouth 


air-tight. 
Another point: If you use a tobacco 
pipe in this “osmose” experiment your 


fruit jars will serve very well; but if 
you use a baby flowerpot, you will have 
to find a larger-mouthed jar, something 
like a wide-mouthed candy jar. The 
point is (as shown in Fig. 5 in triplicate 
to suit various conditions of our readers), 
you are going to place a jar of hydrogen, 
the mouth of which is open to the air, 
down over the pipe bowl, or the porous 
jar, or the tiny flowerpot, each of which 
is connected, by a well fitting cork and 
air-tight tube, with a tumbler of water 
some 10 or I5 inches below, as shown. 
If you are successful, you will see this 
simple but very remarkable result: some 
bubbles of air will be forced down 
through the long straight tube and will 
bubble up through the tumbler of water. 
This is all the more remarkable because 
the jar of hydrogen, which is open to the 
air, acts on the closed pipe bowl, or por- 
ous jar, or tiny flowerpot, as though it 
were blowing in gas through the un- 
glazed and porous walls of the pipe bowl, 
or porous cup, or tiny flowerpot, down 
through the long tube into the water. 


Tue “Kinetic THEory oF GASES” 


When you get this apparatus ready, you 
can test it in anticipation by lowering, 
mouth downward, a jar of common air 
over the pipe bowl, or porous cup, or tiny 
flowerpot; and with no bubbles, because 
air will not act on air, while a jar of 
hydrogen will act on air. I will not stop 
now to explain just what happens, but you 
will note that it is quite remarkable to 
have an open jar of hydrogen act on the 
air within the pipe bowl, or porous cup, 
or tiny flowerpot, as though the hydrogen 
could blow through into it and down the 
air-tight tube with considerable pressure. 
It will be worth your while to try to get 
this experiment and to make it work, 
because it will prove to you something 
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which the books call the “kinetic theory of 
gases.” 

The explanation of this experiment, 
which is one of the most remarkable in 
all chemical physics, is that the nitrogen, 
oxygen and hydrogen of the air are made 
up of little parts called “molecules.” Now 
these molecules are jostling each other 
about in a very rapid and rude way, and 
the walls of the porous jar mark the 
“rush line” in this hand-to-hand battle 
of the molecules. But the hydrogen fel- 
lows, although much lighter, are much 
more active, and they easily get away 
with the heavier and more sluggish mole- 
cules of the nitrogen and oxygen of com- 
mon air in the fine passageways of the 
walls of the porous jar. Therefore, the 
hydrogen fellows force back the nitrogen- 
and-oxygen team, “rush” them down the 
long tube, and force them out bodily as 
bubbles through the water in the tum- 
bler, as shown in Fig. 5. 

Scientists have figured that the mole- 
cules of the nitrogen and oxygen of the 
air are moving around, swinging and 
bombarding each other, at a rate of some 
2000 or 3000 feet a second, and the hydro- 
gen moiecules are swinging about at a 
rate of about 8000 feet a second at ordi- 
nary temperatures. This does not mean 
that either is moving at this rate as a 
mass, but that the small physical units or 
parts of the gases are moving at this rate. 
It is almost inconceivable, almost in- 
credible, that such should be the case; but 
after you have performed the experiment, 
and especially after you have studied care- 
fully the conditions of the experiment, 
you will see that you have got something 
so remarkable in fact that the explana- 
tion is not incredible but is in keeping 
with the fact. 


Aciwws ARE SALTS OF HYDROGEN 


There is one other point which I want 
you to notice, and that is that it ‘fs not 
alone the acid that attacks the zinc, 
but the zinc attacks the acid, forming 
sulphate of zinc, or “white vitriol,” in 
driving off the hydrogen. You will note 
that if the zinc can drive off hydrogen 
from dilute sulphuric acid, then the zinc 
has taken the place of the hydrogen; that 
is, the hydrogen is a metal. Further, if 
the zinc acting on the sulphuric acid 
makes zinc sulphate, then the acid itself 
is a sulphate of hydrogen, and this will 
introduce you to a new way of looking at 
acids; namely, that all acids are “salts of 
hydrogen.” 

Thus, sulphuric acid is hydrogen sul- 
phate, nitric acid is hydrogen nitrate, 
hydrochloric or muriatic acid is hydrogen 
chloride, phosphoric acid is hydrogen 
phosphate, tartaric acid is hydrogen tar- 
trate, acetic acid (acid of vinegar) is 
hydrogen acetate, citric acid (acid of 
lemons) is hydrogen citrate, and so on 
through the long list. From each of these 


April 6, 19009. 


acids, theoretically, any metal will drive 
off the hydrogen, but practically some 
metals act better than others and some 
acids act better than others. The metal 
commonly used is zinc, although you can 
use clean iron turnings or filings; the 
acid commonly used is sulphuric acid, 
although you can use hydrochloric acid; 
but you cannot use nitric acid if you want 
to collect the hydrogen, because nitric acid 
is itself an “oxidizer” and eats up the 
hydrogen as fast as it is formed. 





New Joint for Copper Pipes 


A simple and effective form of joint for 
copper and brass tubing is being intro 
duced by J. M. Leigh & Son, 67 Deansgate, 
Manchester. It is illustrated in the accom 
panying engraving, is known as the “com 
pression” joint, and is made between the 
ends of the two tubes themselves, one end 
being forced into the opposite expanded 
end of the other tube, the coupling being 
merely intended to keep the tubes to- 


gether. Two small hand machines are 
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JOINT FOR COPPER PIPES 


used in the making of these joints. [he 
screwed portion of the joint or union is 
slipped on the end of the tube, which 1s 
then put on the expanding machine and 
the end of the tube expanded until 
it fits tightly into the union piece and 
forms a lining for it. The union nut and 
ring are next slipped on the other tube, 
which is then beaded as shown. The 
tubes are afterward placed together, the 
beaded end inside the large end, and the 
joint is tightened up with a spanner, no 
jointing material being required. It will 
be seen that the connection is complete 
with only one joint. The amount of force 
required on the union is small; in fact, a 
tight joint under pressure can almost be 
made without the use of a spanner. We 
are informed that a test of an arrangement 
of various sorts of fittings attached to 4 
1%4-inch diameter seamless-copper tube, 20 
wire gage, proved perfectly tight at a pres- 
sure of 700 pounds per square inch, a ten- 
sile stress of 814 tons being necessary t0 
sever the joint—The Engineer. 
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Helander Barometric Condenser 

In Fig. 1 is shown the manner in which 
the Helander type A barometric conden- 
ser is installed. This type of condenser 
is used with either a basement or an over- 
head exhaust main. but is particularly 
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FIG. 2 


acapted to the latter. Fig. 2 is an interior 
View, an examination of which will bring 
to notice the large number of water pools 
between the steam inlet and the top of the 
vessel, where the air is extracted, which 
keep down the temperature of the cool- 
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ing water. It also shows that a large 
surface contact for water and steam is 
afforded by a series of waterfalls. , 

This condenser is fitted with a new type 
of release valve which does not in any 
way depend upon a mechanically tight 
joint to seal the vacuum when operating 
the condenser. This valve is placed at 
the foot of the barometric column and 
automatically comes into action whenever 
the vacuum is lost and the barometric 
column of water falls to the hotwell level. 
The steam then passes down the over- 
flow pipes and out through this valve to 
any convenient point. 

Some of the advantages claimed for this 
type of condenser is the simplicity of con- 
struction and erection, and as it is built 
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in less first cost, maintenance and power 
required, it is said. This condenser is 
manufactired by the Mesta Machine 
Company, Pittsburg, Penn. 





A Turbine Gasolene Engine 





This engine is a gas or hydrocarbon 
type. As shown in Fig. 1 it has an in- 
cased flywheel, set between a pair of cylin- 
ders, acting as a turbine rotor. Its opera- 
tion is as follows: When the first cylin- 
der in a four-cylinder engine is firing, the 
third cylinder is compressing and just on 
the point where the compression or re- 
sistance is at the highest. The exhaust 
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FIG. 2. END VIEWS OF ENGINE AND TURBINE 


entirely of cast iron it is said not to be 
affected by acid or oily water. It is also 
claimed that it has a large overload capa- 
city without impairing its efficiency, and 
there are no movable parts nor internal ad- 
justments to vary conditions of operation. 

Due to the peculiar internal design and 
construction, the noncondensable vapors 
are removed by the air pump when their 
temperature is approximately that of the 
cold injection water. At this point the 
density of the vapor is a maximum and 
the volume a minimum, thus permitting 
the use of a small air pump, which results 


valve on the first cylinder then opens and 
the exhaust gases strike the turbine rotor, 
helping the piston over its compression 
stroke. It is claimed that the turbine 
rotor revolving so rapidly forms a partial 
vacuum, thus drawing the exhaust from 
the engine and relieving it of back pres- 
sure. 

In Fig. 1 are shown exterior and sec- 
tional views of the arrangement of the 
cylinder and turbine. Fig. 2 shows end 
views of the engine and turbine. This 
combination is the invention of Hugo 
Stommel, South Elberon, N. J. 











Business Items 





The Quaker City Rubber Company, of 
Philadelphia, has opened a branch office, in 
charge of Charles W. Thomson, at 50 Church 
street, New York City. 

The Crocker-Wheeler Company, of Ampere, 
N. J., recently received an order through its 
Denver office for a number of small motors 
for the Cox-Clark Engraving Company, Barclay 
building, Denver. The motors will be used 
for individual drive on engraving and electro- 
typing machinery. They are all 230-volt, 
direct-current motors of the form L type, which 
is built in sizes from 1-20 to 74 horsepower. 


Owing to the growing demand for ‘‘Komo” 
steam traps, it has been necessary to increase 
the manufacturing and sales facilities. There- 
fore, the business formerly carried on by P. A. 
Moulton, as sales agent of the ‘‘Komo”’ steam 
trap, at 92 Liberty street, New York, will here- 
after be transacted by the Linton Machine 
Company, of 26 Cortland street, N. Y., which 
is in a position to furnish these traps in any 
desired quantity. The standard of material 
and workmanship will be maintained, and P. A. 
Moulton will be associated with this company 
as manager of the steam-trap department. 

The Mesta Machine Company held an ‘at 
home’’ Saturday afternoon, March 27, at its 
works at West Homestead, Penn. Thither 
wended a large number of persons interested 
in works of that character, including many 
engineers and the Engineers’ Society of Western 
Pennsylvania. It was an afternoon of inspec- 
tion, followed by a lunch. The fireproof office 
building, the roll and steel foundry departments, 
the new foundry and the new pattern shop 
were duly viewed and appreciated. Among 
the chief objects of interest were a 36x72-inch 
Corliss engine, with 100-ton flywheel, which 
was built in 30 days from receipt of order; 
a blast-furnace blowing engine, with steam 
and air cylinders each 84 inches in diameter 
and with 60-inch stroke; and machinery for 
a 600-ton metal mixer, which will be double 
the size of the largest now in use. 


One of the largest orders booked by the 
Crocker-Wheeler Company during a_ recent 
week was for 14 three-phase, 60-cycle, squirrel- 
cage induction motors, aggregating 220-horse- 
power, for Johnson & Johnson, New Brunswick, 
N. J. Other induction motor sales of the week 
were 160-horsepower of the wound-rotor type 
for the Buffalo Copper and Brass Company, of 
Buffalo, and a 20-horsepower for the Frick 
Company, Waynesboro, Penn. The demand 
for direct-current apparatus still continues. 
The Eastwood Wire Manufacturing Company, 
Belleville, N. J., has ordered a 250-kilowatt, 
engine-type generator, and the Atlantic hotel, 
Bridgeport, Conn., has purchased a 35-kilowatt 
machine. A large rolling mill near Pittsburg 
has placed an order for 244 horsepower of direct- 
current motors of the rolling-mill type. Other 
direct-current sales are those of 20 motors for 
the Lanston Monotype Machine Company, 
Philadelphia; a 75-horsepower motor for the 
W. W. Herron Lumber Company, Mobile, and 
six motors for the F. P. Little Electric Company, 
Buffalo. There were a large number of smaller 
orders. 


The former American Boiler Economy Com- 
pany, of Philadelphia, manufacturer of the 
Copes boiler-feed regulator and the Copes pump 
governor, has been consolidated with the North- 
ern Equipment Company, Old Colony building, 
Chicago, which will assume all obligations of 
the former company, including guarantees 
to replace free of cost any part of any Copes 
regulator that may develop a defect within 
five years from the date of purchase. The 
branch offices of the American Boiler Economy 
Company, viz., Tribune building, New York 
City; Oliver building, Boston; 226 East Pleasant 
street, Baltimore, and the Frick building annex, 
Pittsburg, will ‘be continued under the style of 
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the Northern Equipment Company, while the 
sale of Copes regulators will be handled in 


Philadelphia by the Adjustable Grate Bar 
Company, North American building. The North- 
ern Equipment Company announces. that it 
will continue to install the Copes regulators 
on 60 days’ free trial. The following recent 
sales to prominent concerns are mentioned: 
Nichols Copper Company, the Delaware & 
Hudson Railroad Company, the Clark Thread 
Company, the Consolidated Gas Company, of 
New York, and the Boston Elevated Railway 
Company. 


Keystone grease, made by the Keystone 
Lubricating Company, of Philadelphia, is claimed 
to be especially adapted to shafting lubrication, 
for the reason that it cannot drip, but remains 
in the bearing where it belongs. . In the silk- 
ribbon manufactory of Smith & Kaufmann, 
New York City, and in the silk mills of Pelgran 
& Meyer, the Harmony Silk Company and 
Cramer & King Co., of Paterson, N. J., this 
product is stated to give perfect satisfaction. 
Other instances of the successful use of Keystone 
grease are the Botany Worsted Mill, Passaic, 
N. J.; C. M. Hedden Company, Newark, N. J., 
manufacturer of fine soft hats; C. B. Rutan, 
West Orange, N. J., and the No-Name Hat 
Manufacturing Company, Orange Valley, N. J. 


The owners of the ‘‘New Belnord’”’ apartment 
house, at Eighty-sixth street and Broadway, 
New York City, which is to be one of the largest 
apartment houses yet built, recently placed 
an order with the American Engine Company, of 
Bound Brook, N. J., for three angle-compound 
engines, one of 500-horsepower, one of 400-horse- 
power and one of 160-horsepower. This type 
of engine is adaptable to isolated-plant work 
because of its relatively small space require- 
ments and the absence of vibration. It gives 
the advantages of compounding while requiring 
less floor space than a horizontal simple engine 
of the same output. 





New Equipment 


Bids will be received by C. W. Jackson, city 
clerk, Plymouth, Wis., some time in May for 
laying about 16,000 feet of 6, 8, 10 and 12 inch 
vitrified sewer pipe. W. G. Kirchoffer, ,Madi- 
son, Wis., engineer. : 

The Waukegan, Rockford & Elgin Traction 
Company has been incorporated with $1,500,000 
capital to construct an electric railway. Prin- 
cipal office at Waukegan. Incorporators, R. D. 
Wynn, C. C. Edwards, Fred Bairstow, etc. 


The Pennamaquan Power Company, whose 
head office is at Providence, R. I., has ‘taken 
over the property and holdings of the Pem- 
broke Power Company, at Pembroke, Me., and 
will rebuild plant which was burned some time 
ago. 

The Sioux Falls & Sioux City Electric Railway 
Co. will commence construction of proposed rail- 
way soon. There will be two power stations, 
one at Sioux Falls, S. D., and one at Sioux 
City, Ia. G. W. Burnside, Sioux Falls, is general 
manager. 

L. Adler Bros. Company, Rochester, N. Y., has 
awarded contract for the construction of a new 
factory building. Equipment will include boil- 
ers, engines, generators, motors, blowers, etc. 


Chas. A. Alexander, Rochester, is consulting 
engineer. 

Sealed bids will be received by P. D. Hender- 
shot, city clerk, Platteville, Wis., until 7:30 


p.m., April 2, for furnishing and installing a 
pumping system. Plans and specifications can 
be had of W. G. Kirchoffer, consulting engineer, 
Madison, Wis. é' 

The Central City Refrigerating Company, 
Syracuse, N. Y., is erecting a cold storage and 
electric plant. Gas producers, engines, genera- 
tors, refrigerating machines, etc., will be needed. 
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R. S. M. Mitchell, Kirk building, Syracuse, is con- 
sulting engineer. 


The Agricultural and Mechanical College of 
Texas, College Station, Tex., is contemplating 
installing new equipment in the machine shops 
and engineering laboratory, including centri- 
fugal pump, air compressor and internal com- 
bustion motors. 


The Water Power Light Company, Ozark, 
Mo., contemplates installing additional equip- 
ment, including 50-kilowatt alternating-current 
generator, water turbine, engine. It is said the 
company also contemplates installing an ice 
and cold-storage plant. 

The finance committee of the Council, Pitts- 
burg, Penn., has approved ordinance providing 
for bond issue of $1;975,000 to purchase plant 
of the Monongahela Water Company and $700,000 
bonds to purchase ‘machinery for same. N. S. 
Sprague, city engifieer. 

The Paris and Mount Pleasant Railroad 
Company has been incorporated with $75,000 
capital to build an-electric railway from Paris 
Texas, to Mount Pleasant. Headquarters at 
Paris. Incoporators, R. F. Scott, T. J. Record, 
J. J. Culbertson and others. 


The Walsenburg (Colo.) Light, Power and 
Ice Company is contemplating increasing the 
capacity of its ice-making plant by the instal- 
lation of a 12-ton ammonia compressor and the 
necessary cans, tank, condensers, etc. S. B. 
Richey is manager and P. A. 


W. F. Cooper has purchased the plant of 
the Winnfield (La.) Light and Power Company 
and will rebuild same with new and modern 
machinery, such as dynamo and engine, switch- 
board and line material. H. W. Wright, Winn- 
field, is engineer in charge. 

Bids will be received by R. Sutton, city clerk, 
Richland Centre, Wis., for furnishing and laying 
about 5000 feet of 8 and 10 inch cast-iron 
pipe. Special castings, valves and hydrants 
will also be purchased. W. G. Kirchoffer, 
Madison, Wis., is consulting engineer. 

The Portland (Ore.) Water Power and Electri2 
Transmission Company has been incorporated 
with $1,000,000 capital and will erect a power 
plant. W. H. Hurlburt, formerly president 
of the Oregon Water Power and Railway Com- 
pany, is at the head of the new company. 





Help Wanted 


Advertisements under .this head are inserted 
for 25 cents per line. About .six words make 
a line. 


WANTED—Salesman for steam specialties; 
thorough knowledge of steam traps and high 
pressure goods. ‘A.,’’ Box 27, PowER: 

WANTED—Thoroughly competent steam 
specialty salesman; one that can _ sell high- 
grade -goods.. Address “‘M. M. Co.,’’ Power. 

AN ENGINEER in: each ;town to -sell the 
best rocking grate for 8 boilers. Write 
Martin Grate Co., 281 Dearborn. 8t:,. Chicago. 

THOROUGHLY COMPETENT steam spe- 
cialty salesman for strong side» line... Greater 
New York. Liberal. commission. ox 29, 
POWER. 

WANTED—Man familiar with’ repairing and 
erecting of steam engines and boilers. Must 
be capable and: quick. A fine position in New 
York City open to the right party. Address ‘“H. 
W..,’’ Box 22, Power. ad 

ENGINEER for electric light plant, must 
be sober, industrious, capable and willing to 
help chief engineer on repairs, Twenty miles 
from New York. Give reference, salary ex- 
pected, etc. Box 25, PowEr. 

WANTED—Man_ with $5000 to_ invest. 
Must have executive ability and unquestion- 
able honor. To take charge of power plant 
department of engineering company. Give 
references and experience. Box 19, Power. 

PROFESSORS OF CIVIL, MECHANICAL 
AND ELECTRICAL ENGINEERING—The 
government of Nova Scotia will receive appli- 
cations for the above three chairs in. its technical 
college. Applicants must have college degree 
and practical experience. Appointments made 
in June or July. New college. High standards 
for degrees. Address F. H. Sexton, Department 
of Education, Halifax, N. S. 
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Power System of Louisville Lighting Co. 


Plant. 


Single-phase Engine Installation Remodeled into Two-phase Turbine 
Novel Features Are the Water Supply and Removal of Ash 
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lor some time alterations have been in 
progress at the Fourteenth street station 
of the Louisville Lighting Company, dur- 
ing which a great deal has been accom- 
plished in changing the character of the 
station to one of the most modern kind. 
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CoAL-HANDLING FACILITIES 
The property is adjacent to the main 
line of the Pennsylvania railroad and to- 
gether with the coal-storage facilities, 
occupies one entire city block. A spur 
track from the railroad enters the coal- 
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spur track itself can hold 12 cars of coal, 
making a total coal-storage capacity of 
4500 tons, neglecting the working capacity 
of the coal bunkers themselves inside the 
station, which will hold 1200 tons more. 

Each car of coal is weighed on a plat- 











FIG. I. EXTERIOR OF FOURTEENTH STREET POWER STATION, LOUISVILLE, KY. 


ic old engine room is now occupied on 
one side by a row of boilers, leaving the 
other side available for doubling the 
boiler capacity when required, and a new 
bine room has been built on the west 
side, giving the completed station the ap- 
irance illustrated in Fig. 1. 


storage yard, cutting off one corner of 
the old boiler room, as indicated in the 
plan, Fig. 2. This storage yard has space 
on either side of the track where coal 
may be unloaded, and in addition to this 
a farther emergency supply is stored on a 
lot on the other side of the tracks! The 


form scale before being unloaded. For 
immediate use the coal, which is Fox 
Ridge nut and slack, is dumped from ,the 
cars into hoppers discharging onto a 24- 
inch Robins belt conveyer 210 feet long 
and located in a tunnel under the tracks. 
On the belt conveyer the coal is carried 
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to a motor-driven crusher, discharging 
onto a bucket elevator which raises the 
coal above the bunkers and it is then dis- 
tributed automatically on another Robins 
belt conveyer as shown in Fig. 6. This 
conveyer is provided with an automatic 
traveling tripper which distributes the coal 
uniformly the entire length of the bunk- 


Old Stack 


RAY 


ront Line 
of Boiiers 


ers, reversing itself automatically at the 
end by means of a lever engaging the trip 
on the rail. This tripper may also be 
spotted over any boifer along the line of 
the coal bunkers. The bunkers are of re- 
inforced-concrete construction and deliver 
the coal to spouts in which Hunt valves 
are arranged, making it convenient to 
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check the coal consumption, as the spouts 
hold one-half ton each. 


BoiLer INSTALLATION 


Eight boilers, the fronts of which are 
shown in Fig. 7, are installed in the new 
boiler room. They are each of 600 horse- 
power rated capacity and of the Aultman 
& Taylor type, fitted with improved Roney 
stokers and Babcock & Wilcox super- 
heaters. The boilers have vertical head- 
ers and are installed with a clearance 
of only 18 inches between the rear header 
and wall, the gases passing upward be- 
tween the drums to the uptake, as shown 
in the elevation, Fig. 4. This drawing 
also shows the relative location of the 
old boilers which have been retained as 
reserve. Of these there are 1800 horse- 
power of Babcock & Wilcox make, with 
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Babcock & Wilcox chain-grate stokers. 
The manner in which the former coal- 
handling arrangement is utilized as an 
auxiliary is indicated in Fig. 2. The 
bucket conveyer has been retained and a 
Robins belt conveyer is installed to shift 
the coal into the main hoppers when 
necessary. 

Exceptionally complete facilities are 
provided for determining conditions in the 
boiler room. Located at a central point 
on the firing floor is an Ellison differen- 
tial-draft gage, and each boiler setting is 


tapped at the furnace and in the rear gas 


pass with %-inch pipe leading to a mani- 
fold, which may be connected at will with 
the gage. In this way the draft at all im- 
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FIG. 4. ELEVATION THROUGH PLANT 


portant points may be quickly determined. 
A line extends also to the stack at a point 
50 feet above the ground where the main 
uptake enters; the draft at this point 
shows 1.4 inches of water. The stack is 
of brick, 208 feet high, octagonal in shape, 
with a 13-foot circular flue. 

In addition, a board located in the office 
of the operating engineer is fully equipped 
with recording and indicating gages, en- 
abling the engineer to determine the 
steam pressure, vacuum obtained or draft 
on any unit at any time. An indicator on 
the switchboard gallery also shows in 
large numbers the total amount of load 
that is being carried at all times. 

Referring to the sectional elevation of 
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the boiler room, an air duct will be no- 
ticed immediately under the boiler-room 
floor in front of the stokers. This has 
been put in as an extra precaution, so that 
the furnaces may be run with closed ash- 
pits under forced draft, if circumstances 
should ever require it. Two Buffalo 
engine-driven fans are installed for this 
purpose. 


AsH REMOVAL 
The ash-handling arrangement is sim- 
plicity itself. Extending along in front 
of the ashpit doors is an 8-inch wrought- 
iron pipe, with a 6-inch opening at each 
furnace according to the Darby system. 
The openings aré loosely fitted with 
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FIG. 6. 


cast-iron plugs, but the farther end of the 
pipe is open. The pipe extends out 
through the basement wall and upward 
into a large elevated steel tank of 50 tons 
capacity. At the entrance to the tank, the 
ashes, which are frequently red hot, are 
sprinkled with water as they drop into the 
receptacle from which they are loaded 
At the top of the tank there 
is an 18-inch connection which is carried 
down into the adjacent crusher house and 
is connected to a Connersville high-pres- 
sure blower with a capacity of 200 cubic 
feet per minute and driven by a 30-horse- 
power induction motar. This installation 
maintains the vacuum upon which the 
operation of the system depends. Fig. 8 
shows an elevation of the system as in- 
stalled, and the tank itself may be seen 
in Fig. 1. 

In operation 


into cars. 


a plug is removed from 
one of the tees, a funnel is inserted and 
the ashes are raked into the pipe, being 
taken away as fast as introduced. As the 
suction is always inward, there is no dust 
nor dirt in the ash tunnel. At the point X, 
Fig. 8, a special elbow with extra thick- 
ness of cast iron is used for the reason 
that the particles of ash in changing their 
direction from the horizontal to the verti- 
cal impinge on the metal at a speed of 
several thousand feet per minute. This 
is really the only part of the system sub- 
ject to severe conditions, but as the elbow 
can be easily replaced there need be no 
trouble at this point. 
BOILER-ROOM PIPING 

The high-pressure piping is designed 
for 100 degrees of superheat. An 8-inch 
riser leads from each superheater into 
the end of a 10-inch horizontal bend with 
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AUTOMATIC ROBINS DISTRIBUTER OVER COAL BUNKERS 


a radius of 6 feet 6 inches and terminating 
in a 12-inch main header from which Io- 
inch leads pass to the turbines. The only 
separators in the system are those at the 
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turbine throttles, oné being a Cochrane 


receiver and one a Swartwout receiver- 
separator. 

Kellogg valves and fittings are used and 
the gate valves all have their stems look- 
ing downward, the main boiler stop valves 
being operated from the boiler-room floor. 
A 4-inch auxiliary header is also provided 
to furnish superheated the 

All high-pressure flanged 
joints are packed with Goetze asbestos- 
copper corrugated gaskets. 


steam to 
pumps, etc. 
The feed pip- 
ing is located overhead in front of the 
boilers, as shown in Fig. 7, and the main 
lines are in duplicate, with a 3%-inch 
branch to each battery of boilers. One 
Lambert hot-water meter:is located in 
the main feed line, and a Worthington 


meter is used when making individual 
tests on boilers. Williams feed-water 
regulators are installed on the system. 


Feed water is supplied by two Blake, ver- 
tical simplex, outside, center-packed plun- 
ger pumps, with cylinders 14x20x1244x18 
inches in size and capable of delivering 
300 gallons of water per minute against a 
boiler pressure of 250 pounds. These 
pumps take water at an average tempera 
under a minimum 
head of 5 feet 2 inches from a 6000-horse- 
power Cochrane 
and purifier. The heater receives the ex- 
haust from the feed pumps, stoker en- 


ture of 200 degrees 


open feed-water heater 


FIG. 7. BOILER ROOM 
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gines, condenser and dry-vacuum pumps; 
all the other auxiliaries are operated by 
electricity. 
GENERATING UNITS AND EXCITERS 

Two 3000-kilowatt Westinghouse-Par- 
sons turbines are installed. These are of 
the standard Westinghouse design, with 
completely inclosed ventilated generators 
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FIG, 9. MAIN GENERATING UNITS 


delivering two-phase, 60-cycle current at 
2200 volts. The machines run at 1200 
revolutions per minute under 200 pounds 
steam pressure, 100 degrees of superheat 
and 28 inches of vacuum. The 42-inch 
gate valve in the connection between each 
turbine and condenser is operated by a 
5 - horsepower, 110- volt, direct - current 
motor geared to the valve stem. This 
valve is opened or closed by simply 
throwing a switch up or down, the motor 
being automatically cut out at the end of 
the stroke in each case, and a colored 
signal lamp is automatically lighted to 
indicate the position. The valve is also 
arranged with a handwheel in case the 
electrical apparatus should get out of 
order. 
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FIG. 8. ASH HANDLING SYSTEM 














Fig. 9 is a view. in the turbine room, 
which is spanned by a 50-ton Niles travel- 
ing crane. The turbines exhaust into 
Alberger jet condensers provided with 
centrifugal steam-driven vacuum pumps 
which are of single-stage Lawrence make, 
one being driven by a 12x12-inch vertical 
double engine and the other by a 12x18x1I2- 
inch verticalcompound. In combination with 
the Alberger rotative dry-vacuum pumps 
furnished, no difficulty has been experi- 
enced in maintaining 28 inches of vacuum 
at all times. 

The Alberger condensers are each fitted 
with automatic vacuum breakers to insure 
against water reaching too high a level 
in the condenser proper. The breaker is 
essentially a counterbalanced valve con- 
necting tc atmosphere and in the suction 
line of the dry-vacuum pump, the valve 
being held closed by a trigger. When the 
water reaches too high a level, it raises a 
float which releases a trigger and the 
valve immediately opens. This method 
of breaking the vacuum is used when 
shutting down the turbines and is found 
to be reliable. Fig. 10 is a photograph 
of one of these condensing outfits. 
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Injection water is obtained from a 
horizontal concrete .reservoir 12 feet in 
diameter and 140 feet long, located in 
the basement. The reservoir has a capa- 
city of 400,000 gallons, and as indicated 
in Fig. 4, the injection pipes terminate in 
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other smaller 500-110-volt set rated at 25 
kilowatts is provided for starting. It is 
furnished with current from the 500-volt 
generator in the station or from the 
Tenth street plant. A third steam-driven 
set rated at 75 kilowatts is held in re- 


sent aS. RECS” 


FIG, 


an 18-inch foot valve at the bottom. A 
28-inch Crane relief valve is provided on 
each machine. The exhaust is carried 
away by a spiral-pipe line which termi- 
nates in a riser common to both machines 
and capped by a Swartwout exhaust head. 

To the main turbine units the old 
single-phase equipment of the station is 
held as a reserve. It will be remembered 
that at its installation in 1893 this was 
rated as the largest single-phase generat- 
ing plant in the world. This notable in- 
stallation, a view of which is given in 
Fig. 11, consists of four 500-kilowatt, 
2200- volt, single-phase Westinghouse 
generators, driven by cross - compound 
Allis-Corliss engines. It has been doing 
duty ever since installed and works ad- 
mirably on the two-phase circuits when 
they are isolated and used in single phase. 
Two 500-kilowatt, 500-volt direct-current 
outfits have also been retained. In con- 
nection with the generating units there is 
a complete White Star filtering system 
installed, with an oil-storage capacity of 
3000 gallons. 

For regular excitation purposes there is 
installed a 2200-110- volt, 75 - kilowatt 
motor-generator set taking current from 
the busbars, or it may take current from 
the company’s Tenth street station. An- 
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FIG. II. 


serve. 


The exciters are all of Westing- 
house make, and the engine is a I2xI2- 


inch machine of Chuse design. A _ IIo- 
volt switchboard is located on the main 
floor adjacent to the exciter sets. All 
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lighting of the building is at 110 volts 
from the exciter circuits. 


WATER SUPPLY 


One of the most interesting features of 
the plant is the system of water supply. 
The station is situated at Fourteenth and 
Magazine streets at a considerable dis- 
tance from the Ohio river and does not 
depend upon this source of water supply, 
either for condensing or for boiler feed- 
ing. As is generally known,. the Ohio 
river is subject to violent fluctuations, the 
water level varying from 3 to 50 feet, 
which makes it exceedingly difficult at 
times to be certain of an uninterrupted 
supply, either because of low water or on 
account of the water being so high as to 
be unmanageable. The river water always 
contains a certain amount of débris which 
has to be removed before using in the con- 
densers. Besides, a large amount of mud 
makes the water undesirable for water- 
tube boilers. When it was found that the 
City of Louisville was situated over a 
natural reservoir containing an almost un- 
limited supply of clear water not more 
than 50 feet below the surface, it was de- 
cided to take advantage of this and elimi- 
nate the many troubles due to a location 
on the river bank. All the above con- 
siderations were gone into years ago when 
the plant was first built on its present 
location, and up.to the present time the 
management has seen no reason for mak- 
ing any change. The water is exception- 
ally fine for condensing purposes, being 
delivered at a temperature of 55 degrees 
Fahrenheit the year around. It is, how- 


OLD “WORLD'S FAIR” SINGLE-PHASE INSTALLATION HELD AS RESERVE 


ever, quite hard, and for boiler feeding 1t 
is treated in a Scaife We-Fu-Go water 
softener having four setting tanks of 
35,000 gallons capacity each. 

The principal scale-forming materials 
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are calcium carbonate and magnesium sul- 
phate, as shown by the following analysis: 





Grains 
Per 

Gallon. 
GU asadnnbad Gis cch ad kevuesanmesdeeers 0.25 
SFA 04a. ib b00b05604 6060408 004605-6- bOOC OSES 16.43 
ME Ig 6-550 0:00:06, 50h b 000000 6h0d0c20seene000 7.44 
Mg,Cl.. 1.36 
Wg heb onncnhscokesawas wenden ek eiessankbabe 2.77 
EEE Sgr: on one vende endicdias cn 27.76 
NOMEIIOUUOEIMMBONIGS nice ns ccceccccsces 2.77 
Nisa Sas ARN codec ecanchaebes 30.53 


There are at present two deep-well pits 
in use, the first of which is 500 feet deep, 
elliptical in shape, with 34 and 48-foot 
axes, sunk with a steel casing lined with 
an 18-inch brick wall. At the bottom of 
the pit around the periphery are 8-inch 
driven wells, 25 feet deep, with 10-foot 
well points. Each well is connected by 
gate and check valves to a 20-inch mani- 
fold from which the water is delivered 
into the large reservoirs in the basement 
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continuously at full capacity. Sufficient 
room.is available for an additional pump- 
ing unit of equal size. 

For farther water supply the experi- 
ment is being made of sinking individual 
8-inch wells, fitted with Columbus impel- 
ler pumps, driven by vertical induction 
motors. If this proves successful it will 
obviate the necessity of sinking the ex- 
pensive well pits, and will have the fur- 
ther advantage of drawing the supply 
from a larger area with the consequent de- 
creased liability to failure of supply. 


ELECTRICAL CONTROL AND DISTRIBUTION 

All alternating current from the station 
is delivered at 60 cycles and is controlled 
by switchboards in the gallery. The main 
alternating-current board illustrated in 
Fig. 14 contains the generator panels, a 
synchronizing panel, 12 single-phase cir- 
cuit panels, and panels for the motor 





FIG. I2, EXCITER SETS AND SWITCHBOARD 


of the engine room by two duplex, tan- 
dem-compound pumps, one a Gordon with 
I2X20x20x24-inch cylinders, and the other 
a Worthington, 10x20x18x18 inches in 
size, 

The other well is located 200 feet north- 
west of the first one and consists of a 
circular concrete-lined steel-shell casing, 
25 feet in diameter and 60 feet deep. Fig. 
13 is a view looking down into this well. 
The 24 driven wells here are arranged in 

similar manner to those in the first pit, 
but are alternately 15 and 25 feet deep, 
with I0-foot well points, the object being 
to draw from a greater vertical section 

the water bed. In this pit a 200-horse- 
power Westinghouse induction motor 
drives a vertical single-stage Worthing- 
ton centrifugal pump having a capacity 
of 5000 gallons per minute. The motor 
and pump are connected by a vertical 
tt 25 feet long. This outfit operates 


generators, auxiliaries, arc lights, High 
land park and the down-town substation. 
This board is equipped with a Tirrill regu 
lator for field control and a_ recording 
voltmeter. In the Highland park circuit 
the supply is stepped up to 66090 volts, 
three-phase, is transmitted eight miles 
and is then stepped down to two-phase 
220-volt current. A load of some 500 
kilowatts is carried. Another notable cir- 
cuit is that of the 2200-volt single-phase 
line to Fountain ferry amusement park, 
where in addition to upward of 6000 in- 
candescent lights, there is a total of 150 
horsepower in single-phase motors of 
various sizes. 

The feature of the switchboard equip- 
ment, however, is the series luminous-arc 
rectifiers for the magnetite arcs which 
light the city of Louisville. The board 
containing the rectifiers occupies the en- 
tire length of the switchboard gallery on 
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the western side of the turbine room. and 
consists of 48 panels, each controlling a 
circuit of 50 lamps, making a total of 2400 
lamps. for the city. Front. and rear views 
of this board are shown in Fig. 15. It is 
144 feet long over all and is the largest 
board of its kind installed to date. 


Each pair of panels operate in con 








FIG. 13. LOOKING DOWN INTO WELL PIT 


junction with a General Electric constant- 
current transformer of 100 lights capacity 
situated directly behind the board. The 
rectifier tubes are cooled by an air blast, 
the openings for which may be seen on 
the front of the board in Fig. 15. This 
blast is maintained by two sets in dupli 
cate of motor-driven Sturtevant fans 
located on the floor of the main engine 
room below. The life of the rectifier tubes 
is, Of course, uncertain, but it is stated 
that the record life of a tube on this board 
has been over 3500 hours. 
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SWITCHBOARD 


A vigorous campaign for power busi- 
ness is now being conducted, and on a 
gallery above the main switchboard are 
located nine 2200-volt, two-phase power 
panels which control all the alternating- 
current power circuits in Louisville,. ex- 
cept in the down-town district. The 
down-town circuits are controlled from 
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the substation and consist of 500-volt 
direct-current power circuits and 110-volt 
three-wire alternating-current circuits for 


incandescent lighting. All circuits are 
underground. 

The substation contains a 1200-kilowatt 
Westinghouse synchronous motor-gen- 


erator set supplied with current at 2200 
volts through a 300,000-circular mil four- 
conductor cable. For the alternating- 
current service there are four sets of two- 
phase alternating-current static trans- 
formers stepping the 2200-volt current 
down to 240 volts, and at this voltage it 
is distributed through eighteen  single- 
phase underground circuits to various 
centers of distribution in manholes. Each 
circuit has its own regulator on the low- 
tension side and balance coils in the man- 
holes on the three-wire, 110-220-volt cir- 
cuits. Fig. 16 is a view of the interior 
of the substation, which is fitted with a 
traveling crane and all necessary facili- 
ties. 

In addition to the synchronous motor- 
generator set at the substation, there is an- 
other of 225 kilowatts capacity at the 
Fourteenth street station tying the alter- 
nating-current and direct-current systems 
together. These sets have a_ beneficial 
effect on the power factor, maintaining it 
at approximately 95 per cent. 

The wiring diagram, Fig. 17, indicates 
how the load may be handled by the dif- 
ferent generators. Ordinarily the ma- 
chines at Tenth and Fourteenth streets 
operate in parallel on the turbine busbars, 
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handling the load in general. However, 
any desired combination may be arranged 
according to circumstances. Thus the 
Tenth street station may carry any of the 
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single-phase city-lighting circuits, the 
magnetite arcs or Highland park, direct. 
Similarly the old single-phase equipment 
may serve the magnetite arcs, and any of 
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the city-lighting circuits, including Foun- 
tain ferry, but cannot connect with High- 
land park or the motor-generator at the 
substation, both of these circuits demand- 
ing strictly two-phase current. 


TENTH STREET STATION 

This station, which has also recently 
been remodeled, is a brick building, the 
walls, engine and boiler foundations being 
built upon a 24-inch concrete slab, which 
is supported by 12-inch oak piles 35 feet 
in length. In addition to the 750-kilowatt 
and 400-kilowatt two-phase generators 
indicated in Fig. 17, the Tenth street sta- 
tion contains one 750-kilowatt and one 
s00-kilowatt direct-current 500-volt gen- 
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the precautions taken to maintain a water 
supply furnish the most interesting feature 
of the plant. About halfway down on the 
river bank is located a water-tight pump- 
ing station. It consists of a circular 
caisson about 18 feet in diameter, made of 
steel boiler plate and having a cone- 
shaped roof ending in a vertical shaft with 
entrance at the top. On the up-stream 
side the structure is protected by a con- 
crete wall. 

Inside, the pumping equipment consists 
of two Worthington single-stage centrif- 
ugal pumps, each with a capacity of 2000 
gallons per minute. Each pump is driven 
by a 60-horsepower General Electric 
motor taking current from the 500-volt 


500 K.W. Units 


AA ES) 























l4th St. Single Phase Leads to Magnetites 


Magnetite 


Motors 
Turbine Bus Bars 


To 







10th St. 


Turbine & 10th St. 2@ Leads to Mugnetites 


To Substation 


FIG. 
erator. The two 750-kilowatt units, one 
alternating- and one direct-current, are 
driven by 26x54x42-inch Knowlson & Kel- 
ley horizontal Corliss engines, which oper- 
ate in conjunction with Deane-of-Holyoke 
flywheel-type jet condensers. Both of the 
other units are vertical, with McIntosh & 
Seymour engines, the cylinders in the case 
of the alternating-current unit being 
19x28x30 inches in size and the direct- 
current machine 22x30x36 inches. These 
engines are equipped with Wheeler sur- 
face condensers and motor-driven air 
pumps. 

As this station is located on the river, 
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17. WIRING DIAGRAM OF STATION 


mains. These pumps furnish cooling 
water directly to the two surface con- 
densers and injection water to the jet con- 
densers. Although normally above the 
surface of the water, this pumping station 
operates equally well when entirely sub- 
merged. The basement of the Tenth 
street station itself is made water-tight, as 
in the spring time it is frequently below 
the water level. The condensing water 
then has to be pumped out of the base- 
ment, and for this purpose a large low- 
service pump is held in reserve. 

The discharge from all condensers 
runs into a cistern which overflows to the 
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sewer. From this cistern feed water is 
pumped to a Stilwell open heater and 
then to the boilers, of which there are 
three of the Aultman & Taylor type, rated 
at 650 horsepower each and provided 
with Green traveling-grate stokers. 

The work of designing and reconstruct- 
ing the power stations has been under the 
direct supervision of G. Wilbur Hubley, 
superintendent and engineer, Louisville 
Lighting Company. 





Engineering Societies Discuss Con- 
servation of Natural Resources 





Wednesday evening, March 24, a special 
meeting was held in the Engineering 
Societies’ building on West Thirty-ninth 
street, New York, under the auspices of 
the four national engineering societies, 
American Society of Mechanical Engi- 
neers, American Institute of Electrical 
Engineers, American Society of Civil 
Engineers and American Institute of Min- 
ing Engineers. The conservation of natu- 
ral resources was the topic under dis- 
cussion, and four papers by representa- 
tives of the societies were presented. 
Nearly 800 engineers were in attendance 
and Dr. James Douglass presided. 

Before the papers were read, a telegram 
from President William H. Taft was re- 
ceived with considerable interest. The 
President was greatly gratified to know of 
the codperation of the engineers in the 
movement for the conservation of natural 
resources, as the members of the four 
societies with their technical knowledge 
were not only better advised as to the 
necessity for such conservation, but were 
competent to suggest excellent methods by 
which such conservation could be car- 
ried out. 


WasTe RELATIVE AND Not ABSOLUTE 


In a few preliminary remarks, Dr. 
Douglass expressed his opinion that the 
waste of coal above and below ground 
should be regarded more in the light of a 
relative rather than an ahsolute waste. 
Great advancement has been made in 
chemical and metallurgical engineering, 
and this advancement means the saving 
of coal. The introduction of the hot- 
stove blast furnace alone saved 40,000,000 
tons per annum. The bessemer converter 
saved an additional 20,000,000 tons. Im- 
provement in the steam engine over the 
old slide-valve type has resulted in a far- 
ther saving of from 40,000,000 to 50,000,000 
tons per year, and in all between 
120,000,000 and 130,000,000 tons of coal 
per annum has been saved. In conse- 
quence, it would appear that we need feel 
no compunction about being among the 
destroyers of our natural resources. Con- 
servation must come with advancement in 
methods and in machinery. With the best 
of steam engines it is possible only to 
utilize something like 16 per cent. of the 
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energy in the coal. The efficiency of the 
Diesel engine is reported as 36 per cent. 
Improvements along this line should be 
the aim of the engineer. But the con- 
servation is not being restricted to coal 
alone. The amount of steel used in build- 
ings and bridges is being cut down, and 
cheaper materials are being substituted 
for the rarer ones. All engineers are 
working with the same end in view, and 
instead of feeling repentant over the re- 
sources that have been wasted, they 
should rather feel jubilant that there is 
yet much that they can do toward con- 
serving these resources. 


CONSERVATION OF WATER 


The first paper of the evening was pre- 
sented by John R. Freeman, consulting 
engineer for the Department of Addi- 
tional Water Supply for the City of New 
York. His topic was “The Conserva- 
tion of Water,” and he prefaced his re- 
marks, to the surprise of some of the 
engineers present, by saying that he did 
not believe the cutting off of the forests 
in the Eastern mountains had affected the 
flow in flood or drought of any important 
rivers. Land covered with an under- 
growth was quite as effective as timber, 
and the error had been in the failure to 
differentiate between kinds of soil. It 
was his opinion that if half the stations of 
the United States Geological Survey were 
abandoned and the total appropriation de- 
voted to the remaining half, more precise 
information on stream flow would be 
available. 

In conclusion, it was his recommenda- 
tion that each State should collect the 
facts regarding each of the notable oppor- 
tunities for power development within its 
borders. Select the important ones for 
survey in detail after reconnoissance, pre- 
pare an outline plan for each, with all the 
detail that would be required in the pre- 
liminary studies for actual developments, 
with the full estimates of cost of plant and 
of the amount of power available in differ- 
ent seasons of the year, and make these 
matters of permanent public record, 
printed and widely distributed. In these 
surveys the conservation idea should have 
full sway, measuring up the full engineer- 
ing opportunity, with dams planned at the 
highest levels and tailraces at the very 
lowest !evels that the topography will rea- 
sonably permit, and with the storage 
reservoirs of the greatest hight and area 
for which nature has provided a reasona- 
ble location, up to the full measure of 
reasonable flood control. Every note- 
worthy opportunity for development that 
will ever exist within the State can thus 
be soon placed on the map, and there will 
never be a more advantageous time than 
the present to take account of stock, so 
that the public and the promoter can see 
just what degree of promise there is in 
each opportunity. The State can perhaps 
wisely go farther than heretofore, and at 
some of the great sites itself construct the 
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main works, much as the United States 
Reclamation Service has built reservoirs 
and canals, or it can invite private capi- 
tal, through the removal of the restrictive 
laws like those now forbidding storage 
reservoirs in the Adirondacks, or by laws 
helpful in bringing the full natural oppor- 
tunity of one proper site under one con- 
trol, like the mill and the flowage acts of 
some of the States. 

By far the most beneficent policy of 
conservation of its water power that the 
State or Nation can adopt is one which 
will tend toward its being devoted to the 
founding of industrial communities, and 
that kind of industry is best which will 
bring the greatest population per horse- 
power and the most highly skilled class 
of operatives. The first step in such a 
policy of conservation is an accurate in- 
ventory and publication regarding each 
undeveloped or scantily developed oppor- 
tunity. 
CONSERVATION BY LEGISLATION DoUBTFUL 

“Conservation of Natural Resources by 
Legislation,” the second paper of the even- 
ing, was delivered by Dr. Rossiter W. 
Raymond, secretary of the American In- 
stitute of Mining Engineers. As _ ex- 
pressed by the speaker, true conservation 
lies in the diminution, not of use but of 
waste. The error of our pioneer miners 
and metallurgists was not that they 
worked prematurely and imperfectly, but 
that they too often left their low-grade 
eres, slags and tailings in such positions 
as to be unavailable for retreatment by 
their successors; but no legislation, even 
if the legislators had been wiser than the 
engineers, could have remedied this evil 
half as quickly or thoroughly as it has 
been remedied without any legislation at 
all, for the trouble was simply lack of 
knowledge. The moment the mine opera- 
tor realized that his tailings were a part 
of his assets to be turned into money at 
once, either by himself or by lessee, or by 
sale to a speculative purchaser with an eye 
on approaching improved conditions, that 
moment he began to preserve and pro- 
tect them. Much the same ruling applies 
to our timber lands. 

The Government had failed to deal com- 
petently with the mineral resources of the 
country, and why should it be trusted to 
legislate concerning other resources? The 
progressive education of the people and 
the steady pressure of economic condi- 
tions would do more to prevent waste 
than any amount of legislation. Of all 
the extra Governmental functions, the 
education of the people by the spread of 
information is the most beneficial, the 
most potent and the least objectionable. 
The information presented by the Govern- 
ment should be collected with care and 
not in a hurry, should be stated without 
bias or argument in favor of this or that 
measure or policy; and made accessible 
to all who desire it, not by the wasteful 
and inadequate system of giving to mem- 
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bers of the Congress so many copies per 
capita, but by printing in successive edi 
tions, if need be, as many copies as in 
dividual citizens are ready to buy at cost 

Engineers may render most useful ser 
vice by freely scrutinizing and criticizin; 
the figures upon which all propositions o 
reform, private or public, are professed! 
based. Others will always furnish th: 
motive power of eloquence and enthus: 
asm. It should be the business of engi 
neers to test the machinery and hold the 
rudder. 


FirEPROOF BUILDINGS TO REDUCE FIRE Loss 


Charles Whiting Baker, editor of Eng 
neering News, talked on “The Waste of 
Our Natural Resources by Fire.” The 
loss by fire in 1907 amounted to $215, 
000,000, and if all the buildings visited by 
fire during that year were lined up along 
a single street, it would reach from New 
York to Chicago, approximately 1000 
miles. In this long line of buildings much 
of our wood and mineral resources are 
annually destroyed. An even division of 
this loss by fire would mean a tax of $2.50 
for every inhabitant of the United States, 
or for every family of six a tax of $15. 
Similar figures in Europe are much lower 
and in fact do not even approach one-half 
this value. A more careful selection 
of building materials, insuring a fireproof 
structure, would lessen the annual de- 
struction and to no small extent 
serve our natural resources. 


con- 


INSTALL WATER Power TO SAVE COAL 


The fourth and last paper of the even- 
ing, on “Electricity and Conservation of 
Energy,” was presented by Lewis B. Still 
well. The speaker expressed himself in 
favor of a much more extended develop 
ment of water power to develop electrical 
energy. Excluding locomotives, there are 
25,000,000 horsepower of steam engines in 
the country, 5,000,000 horsepower of water 
motors and 890,000 horsepower of gas en 
gines. Our water resources are such that 
37,000,000 hydraulic horsepower 
readily be developed and utilized at a less 
cost than steam. Every hydraulic horse- 
power saves from 7% to 10 pounds of 
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coal, and with the above number of h) 
draulic horsepower actually installed an 
enormous saving in our coal 
would result. Centralizing our 
generating stations into larger 
would also reduce the demand for coal 
With this end in view the State should 
hasten instead of retard our water-power 


resources 
steam- 


plants 


developments. 





New York N. A. S. E. Convention 


New York State No. 34 
N. A. S. E., will hold its annual conven 
tion this year at Syracuse, June 11 and 12, 
in the assembly hall of the 
house. 
same building. 
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Analysis of the Subject of Coal Analysis 


A Govemment Expert Discusses the Chief Things Coal Users Wish 


to Know; 


Values of the Various Methods Used In Analyzing 
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Within the last few years the subject 
of coal analysis has become of very great 
importance to many lines of industry. 
The demand for the analysis of coal has 
come from a great variety of sources and 
largely from those having little acquaint- 
ance with chemical methods and the inter- 
pretation of chemical results. The chem- 
ists, on the other hand, have been com- 
pelled to take such methods as were found 
at hand, and the result of those conditions 
has been not altogether satisfactory in 
many ways. 


Wuat So-cALLED CoAL ANALYSIS MEANS 


If we consider somewhat in detail the 
various determinations made in the labora- 
tory in connection with coal testing, it will 
be easy to show how much is commercial 
and how little what might be called scien- 
tific. The so-called analysis of a coal is 
usually a practical test of purity of the 
material on a small scale, but it also in- 
volves determinations which are supposed 
in some way to indicate the nature of the 
coal itself. 

To illustrate, suppose we consider an 
ordinary sample of bituminous coal. It 
may be assumed to consist, first, of an or- 
ganic constituent composed of vegetable 
residues more or less altered but retain- 
ing traces of its original woody structure 
and composite character, and containing 
as an integral part certain inorganic com- 
ponents. Like its source, woody fiber, it 
is hydroscopic in its nature, holding me- 
chanically variable amounts of moisture, 
the equilibrium amount depending upon 
the moisture percentage of the air; in 
other words, like a piece of wood it ab- 
sorbs moisture in damp weather and gives 
it up in dry weather. The ultimate chemi- 
cal composition of this material varies 
with the extent of the alteration, as shown 
in the peats, lignites and bituminous and 
anthracite coals, and also, as has been 
shown, in all probability with the nature 
of the vegetation from which it has been 
derived. This extremely complex and 
indefinite material may be called “coal 
substance,” for want of a better term. 
Intimately mixed with this are inorganic 
substances, probably mechanically intro- 
duced with the original vegetable débris, 
or clse precipitated by secondary reac- 


tions from circulating waters. These may 
be in the nature of clays or fine sand and 
_*Chief chemist, technologic branch of the 
United States Geological Survey. Paper read 
at the Illinois Fuel Conference, March 11, 12 
and 13. 
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also intimately mixed iron pyrites. I 
have examined samples of coal under the 
microscope in which microscopic crystals 
of pyrites were scattered through the 
mass in sufficient amount to give high per- 
centage of sulphur in the total, yet in 
which a superficial examination of the 
coal itself practically showed no pyrites 
to the unaided eye. Other minerals may 
be present in the same way, even such 
unusual constituents as zinc blende, and, as 
Doctor Hillebrand has shown, considera- 
ble percentages of vanadium sulphide. The 
extremely complex nature of the organic 
constituents themselves may be inferred 
from the variable but sometimes very 
large amounts of sulphur they contain, 
well shown in the case of certain peats. 
Now in addition to this base, constituting 
the principal part of the sample submitted 
to the chemists for analysis, it has, sec- 
ondly, more or less coarse admixture of 
slate, clays and other rock-like material 
occurring in connection with the deposits 
of coal and not properly separated in min- 
ing, bone coal and also streaks of cannel 
and other associated material, coal-like in 
character, but differing notably even in the 
organic material they contain from the 
coal itself. Add to this enumeration of 
the constituents of commercial coal the 
fact that many of these ingredients, on 
standing or exposure to air, alter by 
absorption of oxygen, evaporation, etc., 
and it would appear that the problem is 
still farther complicated. 


Tuincs Coat Users WIsH TO KNOW 


Now some of the things that the users 
of coal wish to know and for which they 
turn to the chemical analysis in the hope 
of receiving information are the follow- 
ing: The heating power of the coal; the 
amount of ash or inorganic matter left on 
burning the coal; the nature of the com- 
bustion of the coal, whether flaming, 
smoky, rapid or slow; the gas-producing 
quality of the coal, both as to yield and 
as to the nature of the gas; the nature 
of the ash yielded by the coal; the coking 
quality of the coal and the purity of the 
coal produced; and the possibilities of im- 
proving its quality by coal washing. 

In addition to these are many questions 
of special character, such as the demands 
for scientific investigation as to the nature 
of the coal substance, the relations of its 
composition to the previous geological 
history of the deposit and the relation of 
the total heating power to ‘the heating 
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power actually available for technicak 
operations. 


ANALYTICAL MetHops EMPLOYED 


What are the analytical methods at 
present used in the laboratory to meet 
this series of questions and to handle this 
very complex material? Most of the 
laboratory work is done upon a sample 
which represents or is intended to repre- 
sent the average composition of the ma- 
terial and which in no way recognizes the 
separate constituents of the very complex 
mineral aggregate of which it purports to 
be an average. The methods therefore 
give results only approximately related to. 
the coal substance and difficult of general 
application. 

We have, as of generally recognized im- 
portance, the ultimate analysis as ordi- 
narily made, giving the determination of 
the hydrogen, the carbon, the nitrogen and 
the sulphur and the percentage of ash left 
after burning. This analysis also includes 
an estimate of the oxygen by difference, 
which is, of course, only approximate, as 
has been frequently pointed out in discus- 
sion on the subject. This ultimate analysis 
is capable of a high degree of accuracy for 
certain elements, which I think could be 
safely stated within 0.05 per cent. in the 
hydrogen, 0.3 per cent. on carbon, 0.03 
per cent. on the nitrogen and 0.05 per cent. 
on the sulphur. I do not mean that closer 
results are not obtainable, but ordinary 
work in the laboratory by competent 
chemists would, I think, run within these 
limits. The value of the ultimate analysis 
in all technical applications of the coal 
consists of its giving a reasonably accurate 
basis for the calculation of products of 
combustion and of comparisons with the 
heating power of the coal otherwise de- 
termined. The weakest point in the ulti- 
mate analysis is the uncertainty of its con- 
nection with the actual composition of the 
organic material as distinct from the im- 
purities. Carbon, hydrogen and sulphur 
are present occasionally as carbonates, as 
combined water and as sulphates respec- 
tively in the slates and other mechanical 
mixtures and the ultimate analysis does 
not distinguish between such occurrences 
and that in the coal substance. Ingenious 
efforts to eliminate these uncertainties as 
affecting the heating power by examina- 
tion of various samples of the same coal 
differing widely in percentage of mechani- 
cal impurities have been made by several 
chemists. 
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PROXIMATE ANALYSIS 


In addition to the ultimate analysis, we 
have the more commonly made “proxi- 
mate analysis,” consisting of the determi- 
nation of the moisture, ash, fixed carbon 
and volatile combustible matter in the 
coal. Much has been written in regard to 
these determinations. 

On the same sample of coal closely 
agreeing results can be obtained on the 
ash and fairly close on the moisture. The 
variation in the volatile combustible is 
much larger and can only be kept within 
reasonable limits by very careful adher- 
ence to a definite method of procedure. 
The term moisture simply means the loss 
in weight under fixed conditions of treat- 
ment. It is intended and does bring the 
material to a’ condition which can be dupli- 
cated closely and represents a fixed basis 
for comparison, but in nowise stands for 
all the water in the coal. The volatile 
<ombustible, as has been carefully investi- 
gated by Professor Parr, is by no means 
properly named. Only a fraction, and a 
‘variable fraction at that, depending largely 
on the kind of coal, is combustible, and a 
‘considerable fraction, consisting of water 
vapor, carbon dioxide, nitrogen and other 
dilutants is inert or noncombustible. It is 
well to recollect that the proximate 
analysis of coal was devised many years 
ago, and primarily as a means of testing 
the amount of coke left by coal. The 
volatile combustible has since been the 
subject of much discussion and many 
attempts have been made to correlate it 
with heating value, geological changes and 
the various questions arising in coal 
utilization. Some undoubted connections 
have been shown, but I feel that possibly 
too little recognition has been given to 
the empirical and more or less uncertain 
nature of the determination. 


“FLOAT-AND-SINK” TESTS 


Of growing importance, particularly in 
connection with coal washing, and as a 
tool for the study of coal samples is the 
application of the separation by gravity 
or the so-called “float-and-sink” tests, in 
which the coal crushed to a moderate de- 
gree of fineness is separated on solutions 
of high specific gravity, chloride of cal- 
cium for specific gravities up to 1.35 and 
chloride or sulphate of zinc for higher 
gravities. Chloride of zinc solution can 
be made of a specific gravity as high as 
two and by dilution any of the intermedi- 
ate gravities obtained. I have used this 
method in my laboratory for years to 
separate heavy mineral materials like slate 
and pyrites, as preliminary to the study of 
the composition of coal. The method is 
excellently adapted to tracing out the 
variations in composition as the inter- 
mixed mineral substances are eliminated. 
It will enable the experimenter to dis- 
tinguish with considerable accuracy be- 
tween the inherent intimately mixed ash 
and the sulphur compounds and the 
coarser and mechanical contaminations. 
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In recent years the leading factor in the 
commercial valuation of coals has become 
the calorific value or heating power of the 
coal and today the most important de- 
mand on the laboratory is the determina- 
tion of this. The widely extending use 
of the bomb calorimeter is leading to new 
problems for the investigation of the 
chemists. Here again the heating value 
of the sample is modified more than ‘by 
mere dilution by the nature of the mineral 
aggregate. As Mr. Turner and others 
have shown, the heating value is not en- 
tirely proportional in a given kind of coal 
to the residue left after deducting the ash 
and the moisture, but that there are ‘fac- 
tors depending on the influence of the in- 
organic material. Work of this kind is of 
great importance in order that the effect 
of ash, moisture and pyrites on the com- 
mercial value of coals may be more ac- 
curately shown. 


CALORIMETRY REQUIRES SKILL 


Calorimetry is, unfortunately, work de- 
manding considerable training and experi- 
mental skill and the recently adopted pol- 
icy of the Bureau of Standards of fur- 
nishing materials of known heating value 
so that the constants and correction of 
the calorimeter can be determined is 
greatly to be commended. The possibility 
of error in calorimetric determinations 
due to alteration of samples should be 
borne in mind. A very finely pulverized 
coal sample will oxidize in many cases 
very rapidly and comparative results by 
different chemists on such a sample are 
liable to vary unsatisfactorily unless all 
made approximately the same time on 
samples that have been sealed in air-tight 
receptacles. Experiments made by the 
fuel-testing plant afford ample evidence 
of the extent to which this alteration may 
take place. 

The determination of the water equiva- 
lent of the calorimeter experimentally 
gives rise to many difficulties and hence 
except for those having had a great deal 
of experience in fundamental measure- 
ments it is far better to use the calorimeter 
as a comparative instrument and depend 
for its constants upon burning substances 
of known calorific value such as are fur- 
nished by the Bureau of Standards. Com- 
mercial chemicals are quite variable and 
different samples of napthalene, benzoic 
acid, etc., from different dealers will differ 
notably in their heating value. Recently 
the writer has obtained very successful re- 
sults by the method of mixtures, adding 
hot water to the calorimeter from the 
Dewar flask or thermos bottle in which it 
is possible to read with great accuracy 
the temperature of the added water and 
to add the water to the calorimeter with 
a very small correction for radiation loss 
during the addition. The method has 
proved successful in the hands of students 
who have made a number of water 
equivalent determinations agreeing within 
a very small limit of error with the cali- 
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bration of the calorimeter obtained ir 
other ways. Of course, this method ha: 
the advantage of being absolute and no: 
relative. 


WEAKEST POINT IN THE RESULTS 


The foregoing outline has dealt wit! 
the laboratory side of the question. A\| 
the analytical work, calorimetric work and 
everything else in connection with the 
testing depends for its economic value on 
the fundamentally representative nature of 
the sample of coal tested in the laboratory 
Here is the weakest point in the commer- 
cial application of the results. Coal 
sampling is a matter now prominent be- 
fore the technical world. Now that the 
extending recognition of the value of 
laboratory work is leading to the pur- 
chase of coal on chemical specifications 
the whole question is under review. The 
ingredients most affected by sampling are 
obviously moisture, ash, sulphur, and 
calorific value. In a recent paper of great 
interest, E. G. Bailey has presented a large 
number of results in which he criticizes 
existing methods and lays down certain 
general deductions from carefully con- 
ducted experiments as to the general prin- 
ciples involved in the securing of correct 
samples. Mr. Bailey has, in my opinion, 
done a very valuable piece of work, both 
in calling attention to the importance of 
the subject and in the experiment he has 
brought forward. As having been con- 
nected with the Government work in St. 
Louis, I feel called upon to correct cer- 
tain misapprehensions in regard to that 
work which I think unintentionally on his 
part led him to place it in a somewhat 
false light as to the accuracy with which 
the sampling was done. As I followed 
this paper he makes a fundamental as- 
sumption that the variations in the por 
tions of coal taken at the plant from the 
same car shipment and sent to the 
boiler-gas producer, briquet and washing 
plants were identical in composition with 
the carload sample, and that the variations 
shown in these different portions were 
due to variations in sampling of the por- 
tions at the various plants. Whereas, the 
facts of the case are that the different por- 
tions taken from the car were not sup- 
posed to be sampled from the car, but 
simply portions unloaded at different 
points and the reason why analyses were 
made of the separate portions was because 
it was recognized that the carload was 
not uniform as far as contents of ash, 
sulphur, etc., were concerned, and that thie 
carload analysis could not be taken for 
the different portions without a prelimi- 
nary thorough mixing of the whole car- 
load which was not practical. This is 
clearly stated on page 284 of professional 
paper 248, part 1, from which I quote: 

“It was intended that the car sample 
should represent the average of the whole 
car while the other samples stood for dif- 
ferent portions of it. These would aver- 
age about 5 tons each. In some cases 
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the car sample was taken on only part of 
the car. The large variation in the dif- 
ferent samples in a few cases shows the 
irregularity in the coal in the car.” 

Experiments were made at St. Louis 
and published in this same work giving 
the analysis of duplicate samples, and 
while the results were not very satis- 
factory and some errors were found, they 
were not of the magnitude as given by 
Mr. Bailey from his comparison of the 
other samples based on the assumption 
which I have shown was not warranted 
and which was contrary to the facts as we 
stated them at the time. Mr. Burrows 
has discussed the question of mine sam- 
ples, but the comparison of these with 
coal shipped from the mines makes 
no allowance for the extent of clean- 
ing that the coal underwent in ship- 
ping and in taking the mine sam- 
ples. As stated, several duplicate samples 
on the carloads were run to check the St. 
Louis sampling, and the worst result 
obtained I think was the one given on 
page 287, in which an extreme variation 
in ash on a coal averaging about I5 per 
cent. ash, was a’ little over 2 per cent. This 
coal was selected as the worst obtainable 
from the standpoint of sampling and the 
variation of the highest and lowest sam- 
ples from the average of all the experi- 
mental samples on this coal was only a lit- 
tle over I per cent. Notwithstanding the 
criticism that I felt compelled to make of 
Mr. Bailey’s representation of the St. 
Louis work, I feel that his general propo- 
sition to regard to the uncertainty of 
much coal sampling is well sustained. His 
conclusions as to the amount of sample 
necessary in order to obtain a representa- 
tive sample are of great interest. How- 
ever, I do not feel that the difficulties are 
quite as great as his experiments would 
lead one to conclude. 


Tuincs IMPORTANT TO CONSIDER 


Two things are important to consider: 
In the first place, in crushing coal a large 
proportion of fine material is produced so 
that the average size of particle is but 
little more than one-half of the maximum 
size and therefore results on the distribu- 
tion of the maximum size pieces greatly 
exaggerate the difficulties. I recently took 
four samples of screened coal, and had 
them put through a jaw crusher and 
screened. 

In No. 1, 8.8 per cent. was retained by 
a %-inch screen and 56.4 per cent. passed 
a %-inch screen.- This sample of coal 
was sampled in duplicate at this stage of 
crushing, portions of coal of about 5 
‘pounds were taken. The two 5-pound 
portions were each separately pulverized, 
mixed and analyzed. The first portion 
gave 13.86 per cent. ash and the second 
portion 13.56. A similar experiment on 
a second sample of coal gave 16.3 over a 
¥2-inch screen and 46.65 per cent. through 
a '4-inch screen. The ash in the first sam- 
ple, 14.50; in the second sample, 14.49. A 
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third sample of coal gave 7.3 per cent. 
over a Y%-inch screen and 48.3 per cent. 
through a %-inch screen. The ash in the 
first sample was 15.11; in the second sam- 
ple 15.10. In two of these samples the 
percentage of ash in the finer portion was 
considerably greater than the percentage 
of ash in the coarser portion. 

Of course, these results are too few in 
number to amount to anything, but they 
show that the finer material is in sufficient 
proportion to diminish the irregularity 
introduced by the bad distribution of the 
coarser lumps in the sample. 

A further point in coal sampling which 
has to be considered is that in the larger 
sizes there is a natural mixture in the ma- 
terial of the slate and coal, so that 4-inch 
lump coal does not represent a mixture of 
4-inch lumps of coal and 4-inch lumps of 
slate to any appreciable percentage of the 
ash present. In other words, the inspec- 
tion element must enter coal sampling, 
and no man would draw a moderate-sized 
sample of a coal in which he has a large 
percentage of lumps of slate as large as 
the lumps of coal, while the occasional 
presence of even a large lump of slate 
would have but little influence on the ash 
percentage of the resulting sample. 


Mr. Bailey gives what he names the. 


size-weight ratio or the relation between 
the maximum sized piece of coal in the 
sample and the weight of coal necessary 
to take in order that the sample may be 
certainly representative within an error 
of 1 per cent. of ash. 

Now his figures lead to very large sam- 
ples in cases of lump coal, but the fore- 
going indicates that the size ratio should 
probably be that of the maximum slate 
sizes present in the coal lumps, or free, 
rather than the actual coal lump size. The 
moderate variations in the ash percentage 
of the different lumps would have far less 
influence in disturbing sampling than the 
presence of equivalent-sized lumps of 
slate. 

Obviously, therefore, careful inspection 
must precede the sampling in the case of 
lump coal and the presence of large 
pieces of slate and pyrites in lumps in the 
coal taken into consideration in determin- 
ing the size of sample necessary in order 
properly to sample the coal. 

I have always directed samplers to in- 
spect the coal carefully and break up into 
small pieces any lumps of slate, bone coal 
or pyrites found, or anything else that did 
not look like coal, before taking or divid- 
ing the sample. 

Of course, it is well known that no sys- 
tem of sampling which is purely mechani- 
cal is satisfactory for materials in which 
coarse distribution of the components 
exists, unless the whole of the material 
is crushed to approximately such limits as 
are defined by Mr. Bailey. This is the 
principle involved in the sampling of lead 
and copper, gold and silver ores, where 
the system of sampling involves the crush- 
ing of many tons of material. 
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system of sampling is, of course, out of 
the question with lump coals where the 
crushed material would be to a certain ex- 
tent rendered of small value. The system 
of sampling adopted in this case must be 
based on an estimate of the maximum 
size of slate and pyrites, constituting an 
important portion of the impurities. 

The difficulty of eliminating the per- 
sonal element in doing such sampling is 
one of the problems which the committee 
on specifications will have to contend with. 
Meanwhile, the sampling problem is be- 
fore us and must be adequately solved be- 
fore the laboratory analysis of the coal 
reaches its full application. 

The preparation of the laboratory sam- 
ple from the field sample is a much more 
simple matter and is easily within the 
reach of the present methods. One of the 
principal difficulties involved at this point 
is the avoiding of changes in the com. 
position of the sample due to loss of 
moisture and to oxidation. I notice in 
many experiments the coal is ground to 
100 mesh or even 200 before analysis. I 
think this is a step in the wrong direction. 
The finer the powder the more prone to 
oxidation and loss of moisture, and I 
think the effort of the sampler should be 
to determine a lower limit for Mr. 
Bailey’s “size-weight ratio” as well as a 
higher, ard not to reduce the sample 
beyond this point, before weighing out. 

We have considered that a 60-mesh 
sample will meet the ordinary require- 
ments where I gram is taken for the de- 
termination, which is within Mr. Bailey’s 
figures as I understand them. 





Saving by Punfying Water 





In a plant containing eleven horizontal 
return-tubular boilers, each rated at 80 
horsepower and said to be generating 
altogether 1600 horsepower, a_ water- 
softening system in connection with an 
open heater using exhaust steam was in- 
stalled. Previous to the installation each 
boiler was cleaned once every four wecks, 
the operation requiring the services or 
attendance of six men. With the purify- 
ing system at work each boiler is cleaned 
once in every. eleven weeks, the operation 
being performed by one man in a very 
short time. No hard scale forms in the 
boilers and only a very slight amount of 
sludge is gathered. The amount of soda 
ash used is about 11 pounds per day, 
which is about equal to the amount of 
sulphate present in the water. 


A concise way of stating the value of 
exhaust steam is that every six pounds 
of it is worth as much as one pound of 
coal, plus fireman’s wages, plus interest 
and depreciation on boiler plant, plus six 
pounds of pure boiler-feed water. That 
is, provided you want the steam for heat- 


Such a -ing, drying or similar purposes. 
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‘The Status of the Wave Motor 





By James T. BARKELEW 





Now that there is a comparative lull in 
the production of new designs and ideas for 
wave motors, it is well, perhaps, to make 
a resumé of the different forms and their 
relative effectiveness before taking further 
steps in the actual reduction to practice 
of the theories already advanced, and to 
lay, out the probable conditions under 
which it is possible that the wave motor 
may become a commercial success. 

In general, inventors have approached 
the problem with the single notion that 
there is unlimited power in the waves 
awaiting utilization, and the result has 
been a motley array of devices which take 
up the motion of the waves and transform 
it, in some method or another, into a 
power of practical utility, generally elec- 
trical. All this has been done without 
any thought of efficiency, but with the 
sole idea that, as there is unlimited power, 
a device of any character would take up a 
sufficient amount to raise the designer to 
opulence. After numerous trials of vari- 
ous machines it has been found that the 
results do not come up to expectations, 
in the majority of cases the market price 
of the power produced not equaling the 
interest on the capital invested, and being 
more than offset by the maintenance cost. 
It is true that some devices have excelled 
others in efficiency and are also less sus- 
ceptible of destruction by storms, but even 
with these better machines the returns 
have not seemed to be large enough for 
the investment demanded. 


MAXIMUM AVERAGE ENERGY IN WAVE 
MorTIoNn 


It is the purpose of this article to in- 
vestigate the basis on which the profit- 
paying chances of the present motor rest, 
and to point out, if possible, the line of 
advancement to the future successful ma- 
chine. The first step will be to ascertain 
the maximum average energy in wave 
motion at accessible and practical locali- 
ties, where the power produced may be 
marketed without excessive costs over 
that of initial production. For this pur- 
pose a simple and easily understood for- 
mula will be deduced and then maximum 
average values applied. 

Referring to Fig. 1, which represents a 
greatly exaggerated contour of a wave 
from crest to crest, we will be able to 
deduce a simple formula for the total 
power, sufficiently accurate for the pur- 
pose of this paper. Deductions which 
take into account the theoretically exact 
trochoidal form of the wave give a re- 
sulting equation different in form from 
the following, but the numerical calcula- 
tions of the different formulas will check 
fairly closely. The superiority of the 


simpler formula is that its derivation can 
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be easily reasoned out and the logic of its 
being perceived without the aid of higher 
mathematics. . 

Let L represent the length of the wave 
from crest to crest, D the depth from 
crest to trough, and C a constant de- 
pending upon the configuration of the 


wave. Then the weight of water in a sin- 
gle wave, the shaded portion in Fig. 2, a 
foot wide, is, 


62.35 DL 


w= C (1) 














H Power, N.Y. 
FIG. I. EXAGGERATED CONTOUR OF WAVE FROM 


CREST TO CREST 


In long waves the contour approaches the 
dotted lines in Fig. 1 and the value of C 
approaches 2, the area of the shaded por- 
tion on the diagram being nearly that of 
a triangle whose base is L and altitude D, 
so that the formula may be written: 


Wy = 3618 DL. (2) 
It will readily be observed that every 
particle of water on the contour of the 
wave must at one phase of its motion be 
at the top of the crest, and in the opposite 
phase be at the bottom of the trough. 
This is true of the surface water, but the 
vertical movement of the particles below 
is not so great, diminishing to zero at a 
plane just under the surface. The aver- 


and 





: D 
age motion may be taken at “eae 


the total energy for a single wave a foot 
wide may be expressed, 


— ue 8 


foot-pounds. (3) 


Then, if N be the number of waves per, 
minute, the total power of regularly suc- 
ceeding waves will be: 
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FIG. 2. THE SHORT FLOAT 
3 
HP.= 1.18. DP LN (4) 
2 X 33,000 


al) the dimensions being in feet. 

To strike a high average the number of 
waves will be taken at four per minute, 
the distance between them, 300 feet, and 
the depth as 6 feet. These are figures 
well over the average for fair weather. 
In reality, waves of this size do not suc- 
ceed regularly, there usually being a short 
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succession of large waves followed by a 
longer succession of smaller ones. It is 
not just to take into account the storm 
figures, as it is impossible to use the 
energy of the waves at that time to any 
advantage. With these figures the actual 
horsepower per foot breast of waves be- 
comes: 


31.18 X 36 X 300 X 4 
33,000 X 2 


H.P.= 





= 20.5, (5) 


or approximately 20 horsepower per foot 
of width. In favored localities conditions 
may be found which will average at the 
above power, but on the larger part of 
our coast line this amount of power is 
not available. As this amount is possible, 
however, it will be taken as the basis of 
the following: 


Wave Motors DEPENDING ON HorIZONTAL 
MortTIon 


Having determined to fair accuracy the 
amount of available power, the next step 
is to ascertain, if possible, the proportion 
which may be absorbed by the different 
classes of wave motor. These may be 
divided broadly into those utilizing the 
vertical movement of the water and those 
depending for their motion on the hori- 
zontal motion of the surface water or of 
the breakers on the beach. In regard to 
the latter class it may be noted that the 
energy of the horizontal motion is always 
a small fraction of the total energy. In 
the case of the movement of the surface 
water, the layer in which slow movement 
takes place is very thin and the propor- 
tionate amount of energy is consequently 
very small. This fact reduces the availa- 
ble amount of power to an extremely 
small per cent., so that a motor built to 
utilize this form of energy is necessarily 
inefficient. And there is usually a farther 
limitation in the motor itself, in that some 
portion of the power receiving member is 
always submerged in water which does 
not partake of the horizontal movement, 
the free motion of the member being thus 
greatly impeded and its transmitted power 
cut down. 

This action alone probably reduces the 
power available from a horizontal-move- 
ment motor to the extent of 50 per 
cent., and it is consequently doubt- 
ful whether the output is equal to 5 
cent. of the total energy of the waves 
The other form of  horizontal-move- 
ment motor probably gives better results 
from an efficiency standpoint, but the im 
pulses from the breakers are more spas 
modic and the energy therefore more diffi- 
cult to handle. Moreover the total energ) 
available from a breaker is only a part of 
the energy of the wave forming th 
breaker, as a large part of the movement 
is taken up by the cause of the breaking, 
the contact with the sloping shore. Als: 
the falling of the water from the crest 0! 
the breaker effectually removes a large 
amount of energy. For these reasons th: 
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al efficiency of the horizontal-movement 

»otor is singularly small, being much 
wer than that possible with the vertical- 
iovement machine. 


foroR UTILIZING VERTICAL MOVEMENT OF 
WATER 


Coming now to the vertical-movement 
tvpe, it may be taken that about 75 per 
cent. of the total energy is available in 
the vertical movement of the water. The 
proportion available in this direction is 
far above that on any other direction, and 
consequently motors built to utilize this 
movement have more chances of success 
than others. However, there are limiting 
circumstances which prevent the present 
devices from utilizing but a diminutive 
fraction of the energy, these circumstances 
residing mainly in the inherent principles 
and construction of the motors. With a 
device showing a respectable efficiency, it 
is possible to finally utilize about 50 per 
cent. of the available power, about 37 per 
cent. of the total, or about 7% horsepower 
per foot of breadth on the basis of the 
previous calculations. Even this possible 
figure is high, as there are several dis- 
tinct losses in transforming the energy 
into a practical form suitable for trans- 
mission. In the usual case electrical 
energy is the final product and its pro- 
duction involves three transformations. 
The first is mechanical, being the con- 
version of the irregular motion of the 
waves into a reciprocating or a rotary 
motion. Striking an average, this means 
the loss of approximately 25 per cent., 
assuming that all of the energy of the 
waves is taken up by the floats or other 
members. The next operation is one of 
storing the energy in such a manner that 
it may be used regularly. In the typical 
instance the operation consists in pump- 
ing water into a reservoir under pressure, 
a loss of another 15 per cent. under the 
best conditions obtainable. The final step 
is that of converting the water pressure 
into electrical energy. On the water- 
motor side of this step the average loss 
will be at least 15 per cent. and on the 
electrical side about 10 per cent. The 
total loss in such a system would then 
figure approximately 51 per cent., or, say 
50 per cent. 

The previous figure of 714 horsepower 
per foot breast of wave is based on a float 
or other device which will absorb from 
the waves their full energy. Even with 
what might be termed a perfect device, 
this is not possible, the loss even then be- 
ing at least 10 per cent. on account of 
mechanical limitations. If all the power 
were absorbed it is evident that the waves 
would be perfectly leveled out and that 
the last part of the power would be taken 
on an infinitesimally small movement. 
Practically, this is impossible and the 
average efficiency of such a device would 
be around 90 per cent., or the final horse- 
power in electrical energy produced would 
be 6.75. At this figure it would probably 
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be profitable ‘to produce and sell power at 
the prevailing rates, but.this naturally de- 
pends to a great extent on the capital re- 
quired for installing the plant. 


EFFICIENCY OF THE FLOAT 


The next point in question is that con- 
cerning the efficiency of the float or the 
device for taking up the energy of the 
waves. In all of the devices so far pro- 
duced, these parts have been remarkably 
inefficient, being merely more or less 
buoyant objects moved by the waves and 
absorbing in most cases an inappreciable 
portion of their power. In some instances, 
however, a genuine attempt has been made 
to increase the efficiency by adding special 
devices to the float, and it is with this 
class the following will deal: 

Referring to Fig. 2, where an exagger- 
ated crest of a wave form is shown, the 
following will deal with possible and 
average float efficiencies. In Fig. 2 a 
comparatively short float is represented 














Power, N.¥, 
FIG. 3. LONG FLOAT 
floating on the crest, while in Fig. 3 a 
longer float is illustrated. In Fig. 2 the 
stroke of the float is approximately the 
distance S$, and the power derived de- 
pends directly on this distance and the 
buoyancy of the float, or the weight of 
water displaced. In Fig. 3 the larger float 
is shown in full lines as having the same 
stroke S, and consequently displacing the 
same amount of water, riding equally high 
in the water as the smaller float. Its 
length is therefore useless, unless it is 
sunk to such a position as shown in dotted 
lines with a corresponding stroke S’. But 
the displacement has been increased and 
this increase has practically been propor- 
tional to the square of the decrease of the 
stroke, so that the energy available from 
the float increases directly as the stroke 
diminishes. 

If this were the only condition imposed 
it is evident that by increasing the length 
of the float to equal that of a complete 
wave and sinking it so that it had its 
maximum buoyancy, the maximum power 
would be obtained. But there are condi- 
tions which prevent this being true. Look- 
ing again at Fig. 1, where the longer 
float is shown in the trough of the wave, 
it is seen that it does not sink to the same 
depth as the shorter float would, so that, 
by increasing the length of the float, we 
decrease the stroke from below as well as 
from above. Taking this factor into ac- 
count for the shortest average wave 
lengths on which the float is designed to 
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ride, the effectual length of the float wilP 
be reduced to approximately one-quarter 
of the wave length. Other considerations 
of a purely mechanical nature usually re- 
duce the size farther to a fraction of this 
quarter length, a float of any considerable 
size being extremely unmanageable at sea, 
especially when in working - connection 
with some fixed structure. 

Taking the quarter length for the pur- 
pose of calculation, it is seen that only 
one-quarter of the wave energy is pos- 
sible of absorption, as the float only comes 
into contact with and is operated by, one- 
quarter of the water in a single wave. On 
this basis the final power available is 
6.75 + 4, or 1.69 horsepower per foot breast. 
A float of, say, 20 feet breast would then 
afford 33.80 horsepower, a float of this 
size being fairly typical and amply large 
to be difficult to manage in storm con- 
ditions. 


Cost oF INSTALLATION AND UPKEEP 


The cost of installation and upkeep of 
such a device and the 2ttendant mechan- 
isms for transforming the power is varia- 
ble with the style and extent of the ma- 
chinery used. Calculating, however, on 
the formerly outlined plan, an approxi- 
mate result can be obtained which is in- 
structive. In the first instance the cost 
of the float and anchorage in the most in- 
expensive system known to the writer will 
average a minimum of $1000 per unit, this 
figure presuming the construction of a 
large number of units to aggregate about 
10,000 horsepower. Reducing this to cost 
per horsepower, the outlay is $30.50. The 
next cost is that of running gear for con- 
nection with the fluid-pumping machinery. 
This may be reduced as low as $10 per 
liorsepower, depending upon the design of 
the float and its relation to the pump. 
The pumping-machinery cost will average 
approximately $100 per horsepower, in- 
cluding piping, etc. The reservoir cost is 
so extremely variable that it is difficult to 
make a fair estimate. In the majority of 
cases, and it seems to be the most prac- 
tical, water is the fluid used to store up 
the energy and it is pumped to a reser- 
voir on the nearest and most suitable 
shore. Taking a fair average at a head of 
100 feet and under favorable conditions 
as to location, an estimate might be placed 
at $20 per horsepower, allowing sufficient 
impounded water for twenty-four hours’ 
run. The cost of electrical installation 
with water power would average around 
$50 per horsepower. 

The sum of these minimum figures 
gives a total outlay of $210.50 per horse- 
power, but it must not be assumed that 
there has been a complete, commercial- 
sized installation built at a figure at all 
approaching this. Having in mind again 
the 10,000 horsepower installation, it is 
fair to presume that the care taking and 
small repairs will run above $10 per horse- 
power-year, and that the deterioration will 
be about 10 per cent. Tabulating all these 
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factors, together with a possible return of 
$35 per horsepower-year, the following 
totals are obtained: 


Interest on $210.50 at 6% ...... $12.63 

Caretaking, OC... ..ccccccccccoce 10.00 

pee 21.05 

IE BI oe ok. .6 50506255. cadens $35 00 
MI harokb hers enc ee saxsacasame $43.68 06 


This leaves a balance of $9, in round 
figures, per horsepower-year on the wrong 
side of the account. Allowances have 
been made in favor of the motor at every 
step of its construction and operation, so 
that, although the above figures probably 
do not represent a possible installation, 
they give a fair idea of what the average 
motor lacks in the direction of making 
financial returns. 

Reverting again to the consideration of 
a float or other device which will absorb 
a large proportion of the wave energy, it 
will be assumed as before that a total of 
6.75 horsepower per foot breast may be 
finally produced in electrical energy. This 
increase in efficiency over the above-tabu- 
lated figures would lead to the following 
possible results: 


Anchorage cost per H.P. ................. $5 
Connection to pump per H.P.... .. .... 5 
Pumps peor E.P. .... 200... sceee penises 75 
TROMOE TORE DOR TED. o.c:esicisine cscs cv cicses eves 10 
Electric installation per H.P............. 50 

. Rey Petnps rater ne tee aoa es Scherer 


These figures are again minimum, as every 
previous figure is cut with the exception 
of the electric installation. This would 
not be reduced, as it was supposed for 
the first figures that there would be a sin- 
gle electric plant for a large number of 
motor units. Again tabulating the ex- 
pense and income, a small balance is ob- 
tained on the profit side of the account: 





Interest on $145 at 6%.......... $ 8.70 
Caretaking, etc. ...... 8.00 
WOURTIOTRTIOR soo... 0ciscccccices.s FE 
III 60) <htatnk eeaerneaxe $35.00 
MN cco eins a5-tccawnwenos $31.20 $35.00 
This gives a profit of $3.80 over 


all expenses. Thus, even with everything 
in its favor, it is doubtful whether the 
motor in its most highly efficient form 
would be a dividend-paying investment. 

At any rate, until there appears a float 
or barge device which will absorb a fairly 
large per cent. of the energy of the waves, 
it is evidently impossible to deliver enough 
power to place the motor on a paying 
basis. Until this device appears it seems 
that the wave motor must remain unde- 
veloped. If such a device is produced, it 
will probably be devised by someone who 
has made a scientific investigation of the 
facts in the case and has experimented 
with and tested the actual efficiency of 
models of machines growing out of his 
investigations. 
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Heat Transmission Through Pipes 
and Tanks 





By F. E. MatTrHEews 





Given two rooms of the same dimen- 
sions and insulation, one cooled by a 
brine pan of a given cubical capacity and 
the other by coils of 2-inch pipe of the 
same capacity. The brine is circulated 
through the pan and pipes at a tempera- 
ture of 10 degrees Fahrenheit during the 
day, but the brine pump is shut down at 
night and the rooms are refrigerated only 
by the rise in temperature of the brine 
(about 200 cubic feet) in the pan or 
coils, respectively. 

Will the cooling devices be equally 
efficient? Will they both perform the 
same amount of work in a given time? 
Will the brine temperature in each be the 
same in the morning? 

Heat transmission per square foot of 
surface from still air through a given 
thickness of iron to still brine should 
be the same in all cases where the tem- 
peratures of the air and brine are 
the same, or where the difference in 
temperature between the air and _ the 
brine is the same. Whether the heat 
transmission in a given time and subse- 
quently the rise in temperature of the 
brine in the case in question will be the 
same, will depend directly on whether or 
not the two heat-absorbing devices pre- 
sent the same amount of heat-absorbing 
surface to the air to be cooled. This is 
on the assumption that all other condi- 
tions such as difference in temperature, 
direction and velocity of the air travel- 
ing over the heat-absorbing surfaces, and 
the resistance to the passage of heat 
offered by the heat-absorbing surface 
(which depends on material, thickness 
and structure) be the same. 

In the case in question the kind of 
material, iron, of which the devices are 
constructed, is the same; the thickness 
of the material is slightly different, but 
this difference probably need not be con- 
sidered provided the surfaces are not 
coated with ice, or are coated with ice 
of the same thickness and density. The 
velocity of the travel of the air over 
the heat-absorbing surfaces may be as- 
sumed to be about the same if the 
pipe coils occupy about the same space 
and same relative position in the room as 
the pan. The direction of travel of the 
air as regards the heat-absorbing surfaces 
will probably be a little more favorable 
in the case of the pipe coils, but this fac- 
tor may also be ignored without any 
great error. 

On the assumption, then, that all of the 
conditions are practically the same ex- 
cept the area of the surface exposed, it 
may be stated that the heat absorption 
and rise in temperature of the brine in 
the two containing vessels of the same 
volume will be directly proportional to 
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the areas exposed. Except in the case of 
surfaces of the same shape there is no 
fixed geometrical relation between the 
area of the superficial surface and the 
volume. Of the more common forms 
the sphere contains the greatest vol- 
ume within the least surface. Next 
to the sphere comes the cylinder, of which 
a pipe is the best practical example. It 
is farther evident that the ratio of vol- 
ume to superficial area of the pipe may 
be varied by varying the shape of the 
cross-section. The surface of a square 
pipe would be greater than that of a 
cylindrical one containing the same vol- 
ume, and that of a very deep, thin tank 
greater than that of a square pipe. 

It is reasonable to assume in genera] 
a form of brine tank that would be com- 
mercially practical to construct, will have 
less heat-absorbing area per unit of vol- 
ume than a coil of pipe of the same vol- 
ume, and in the present case that the 
heat absorbed, the rise in temperature of 
the brine and subsequently the refrigerat- 
ing capacity of the devices in question 
will be directly proportional to the super- 
ficial surface exposed. A single example 
will suffice. 

A form of tank more or less commonly 
used in refrigerating systems in connec- 
tion with brine circulation, and known as 
a congealing tank, is usually to feet long, 3 
feet deep and 3 inches thick. Such a tank 
would have 66% square feet of surface, 
including the open top, and a volume of 
7.5 cubic feet. 

A cube having the same volume would 
measure 1.957 feet on a side and would 
have 23 square feet of surface, or only 34.5 
per cent. as much as the congealing tank. 

To contain 7.5 cubic feet of brine a 2- 
inch pipe would have to be 322 feet in 
length and would have 201 square feet of 
surface. 

The rate of heat absorption by the 
cubical tank of 7.5 cubic feet capacity, a 
flat congealing tank of the same cubical 
capacity, and a coil of 2-inch pipe of 
sufficient length to contain 7.5 cubic feet 
will be directly proportional to the 23 
square feet, 66.5 square feet and the 201 
square feet, respectively, of heat-absorb- 
ing surface exposed. This rate of 
absorption would continue so long as the 
conditions above defined are kept con- 
stant. It is obvious, however, that when 
the brine pump is shut down the cooling 
device having the greater area will absorb 
heat so much more rapidly that the brine 
contained will soon become much warmer 
than that in the other vessels, and as 
there is a lesser difference in temperature 
between the brine and the outside air, the 
heat absorption per square foot will be 
reduced, which would tend, but never 
allow, the brine temperatures in the other 
receptacles to become quite the same ex- 
cept in the limiting case in which the 
brine finally becomes as warm as the 
room and heat absorption accordingly 
ceases. 
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Reversing Direct-Current Machines 


The Effect of 
the Change of 


Reversing the Residual Magnetism of a Generator, and 
Connection Necessary When Running as a Motor 





| ee 2 


In solving problems concerning the re- 
versal of polarity, or of rotation, of direct- 
current machines, certain principles can be 
used to advantage. It is the purpose of 
this article to show the application of 
some rules for studying these problems, 
including the problem of the behavior of 
the same machine as a motor and as a 
generator. 

Rule 1—If the current through all of 


<A B—> 





Load 
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FIG. I. SHUNT-WOUND GENERATOR 
the field windings of a machine is re- 
versed, the field magnetism is reversed. 
In a machine containing only one field 
winding, such as a shunt-wound or series- 
wound machine, reversing the current 
through this one winding reverses the 
magnetism, but in a machine with more 
than one field winding, such as a com- 
pound-wound generator, the field mag- 
netism depends on the current in all of 
the field windings, and reversal of éurrent 
in one of them may reverse the field mag- 
netism or may merely change its strength. 

When there is no current in the field 
windings there is generally some residual 
magnetism present. For convenience in 
discussing such magnetism, its direction 
will be referred to as corresponding to 
that direction of field current which would 
produce it. 

Rule 2—Reversal of the field magnetism 
reverses the electromotive force generated 


rs 


by the armature if the direction of rota- 
tion is unchanged. 

Rule 3—Reversal of the direction of 
rotation reverses the electromotive force 
generated by the armature if the direc- 
tion of the field magnetism remains the 
same. 


REVERSING RESIDUAL MAGNETISM 


The effect of reversing the residual 
magnetism of a generator is the first prob- 
lem to which these rules will be applied. 
The discussion applies both to the shunt- 
wound generator, Fig. 1, and to the series- 
wound generator, Fig. 2. 

For a certain direction of rotation L, 
let P be the direction of the generated 
electromotive force when the field mag- 
netism corresponds to current in the di- 
rection A. According to rule 2, reversal 
of the field magnetism reverses the gener- 
ated electromotive force, and consequently 
if the residual magnetism corresponds to 
current in the direction B, the generated 
electromotive force is in the direction Q. 
Does it make any difference whether the 
field winding is connected to the brushes 
according to the lines fF F or according 
to the lines GG? First, suppose that the 
connections F F are employed. When the 
residual magnetism corresponds to A, 
the generated electromotive force P forces 
current through the fields in the direction 


A, which is the proper direction for 
strengthening the magnetism. If the 
residual magnetism is in the direction 


corresponding to B, the generated electro- 
motive force Q drives current through 
the fields in the direction B, which is still 
the direction of field current required for 
strengthening the magnetism. 

Now change the field connections to 
GG. If the residual magnetism corre- 
sponds to A, then the generated electro- 
motive force P drives current through the 
fields in the direction B, thereby weak- 
ening the magnetism. With the residual 
magnetism corresponding to B, the gener- 
ated electromotive force O still sends 
through the field windings a _ current 
which opposes the residual magnetism. 
From this it is evident that the machine 
cannot build up with the connections be- 
tween the brushes and the field windings 
according to GG, for, whatever the direc- 
tion of the residual magnetism, the gener- 
ated current weakens it, whereas, with 
the connections FF the generated cur- 
rent tends to increase the magnetism, 
whatever its direction, thereby causing 
the machine to build up. Of course, 
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even with the correct connections there 
are many causes which may keep the ma- 
chine from building up. 

It is seen, therefore, that the same con- 
nections are required between the fields 
and the brushes for either direction of 
residual magnetism, but that with residual 
corresponding to A the generatéd electro- 
motive force is P, and with the residual 
corresponding to B, the generated electro- 
motive force is QO. Reversal of the resid- 
ual magnetism, therefore, reverses the 
direction of the electromotive force gener- 
ated by the machine. 

Now let the direction of rotation be 
changed to M and the residual magnetism 
correspond to current A. The generated 
electromotive force has now the direction 
QO, instead of P, according to rule 3. 
With the connections FF the current 
supplied by the armature. reduces the 
residual magnetism, but with the connec- 


tions GG it assists it. Similar reasoning 
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FIG. 2. SERIES-WOUND GENERATOR 

with the residual corresponding to B 
shows that the connections GG are those 
required for building up. This shows 
that, if the direction of rotation be re- 
versed, it is necessary to reverse the con- 
nections between the fields and brushes. 
It may be remarked here that to shift 
the brushes through an angle equal to the 
angular distance between adjacent poles 
has the same effect as transposing the 
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wires connected to the brush holders. The 
actual angle through which the brushes 
should be shifted, if it is desired to change 
the direction of rotation without discon- 
necting the wires connected to the brush 
holders, is in most cases slightly greater 
or less than the angular distance between 
adjacent poles, so as to give the brushes 
the proper lead for the reversed direction 
of rotation. 

These principles also apply to a com- 
pound-wound machine, Fig. 3, but here 
there are two branches through which the 
generated current flows. The direction of 
magnetism which the generated current 
tends to produce should be the same for 
each of these branches. If this is the case 
with the connections F F, it is also the 
case with GG, since reversal of the con- 
nections at this point reverses the cur- 
rent in both windings. If, however, the 
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FIG, 3. COMPOUND-WOUND GENERATOR 


fields be disconnected either at the points 
CC or DD and transposed, their mag- 
netizing tendencies oppose one another 
when the generated current passes through 
them. Even though the two field wind- 
ings both tend to magnetize the fields in 
the same direction, that direction may be 
such as to destroy the residual magnetism, 
just as was seen to be the case with a ma- 
chine having a single field winding. 


GENERATOR AS MorTorR 


In studying the behavior of a machine 
as generator and as motor a fourth rule 
must be added to the three preceding. 

Rule 4—When a machine acts as a 
motor, it generates an electromotive force, 
known as the counter electromotive force, 
which opposes, but is less than, the electro- 
motive force applied to the brushes. 
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Fig. 4 represents the same machine as 


Fig. 1, with the fields connected accord- 
ing to / F. Supply current to the ma- 
chine from a source of power, as shown. 
This 
winding in the direction A, and through 
the’ armature in the direction Q. The 
counter electromotive force must oppose 
the electromotive force applied to the 


sends current through the field 
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SHUNT MACHINE AS MOTOR 


FIG. 4. 
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FIG. 5. SERIES MACHINE AS MOTOR 

brushes, and hence have the direction P. 
But, as generator, with field current in 
the direction A, and connections as shown, 
the armature rotates in the direction L 
when producing this electromotive force. 
This is the same direction of rotation that 
the machine must have in order to gener- 
ate. A shunt machine, therefore, acting 
as a motor, has that direction of rotation 
with which it must be driven in order to 
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generate, supposing that the connections 
remain unchanged. 

Fig. 5 shows the same machine as Fig. 
2, connected according to FF. Pass 
current through the machine from a 
source of power in the direction A. The 
motor must run so that its generated elec- 
tromotive force opposes the electromotive 
force of the source of power, that is, the 
counter-electromotive force must have the 
direction Q. To produce a counter elec- 
tromotive force in the direction Q when 
the field current is in the direction A re- 
quires that the armature rotate in the di- 
rection M, which is opposite to the direc- 
tion L in which the machine must be 
driven in order to generate. A series ma- 
chine, therefore, operates as a motor with 
the direction of rotation opposite to that 
in which it must be driven in order to 


generate. 
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FIG. 6. COMPOUND-WOUND DYNAMO AS 
MOTOR 





If the compound-wound generator, Fig. 
3, be connected according to F F and sup- 
plied with current, the state of affairs 
shown in Fig. 6 exists. The two field 
windings oppose each other, giving a 
differentially wound motor, which is now 
seldom used. In a compound-wound 
motor the two fields act together, produc- 
ing a stronger field as the load increases. 
To convert a compound-wound generator 
into a compound-wound motor, it is neces- 
sary to reverse the connections to one of 
the fields; that is, disconnect and trans- 
pose at either CC or DD. A compound 
wound generator has the field windings 
belonging to a series machine and also 
those belonging to a shunt-wound genera- 
tor. As a series machine it would be ex- 
pected to run as a motor and as a genera- 
tor in opposite directions, but as a shunt 
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machine it would be expected to run in 
the same direction in either case. Sup- 
pose that it is desired to run it as a motor 
in the same direction that it runs as a 
eenerator. The shunt winding tends to 
‘ause this, but the series winding tends 
o cause the opposite, and the series is 
accordingly the winding to be reversed. 
When it is desired to have the machine 
run as a motor in the opposite direction 
to that in which it runs as a generator, 
the shunt winding must be reversed. 

To test the connections of a compound- 
wound machine, run it as a motor with 
the shunt field open, keeping sufficient re- 
sistance in the circuit to prevent exces- 
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ric. 7, COMPOUND-WOUND GENERATOR DRIV- 
ING SHUNT MOTOR 


sive current or speed, and note the direc- 
tion of rotation. Next run it as a shunt 
motor, again noting the direction of rota- 
tion. If the machine is connected as a 
‘ompound-wound motor the direction of 
rotation is the same in each case, but if 
is connected as a compound-wound 
cenerator, the two trials produce rotation 
in opposite directions. It should be driven 
‘a generator in the same direction that 
runs as a shunt motor. 


A REVERSAL OF POLARITY 
\ special application of the foregoing 
rinciples is illustrated in the following 
roblem: A compound-wound generator 
had as its only load a shunt motor running 
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light. The shunt- field of the generator 
was opened, after which the motor was 
disconnected. The shunt field of the gen- 
erator was again closed, and the genera- 
tor built up with reversed polarity. Why? 

Fig. 7 shows the connections. Sup- 
pose the original direction of the currents 
in the various circuits was that indicated 
by the arrows A. The motor produces 
a counter electromotive force in the di- 
rection B, almost equal to the electromo- 
tive force of the generator. When the 
shunt field of the generator is opened, its 
electromotive force falls, owing to the 
decrease of field magnetism. The momen- 
tum of the motor armature causes it to 
continue rotating, and its electromotive 
force B excites the motor field in the 
same direction as originally, and also 
backs current through the armature and 
the series fields of the generator in the 
direction C. The generator thereby has 
its magnetism reversed, and when the 
shunt field is again closed this reversal of 
field magnetism causes it to build up with 
reversed polarity. 





Drops of Ink to Make You Think 


By THE INK MANIAC 


Yesterday has gone, today is short, to- 
morrow may never come; so if there is 
any money to save, get busy quick! 


THE ENGINEER BECOMES CHATTY AND 
CONFIDENTIAL 


Say! Have you read that book of An- 
drew Carnegie’s yet? Well, it’s called the 
“Empire of Business,” and it’s all right! 
All the way through he shows you’ve 
got to save money! I guess “Andy” knows 
what he’s talking about when he says, “Be 
thrifty.” Why, out there at Gary, Ind., 
in the new steel plant, the gas from the 
blast furnaces—gas such as for fifty years 
they used to manufacture Pittsburg’s 
famous atmosphere with—is now ll 
saved, every bit of it, and all the big 
machinery and electric lights are run from 
this gas. They get 500,000 horsepower 
right along, and they say they don’t have 
to buy coal for power. It’s pretty near 
like getting something for nothing, ain’t 
it? Of course, they have to put in a dust 
catcher and washing machines, so the gas 
won't spoil the machinery, but the fellow 
that won’t spend a hundred dollars when 
it will save him fifty dollars a year is 
about ready for the pile, in my 
opinion, when it comes to knowing what 
the word investment means. 


scrap 


Tue By-propucts oF Pic 
Maybe old man Armour didn’t invest 
some money out there in South Chicago 
for machinery and brains, too! Why now, 
they tell me, they’ve got the “by-products 


of pig” down to such a fine point that for 
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every ton of hogs they buy they sell a 
ton and a tenth, counting the wrappings! 

And I guess John D. is pretty wise to 
this saving game, all right. They used to 
pump petroleum, get some gasolene and 
coal oil out of it, and throw the rest 
away. But nowadays the old chemists dig 
down in their queer old laboratories, and 
then we hear of a new “vaseline” on the 
market, or a “non-fluid oil,” or a new axle 
grease. And so it goes every year, more 
and more usefulness out of the same old 
stuff that we ordinary folks thought didn’t 
contain anything new at all. 


EXPLANATION OF “By-propUCT”’ 

Whether we read about a chemist fel- 
low, or the expert butcher, or the steel 
men that save money, they always use the 
term “by-product.” Now, that sounds kind 
o’ swell and dignified, but I guess it’s all 
right when think about it. “By” 
really means “on the side,” or extra. Just 
like when you order roast beef, and the 
waitress hollers: “Potatoes on the side,” 
why get them for nothing. So 
“by-product,” when you boil it down, just 
means that you get something where you 
used to get nothing, ’cause you had been 
throwing it away. 


you 


you 


THe ENGINEER’S CONFESSION 

Now, I’ve been interested in this kind 
of business lately. You know yourself 
that I’ve been an engineer on land and 
sea for twenty years, and I can keep an 
engine room slick and clean, without a 
pound anywhere; and I’m pretty wise to 
indicators and things, and the electrical 
game, too. Well, last spring I got a jolt 
that hurt my feelings for a little while. 
You know, when you jog along regular, 
and things go smooth, and the boss gives 
you a segar now and then, why you sort 
of feel your oats—I guess some folks 
would say you get to be a big frog in a 
little puddle. That’s the way I was last 
spring. But I’ve changed. I know now 
that a little frog in a big puddle is a whole 
lot better off than a big frog in a little 
puddle. A little frog not only has room 
to grow, willing and dead 
anxious to, so as to learn the stunts he 
sees the big fellows doing around him. 
The big frog can’t hardly turn around in 
his little puddle. Well, anyhow, no mat- 
ter how good we are, there’s always some- 
one a little better. 


but he is 


SomME EYE-OPENERS 

Well, the boss brought in some outside 
fellows to save money in my engine room. 
Honest, I didn’t think they could do it, 
but now I’m glad I kept my face shut 
and my eyes open, because I learned a 
lot of things. Those fellows were a funny 
combination. One of them was a talker, 
and he got the boss interested first. An- 
other was a tall fellow with small hands 
and I couldn’t see that he looked any dif- 
ferent from a college professor. A third 
was real husky, with a fist like a Cali- 
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fornia, ham and, say, I'll bet he never 
wasted any of his time, any more than I 
have, sitting around with the manicure 
maids holding on to his hand. 

I knew right off that he was a practical 
man, but I didn’t believe him when he 
said the tall fellow was practical, too; at 
“ least, not at first. Well, this is what 
these fellows did: One day they came 
in, after I had got pretty well acquainted 
with them, and we made some changes in 
the firebox. The next day our regular 
coal truck didn’t come but, instead, a new 
dealer dumped in a lot of dirt, at least 
that’s what it looked like. They told me 
it was a dollar and three-quarters a ton 
cheaper than what we had been burning. 
I had always believed in buying the best 
coal on the principle that the best is none 
too good, and I didn’t believe that that 
stuff would burn at all. But one of the 
men stayed with me for a couple of hours 
and showed me how it ought to be fired, 
and she held the pressure all right, and 
carried the load right through the even- 
ing peak without a bit of trouble. 


WHERE THE SAVING CAME IN 


Then I began to get interested, and 
wondered how many tons would be 
needed. I had always supposed that when 
you used cheap stuff you had to use so 
much more of it that it would make up 
for the low price. So it certainly was an 
eye-opener to me when we found that it 
didn’t take a bit more of this new stuff 
every day than we used to use. And 
then I was pleased to find that although 
it looked like dirt, it really made less ashes 
by a third than I used to be getting with 
regular coal. When I got to figuring on 
this, I could easy see why the boss got 
interested, because we burn about ten tons 
a day most of the year, and $17.50 a day 
saved amounts to over $5000 a year! 

And then something happened that I 
was mighty glad about. I had often told 
the boss that he could save a good deal 
of money on the water bill if he would 
save the condenser water from the re- 
frigerating plant. But the boss was kind 
of “leary” about spending three or four 
hundred dollars on my sayso. These fel- 
lows were able to show him figures from 
other buildings, I suppose, and the boss 
said: “Go ahead and fix it up.” Well, 
sir, it turned out even better than I 
thought it would, because the water bill 
is really $200 less a month than it used 
to be during the same season of the year, 
and that’s about $2400 a year. 

These fellows’ also seem to have a 
pretty good stand-in with some of the 
supply people, because they got us oil 
and ammonia and things like that at lower 
prices than I could ever get ’em for, even 
though the same label was on the can. 

I’m real proud of my plant, now, and 
I’m glad I worked with these fellows in- 
stead of bucking them, because I get part 
of the credit for this $8000 a year that is 
saved. Some of the things that have been 
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done are just what I have been yelling 
for during the last four or five years. So 
I don’t think the consulting engineer is 
such a bad fellow, after alli—that is, when 
he’s got some good practical men with 
him that really know what I’m up against 
down here and who help me to make 
good. And the boss is so well pleased 
with everything that he gave me a raise 
the first of the year, and now “the goose 
hangs high.” 





The Garden Variety of Gas 
Engines 





By H. W. Jones 





As a rule, the expression “gas engines” 
conveys nothing to the mind. The writer 
or speaker may mean engines driven by 
gasolene or alcohol or distillate or pro- 
ducer gas or kerosene. This brief article, 
however, relates to gas engines burning 
gas—the kind that you get a bill for each 
month, the kind of bill that causes a man 
to increase his vocabulary, the kind con- 
cerning which each of us has tried in 
vain properly to express his inmost 
thoughts, finding that his mind refuses to 
act and all he can do is to get red in the 
face and pollute the air with his emotions. 

The primary cause of large power-gas 
bills is, in truth, ignorance, in many cases 
equally divided between the user of the 
engine and the maker of the engine. The 
situation reminds me somewhat of the 
statement that “Some Americans are 


‘democrats and some Americans are re- 


publicans, but the Irish stick together and 
get all the offices.” No matter what the 
kind of engine, the gas company gets all 
the money called for by the meters. 

The makers of gas engines are to blame 
in a great measure for exorbitant gas 
bills because they permit people who do 
not and cannot make gas engines to sell 


machines claiming that they are engines, , 


and gas companies are also blamable for 
allowing imitation gas engines to continue 
to drive away their business. The buyer 
is generally the innocent bystander who 
gets the full force of the brick and has 
only refuge in “language.” And if you 
really want to hear language “as she is 
spoke,” drop into the office of the man 
who has purchased one of these so-called 
gas engines at the time he gets his first 
gas bill. It is really quite interesting, as 
well as exciting. I have had this pleas- 
ure and I have wondered how it was pos- 
sible for a man to have so much vitriol 
in his system and _ still live. This is 
especially true when it is that kind of a 
gas engine that “does not need an engi- 
neer to operate it; all you have to do is 
to pour oil on her and start her up.” 
Words are inadequate with me. Not so 
with him. I am sure he used all the words 
there are and he invented several new 
phrases, one of which I am very proud 
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to possess. How is this one: “An in- 
fernal damn piece of misrepresented me- 
chanical iniquity?” 

I struck another one of these cases re- 
cently. On a cold morning at about 9 
o'clock I called at the factory of a man 
who had (or, rather, thought he had) 
bought a gas engine. An ominous calm 
of the kind that precedes a violent storm 
settled down upon me as I entered the 


cffice. The young lady there, knowing 
me, said: “Oh! Mr. Jones, go down 
stairs quick, the engine, the engine 


won’t go, and Mr. Blank (the proprietor) 
is going on something awful!” Hurrying 
down, I saw Mr. Blank at the wheel mak- 
ing a noise like the blowing off of the 
pop safety valve of a locomotive. He was 
surrounded by twelve men—every man on 
the place—and all of them seemed to be 
affected with a very tired feeling. 

When Mr. Blank saw me (he had been 
pulling on the flywheel until he was 
warmed up) he was silent for a few sec- 
onds and I have always wondered whether 
he was thinking what to say, or if he was 
waiting to get breath enough in his per- 
son in order to say it. What he said when 
he got started was much like the noise 
of a giant skyrocket just after it is fully 
ignited. His statements were too explo- 
sive to follow verbatim, but I gathered 
that the entire force had been working 
over the engine since early in the morn- 
ing and that on the previous morning 
three men quit at 10 o’clock because of 
that “infernal damn piece of misrepre- 
sented mechanical iniquity.” 

Before his vocabulary was anywhere 
near exhaustion, Mr. Blank was called 
into the office and I looked over the en- 
gine and found the automatic inlet valve 
stuck. It was not five minutes after we 
got the engine started when he came down 
stairs again and in his hand was the gas 
bill; this was the climax. He was a heavy 
man and had a heavy voice. His face was 
red. His voice was raised to a high pitch. 
His oratory was magnificent, and his ges- 
tures sublime, but his language was, as 
the young lady had said, “something 
awful.” His gas bill was $85 for an 18- 
horsepower engine pulling about 12 horse- 
power continuously, eight hours a day. 
After he had cooled down some he told 
me about it. The salesman had guaran- 
teed that his gas bill would not be over 
$45 per month. 

I persuaded this man to trade off that 
engine in part payment for a 25-horse- 
power real gas engine. He added 5-horse- 
power load on the big engine and his bill 
has exceeded $65 only once since it was 
installed. 

The first engine had 45 pounds com- 
pression; the second had 85 pounds. 

The first engine intake-valve spring was 
too weak and the intake valve opened 
partly on every stroke that the governor 
tried to cut out (hit-and-miss regulation), 
with consequent fuel waste. 

The first engine’s igniter could not be 
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set far enough in advance to ignite the 
mixture properly with so low a com- 
pression. 

The second engine, well, it was a gas 
engine. 

The moral is to find out what a gas 
engine ought to be, but don’t pay too much 
attention to what interested persons tell 
you. I'll just suggest this much: Liberal 
compression and the mechanical construc- 
tion in accordance with this compression 
is one of the greatest factors in economi- 
cal and successful gas-engine operation. 
How much compression? O, 100 pounds, 
and the indicator card should show a 
maximum of about 350 pounds; don’t let 
anybody talk you out of it. But the 
makers must build their engine to stand 
the strain. 

Remember that gas engines are not 
like politicians; we can’t love them for 
the enemies they have made. 





Test of a Six-Ton Jack 


By G. A. Gtick 


The object of this test was to obtain 
the efficiency of a six-ton jack, which in 
this case would be the actual load lifted 
divided by the theoretical load that should 
‘have been lifted, and the quotient multi- 
plied by 100 so as to have the expression 
as a percentage. Since no means of di- 
rectly loading the jack and measuring 
the load were available in the laboratory, 
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A jack lever 1 foot long was used with 
the jack, and the actual pulls required to 
raise or lower the different loads meas- 
ured. From these pulls the theoretical 
loads were calculated, and by means of 
these two loads the efficiency of the jack 
at that load computed. The calculation 
of the theoretical load was as follows: 


P= Pull in pounds at end of lever, 

T = Theoretical load that jack might 
lift were there no losses, 

h = Lead of thread in inches, 


r = Length of lever arm in inches. 


When P, the pull, travels around the jack 
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In the jack used for this test h = 0.333 
inch, r = 12 inches and 
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FIG. I. METHOD OF LOADING JACK 


RESULTS OBTAINED FROM TESTS ON JACK. 


ScrEW AND THIMBLE WITHOUT 


LUBRICANT. 








ScrREW AND! THIMBLE LUBRICATED 
with Harp OIL. 
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FIG. 2. EFFICIENCY CURVES PLOTTED FROM DATA 


an indirect method was resorted to. A 
beam 6 feet long was placed on the jack 
as in Fig. 1. The loads were applied at 
li. The force extended upward by the 
jack at L times its arm, 1 foot, must be 
equal to the force W exerted downward 
times its arm, 6 feet, the moment arms 
being both measured from A, so that 


1L=6 W. 


once and the screw makes one revolu- 
tion, the work done is 


W = 27 r P inch-pounds. 


In turning around once the theoretical 
load T is lifted h inches, so that 


W =h T inch-pounds. 


In either case the work done is the same, 


so that 


Two tests were made on the jack. The 
first in which the threads were thoroughly 
cleaned with gasolene, and the second in 
which the threads were lubricated with 
hard oil. The pulls were taken to screw 
the load up and to screw the load down. 
The data are given in the accompanying 
table. 

From these results the efficiency curves 
of Fig. 2 were plotted, using per cent. 
efficiency as ordinates, and the actual load 
lifted as abscissas. In three of the curves 
the efficiency increases to a certain point 
and then decreases. In the fourth curve 
the efficiency continues to increase, but 
in all probability, if the load had been 
carried to the limit of the jack, this curve 
would also have shown a drop in effici- 
ency at the heavy loads. This is due to 
the excessive high bearing pressures, and 
in case of the oiled threads the oil is 
probably pressed out from between the 
surfaces. 





The ninth annual convention of the 
Towa Electrical Association will be 
held at Cedar Rapids, Iowa, April 21 
and 22. 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, | 
Know or Want to Know About Your Work, and Help Each Other | | 





WE PAY FOR USEFUL 


That Harwood Boiler 


In the March 22 number, under the 
above caption, I notice a contradiction, in 
part, of the article on this subject that 
appeared over my name in the December 
22 issue, wherein I stated that “the crack 
was not located under the lap, but ran 
parallel to the edge of the overlapping 
plate.” 

The article of March 22 states that after 
viewing the plate at the office of the State 
inspector the deduction was formulated 
that the “crack is plainly one of those in- 
ternal cracks occurring, as is usually the 
case, just under the edge of the rivet 
heads and so hidden by the inside sheet 
as to be impossible of detection by any in- 
spection short of unmaking the joint.” 

Now, as to the crack being hidden, | 
think the engineer’s statement “that he 
removed some of the bricks and found 
that the steam was coming from a crack 
18 inches long at the longitudinal seam” 
should be credited, especially when it is 
corroborated by everyone who saw the 
boiler before it was cut up, and by the 
State inspectors who examined the crack 
before the boiler was taken from its set- 


ting. 
It may be that the writer of “That 
Harwood Boiler” drew his conclusions 


from the inside or convex side of the boiler 
sheet and in that the crack may 
have been partially hidden by the lap, but 
he should remember that there are two 
sides to every boiler, the inside and the 
outside, and it is not necessary to take the 
joint apart, as he expresses it, to view the 


case 


outside of the overlapping plate, the re- 
moval of a few bricks being all that is 
necessary. 

I know that this procedure is not fol- 
lowed by inspectors when making inspec- 
tions, but if there is any possibility of a 
lap-joint defect being discovered by the 
removal of a few bricks and as close an 
inspection of the outside of the lap as 1s 
given the inside lap, I think it would be 
an admirable innovation. 

An instance of what can occur on the 
outside of a joint and not show an the in- 
side was illustrated to me when the side 
wall of the setting of a boiler some thirty 
years old, that had been carrying 60 
pounds of steam and was used for heat- 
ing purposes, was removed. It disclosed 
the fact that the rivet heads on the longi- 


tudinal joint of the middle sheet had been 
burned and corroded so badly as to be 
practically destroyed, leaving the boiler 
im a dangerous condition, which 
would probably have been discovered 
years before had the brickwork down to 
the joint been removed when making the 
annual inspections. 
ARTHUR F. CLAWSON. 


very 


Lynn, Mass. 





Pump Piping 
The accompanying illustration shows 
the arrangement of suction and discharge 


piping in connection with a single-acting 


4 Pipe to Switchboard 





Check Valve 





" __ 4"Line to Com. Tank _| 
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SHOWING AN ARRANGEMENT OF 


triplex power pump operating the com- 
pression-tank elevator system in any hotel 
building. The pump is belt-driven by an 
motor controlled by an auto- 
matic switch operated by pressure trans- 
mitted through the 34-inch pipe shown in 
the sketch, and adjusted to a minimum 
and maximum compression-tank pressure 


induction 


of, respectively, 100 and Ifo pounds per 
square inch. 
In order to secure the advantage of 


IDEAS 


starting against zero pressure, therel 
giving the motor an opportunity to attail 
full speed before beginning work against 
the minimum tank pressure of 100 pounds 
per square inch, a pump governor is 
rigged up to control a bypass through a 
2-inch pipe connecting the discharge line 
to the suction pipe, as shown. 

The philosophy of the device is this 
The instant the compression-tank pressure 
attains the maximum of Ifo pounds, and ¥ 
the pump is stopped through the medium 4 
of the automatic switch in the motor cir- 
cuit, the pressure between the pump-de 
livery valves and the check valve in the 5 
discharge line immediately begins to sub- 
side by leakage through a very small aper- 












Tank 
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SUCTION AND DISCHARGE PIPING 


ture in the governor valve, and in one o! ( 
two minutes is reduced sufficiently to pe! 
mit free action to the governor spring 1!) i 
raising the valve and opening wide a pas 
sage to the large tank by way of the 2-inch 
pipe. This action of the governor permi's ( 
a direct discharge into the suction pipe 

during the first few strokes of the plu 
when the pump is again put 1 { 


gers 


motion; but as the speed of the pump 
accelerates, a pressure is created bene 
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the check valve, and this pressure, being 
nsmitted through the ™%-inch connec- 
n to the governor, depresses the valve, 
ses the bypass, and the water continues 
pass on through the check until the 
mp stops, when the cycle of operations 
is repeated, 
fhe most objectionable feature of the 
apparatus, aside from those objections 
which might be raised on general princi- 
ples, involving such defects as continual 
trouble in keeping the switches in order, 
as well as the infernal noise of the gear- 
ing reverberating throughout the house, 
lies in the wear and tear and constant 
breaking of the pump-discharge valves 
and stems by reason of the tremendous 
impact of the valves against their seats. 
The machine grinds away at a rather 
high rate of speed when in action, and 
this circumstance, combined with the fact 
that the area of discharge orifice for each 
plunger is covered by a single valve, might 
occasion an excessively high lift of the 
valve in order to give the necessary an- 
nular opening for discharge, as well as to 
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a thermal as well as from a mechanical 
point of view. 
A. J. Dixon. 
Chicago, IIl. 





Repairing Worn Guides 





The guides on a_ high-speed center- 
crank engine had become so worn, and 
the piston rod vibrated so, it was im- 
possible to keep packing in the stuffing 
box and there was a constant blowing 
of steam, which condition was responsible 
for several broken rods and one cylinder 


head. The lower guides had become 
worn in the center (as is shown some- 
what exaggerated at E) and the top 


guide could not be lowered, as at the 


ends the crosshead was comparatively 
tight; so the only real cure was to dress 
the lower guides true. As _ these 
solid with the engine frame the under- 
taking was made more difficult. 

The first step necessary was to deter- 
mine how much off the 
ends; therefore, the lowest point in the 


were 


was to come 
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REPAIRING 


inordinate water friction. 
At any rate, the valves come down against 
their seats with the force of a trip ham- 
mer at times. 


compensate for 


The builders of the pump made no pro- 
Vision in its design for the use of an air 
chamber, evidently not intending or an- 
ticipating its employment in the service 
described, and the amount of head room, 
as well as the leeway laterally, will permit 
of running up from the riser out of the 
discharge chamber with a piece of pipe 
only 4x4o inches. The question is, will 
this suffice for an air chamber? 

The motor for driving this pump is 
supplied with current from 


source, are 


outside 
of 


ample size generating steam at a pressure 


an 


while there two boilers 
of 75 pounds per square inch within 20 
leet of the apparatus. 
ply 


These boilers sup- 
steam for laundry and heating pur- 
Poses principally, the drafts upon them 
for this service being well within their 
capacity. It might appear, therefore, that 
der the circumstances a good duplex 





steim pump would serve the purpose of 
the elevator system far more efficiently 
than the present belt-driven rig, both from 


A WORN 


Power, N.Y. 
GUIDE 


center of the guide had to be found by 
first trying the distance from AC and 
AE, and finding this to be parallel (or if 
not, made so), taking a pair of dividers 
and scribing a line as shown by VM, 
setting the dividers so as to make this 
line low enough to take in the wear in the 
lower guides; both 
alike. 
and carefully chipped the lower guides 
down at cach end. We had several files 
heated and bent as shown at D, dressed 
the guides down true to a straight edge 
and scraped the surfaces perfectly true. 
The crosshead had been sent to a ma- 
chine shop, and as the difference of wear 
not sufficient for a 
babbitt shoe it was necessary to plane off 
some of the casting and cut cross slots 
as shown at C. 


treated 
Then we removed the top guides 


sides were 


was to allow room 


Good, hard babbitt was 
then run’onto the crosshead and dressed 
to the required thickness. The crosshead 
had to be planed more on the lower side 
of the line AB than on the top, the dis- 
tance being obtained by running a line 
through the center of the cylinder, then 
laying a_ straight-edge small scale 
across the guides, and measuring down 


or 
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from the center of the cut to the lower 
edge of the straight-edge, giving the dis- 
tance the babbitt had to be dressed on 
the crosshead. 

When the crosshead was finished we 
placed it in position, after coating the un- 
der side with red lead, and, by sliding it 
back and forth, any high or uneven places 
could be located the lower guides, 
which, by the use of a hand scraper, were 
lowered, and we soon had a perfect fit. 
Then we replaced the guides and moved 
the crosshead back and forth to see that 
it had proper play. When the engine was 
started up the blowing of steam from the 
stuffing box was cured, and no further 
trouble was experienced. 


C. R. McGanuey. 


on 


Lynchburg, Va. 





Dashpot Troubles 


In the replies on page 467 of the March 
9 issue, regarding Ellsworth Davis’ dash- 
pot troubles, I notice that George W. 
Harding attributes them to too late a 
cutoff. As the engine is of the Corliss 
type, and running on a very light load, I 
do not see how it could be that. 

I am operating a small Corliss engine 
with dashpots of the double-plunger type, 
leather-packed, which give the same trou- 
ble. On a very light load the head-end 
dashpot plunger will not seat, but hangs 
up until the hook drives it down. On 
anything better than one-fourth load it 
works nicely. This dashpot has 
always worked that way, despite all that 
I could do. 


very 


I have always laid it to the fact that 
with a light load and a vefty early cutoff 
the steam was expanded down to such a 
low pressure—perhaps to no pressure— 
in the cylinder that none remained for 
compression. Consequently, with a boiler 
pressure of 125 pounds, gage, on top of 
the valve, and no compression underneath, 
the valve would work very hard and, as 
the dashpot plunger had lifted such a 
short distance, the vacuum in the dashpot 
was not strong enough to draw the plun- 
ger down. 

The reason why the crank dashpot does 
not work in that manner is because the 
crank end of the cylinder has a smaller 
area, due to the piston rod, and will not 
require so much steam for compression. 

H. E. Scripner. 

Denver, Colo. 


—___—_—. 


Referring to Elsworth Davis’ dashpot 
troubles, I had a similar experience, which 
lasted about a week. 

It was on a 16x42-inch noncondensing 
Corliss engine. The dashpot would work 
fine on light load and low steam pressure, 
was rocked by’ 
I found the trouble on the valve- 
stem end next to the valve, due to insuffi- 
cient lubrication, so that when the steam 


or when the wristplate 
hand. 
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pressure was high or the cutoff was long, 
the excessive friction was too much for 
the dashpot to overcome. 

To get rid of this I drilled holes in the 
bonnet behind the washer on the valve 
stem, and made a groove to them so that 
the steam would have a tendency to equal- 
ize the Afterward I had two 
collars made, with two set screws spaced 
go degrees apart, and placed one on each 
valve stem, so they would come up against 
the shoulder the bonnet outside and 
hold the end next to the valve away from 
the bonnet next to the valve. 

G. CLiInton SMITH. 


pressure. 


on 


Carmi, Il. 





Wrought Iron Pipe 


On page 478 of the March 9 number 
H. E. Schuler tells us how wrought-iron 
pipe is made and states that to get 
wrought iron it must be specified as 
strictly wrought iron. My way of writing 
specifications and contracts has _ been: 
“All dimensions given for all sizes are 
inside diameter; all pipe shall be wrought 
iron and full standard weight; all steel 
pipe, and all pipe not full standard weight 
and perfect threads will be returned at the 
expense of the contractor.” 

It would seem that this was sufficiently 
stated so there could be no mistake, but 
[ have returned steel pipe, pipe that was 
of “merchantable” weight only, and pipe 
that had no protection on the threads and 
consequently the threads were all battered. 

It is surprising how many contractors 
will furnish light-weight merchantable 
pipe and steel pipe when it is expressly 
stated that it will be returned. 

W. E. CRANE. 

Broadalbin, N. Y. 





Curing Rubber 


Will some reader tell me what will be 
the number of square feet of 1%4-inch and 
4-inch pipe surface required to raise a 
charge of rubber to be cured, using the 
4-inch pipe as a manifold, making four 
coils? The total amount of rubber is 
about 400 pounds, distributed in 160 gal- 
vanized-iron pans weighing 770 pounds, 
soapstone weighing 2400 pounds and an 
iron grating weighing 1000 pounds, placed 
over the pipe. The tanks are placed 
in the heater on wooden slats, the 
temperature being 60 degrees Fahrenheit 
with a gradual rise in six hours to 270 
degrees Fahrenheit. The size of the 
heater is 20x12x10 feet. It is made of 
matched boards inside and outside, and 
lined with asbestos paper, and there is a 
3-inch air space between the walls. It is 
100 feet from the boiler room. The boiler 
pressure is 80 pounds. The steam main is 
a 24-inch pipe covered with magnesia 
pipe covering. 

H. C. STEvENS. 

Naugatuck, Conn. 
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What is the Trouble with the 
Engine ? 


The accompanying diagrams were taken 
from an old style Fitchburg engine. What 
change should be made to get good dia- 
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grams at light loads? The steam lines 
often meet at times when conditions or 
load are right. 
E. O. Brown. 
Boston, Mass. 





Wants Diagrams Explained 





The accompanying diagrams were taken 
from a 16 and 32 by 42-inch compound 
condensing engine driving a flour mill in 
I should like to know why, when 


India. 
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the cutoff in the high-pressure cylinder 
(Fig. 1) appears to take place at about 
one-seventh of the stroke, the terminal 


pressure is so high? In the low-pressure 
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diagram, Fig. 2, the terminal pressure 
is higher than it should be. What is th: 
cause of this? 

C. K. Desa. 


Punjab, India. 





Water Power 


I was very much interested in the articl. 
by Thomas Wilson on “More Wat 
Needed at Colliersville ;” also the editorial, 
“Is Water Power Cheaper than Steam: 

It seems to me that there is a lamenta 
ble lack of care in the working out of 
many hydraulic propositions. In the Feb 
ruary 9 number is a very interesting d 
scription of the plant at Milford, Me., by 
S. Rice. One would gather from this de 
scription that this plant was very suc 
cessful in its operation. I am led to bh 
lieve, however, that this is another of the 
plants which has not come up to expecta 
tions. It would be interesting to know 
something about its operation, with refe: 
ence to its success as a commercial propo- 
sition, and as to whether it is true that 
so far it has been unable to develop any- 
thing like its capacity during the greater 
part of the season. 

I am not able to state my authority, 
but I understand that this plant has been 
unable to develop the power which it was 
designed to deliver to one or more of the 
mills whose water rights it took in order 
to complete the development, and that it 
is not commercially successful. 

I believe this is the case in many plants 
developed during the last eight or ten 
years, mainly because the records of flow 
on the rivers not carefully and 
thoroughly investigated and the minimum 
flow was greatly overestimated. There 
has also been considerable difficulty from 
the fact that the maximum flow. was 
equally underestimated, and a number of 
plants have had the misfortune to back up 
the water so far as seriously to inconveni- 
ence towns and manufacturing establish 
ments along the river, so that the damages 
resulting from the backing up were so 
great as to cause much inconvenience to 
the owners of the water power. 

This came principally because the spill- 
way was not sufficiently large to allow the 
enormous volume of water due to freshets 
to flow over them without raising it to 
such a hight as to make trouble farther up 
the stream. It would seem advisable in 
any water-power development not only 
take the Government records, but also 
spend considerable time in the investiga 
tion of such records as may be found 
throughout the region where the develop 
ment is to be situated. One cannot go too 
far back in looking up such records, and 
one cannot be too careful in examining 
for both maximum and minimum flow of 
the river. 


were 


oO 


Oo 


Henry D. JAcKSON. 


Boston, Mass. 
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Prony Brake Horsepower Curves 


These curves give the horsepower of a 
prony brake having an effective arm 
length of 5 feet 3 inches, between the 
limits of from 5 to 100 horsepower and 
between 75 and 500 revolutions per min- 
ute. The curves were obtained as follows: 
Let 


H = Horsepower, 
L = Net length of brake arm, 
N = Revolutions per minute, 
P = Net load on the scales. 


Then, the work of resistance, 33,000 horse- 
power, is evidently equal to the product 
of the load P into the distance through 
which it would travel if left free to rotate ; 
that is, 
2 nN LF. 
Or 
430007 =2arNLP 


R.P.M. 


0 100 200 «863800 = 400 500 600 
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Substitute For Air Valves 


Mr. Jorgensen recently described a way 
to overcome most of his troubles with his 
steam-heating system. 

I suppose that he opens all of the radia- 
tor valves while his raising 
steam, but if he does not, how could a 
radiator warm up if anyone turns’ steam 
on after he has closed the 1-inch valve on 
the air line and there is back pressure 
therein to check the exit of the cold air? 

I say back pressure, not vacuum, be- 
cause the steam will circulate in the air 


boiler is 


line as long as there is pressure behind 
it. If anyone should choose to turn off a 
radiator, what will keep the vacuum 
thus created within that radiator from 
“inhaling” steam from the air pipes and 
keeping the radiator hot just the same, in 
spite of the fellow who wants to cool off? 


If this process continues long enough, 
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2S0N LP 
33,000 


. xa= 


In order to facilitate the calculations of 
a test the formula may be simplified as 
follows: Transposing, we have 





L = -33000H_ _ _33_ 5, 1000H_ _ 
2m" NP 22 Ce is 
5.25 (nearly) X roo : 


Therefore, if the net length of the arm is 
5 feet 3 inches, we have 


PN 
1000 





it was from this last formula that these 
curves were plotted and it must be kept in 
mind that they hold for no other arm 
length, 
Grorce C. OLMSTED. 
Chattanooga, Tenn. 


SHOWING HORSEPOWER RELATION 
MINUTE 


Power, N.¥. 
BETWEEN 


AND SCALE READING 


would not condensation fill the radiator, 
up with water? When turning steam on 
the next morning, with steam on the line, 
there will be something doing with water 
hammer. 

Why not use some kind of plain ex- 
pansion air valves and pipe them as per 
Mr. Jorgensen’s own sketch? The “strong 
vacuum” will be formed within the radia- 
tors, while the boiler is cooling off. This 
will keep a good enough circulation for 
some time if the 1-inch valve on the vent 
line is closed or if a check valve is so 
fitted as to forbid entrance of atmosphere 
in the system. 

ALEX. DOLPHIN. 

Jamaica, N. Y. 





Mr. Jorgenson’s system of heating is one 
of the commonest in use for large build- 
ings where it is not desired to install the 
more expensive two-pipe system. It pro- 
vides for the removal of the foul air from 
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the radiators without the necessity of dis- 
charging it into the rooms, gives almost 
as good circulating features as the two 
pipe system, and much better than the one 
pipe system at only slight additional ex- 
pense. 

Mr. Jorgenson makes the statement that 
after having the valve to the air tank 
closed for from three to four hours there 
will be considerable condensed water in 
the air pipe at the lower end, and also a 
strong vacuum will formed between 
this water and the radiator. I am certain 
that Mr. Jorgenson is in error in making 
the statement, and should he put a gage on 


be 


the pipe where he imagines the vacuum to 
exist he would find that the pressure was 
above that of the atmosphere. 

It is quite certain that in the system 
under discussion it would be impossible 
for any part of the piping to be under a 
pressure below that of the atmosphere, for 
should there be any tendency for a vac- 
uum to form due to the condensing of 
steam the of the steam in the 
pipe would at once destroy it. 

Harry P. KAnn. 


pressure 


New York City. 





Use of Wooden Wedge Rings 


In the March 9 number there appeared 
an article on the use of wooden rings in 
pipe installation, and I wish to state my 
views on the subject. To install a pipe 
line or water main of the size stated is 
quite an undertaking, as well as a costly 
one, and is usually a permanent installa- 
tion ; the of wooden 
rings would not be practical, as it would 
only be a question of time, and a very 


consequently, use 


limited time at that, before these wooden 


rings would become soft from decomposi- 
tion and would become leaky and _ use- 
less, thereby necessitating a renewal and, 
of course, more expense as regards time, 
ete., to say nothing of the interruption to 
the service. 

It is also stated that a pressure of 150 
pounds to the square inch was carried. 
As we are all aware, wood is more or 
less porous according to its nature, and, of 
course, in this case we presume it was 
ordinary wood, as it would not be prudent 
to obtain any special kind. These rings, 
in being shaped or cut out, must neces- 
sarily have to be cut across the grain at 
some point in the circle, and it is obvious 
that with a pressure of 150 pounds the 
water would be forced through the pores 
of the wood toa greater or less extent, thus 
making an unsatisfactory job and hasten- 
ing the work of decomposition. 

As an illustration of the porous nature 
of wood, I recently had occasion to block 
off a 3-inch line on a low-pressure system 
and, having no couplings or plugs at hand,’ 
a 3-inch wooden plug was turned up and 
driven into the end of the pipe. Not- 
withstanding that this plug was about 18 
inches long, and the pressure only 20 
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pounds, the water of condensation found 
its way out of the pores of the plug the 
entire length. 

As the rings of the 14-inch main would 
be of approximately 4 to 6 inches face, 
and a pressure of 150 pounds to the square 
inch carried, it would appear to me that 
there would be something doing. In my 
opinion a much better method would have 
been to make a mold around the joint and 
a babbitting, after which the holes could 
be drilled as required and, with the addi- 
tion of good gaskets, a good permanent 
job assured. While wood rings may 
answer in a temporary job, I believe that 
anything that is worth doing is worth 
doing well, especially in the case of a main 
pipe as large as 14 inches. 

CHARLES H. TAytor. 

Bridgeport, Conn. 





Actual Cost of Power 


Writing upon this subject in the March 
16 number, W. N. Polakov says: “There- 
fore, it follows that by knowing his actual 
cost of power the engineer will only learn 
that the good or poor work of the sales 
department has made him produce cheaper 
or more expensive power. What will he 
gain through such knowledge?” 

An engineer who can figure power cost, 
including fixed charges, depreciation and 
taxes, and the unit cost of power pro- 
duced, will be able to keep out the “slick 
article” around to the back 
door and says: “How do you do? I see 
you have quite a plant here—ah, pretty 
big boilers, nice engines; how big are 
your boilers?” And if the engineer is 
“easy,” he proceeds to give the dimensions 
of his boilers and engines, the “slick 
article” all the while “jollying” the honest 
fellow and taking in the whole plant, to 
enable him to do some figuring when he 
gets outside. 

Now, if the engineer can figure the cost 
of power, etc., he can go to his employer 
and demonstrate that he can produce a 
kilowatt-hour as cheaply as Edison. Also, 
if he can demonstrate intelligently that 
there are 14,500 heat units in one pound 
of coal and the boiler absorbs about 9000 
heat units per pound, the rest going up the 
stack, ete., and that the so-called steam 
specialists cannot get any more heat units 
out of a pound of coal than the engineer 
can, isn’t that worth knowing? It should 
satisfy him and his employer that about 
the best anybody can do is to have the 
correct proportions of heating and grate 
surfaces, provide the proper amount of 
air for combustion purposes, stop leaks 
through the brickwork, keep the fire level 
and bright, feed regularly, maintain a con- 
stant steam pressure, prevent the safety 
valve from blowing unnecessarily, etc. 

With all these things in mind, why can’t 
the engineer do the figuring as well as the 
“expert”? There is nothing mysterious 


that comes 
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in steam engineering ordinarily that one 
man can master and another cannot. The 
fact is, the “expert,” having a glib tongue, 
manages to influence the owner or mana- 
ger more readily than the less polished 
engineer and, the chances being that the 
owner does not know any too much about 
the practical side of engineering, he tells 
the “expert” to go ahead. 

Then what happens? The specialist 
takes stock of the fittings and packing, in- 
ventories the coal in hand and proceeds 
to cut wages. Of course, he shows a tem- 
porary saving—after which the owner 
begins to wake up, as a rule. I challenge 
any expert to make a saving in my plant. 

Engineers, wake up and get what be- 
longs to you. Educate yourselves in the 
business and put the experts out of busi- 
ness, so far as your plants are concerned. 

H. E. SAMUELS. 

Brooklyn, N. Y. 





Cause of High Back Pressure 


One of our duplex boiler-feed pumps 
got to acting and at times 
would not run fast enough to supply the 
boilers, even with the throttle wide open. 


sluggishly 


To Heating 
System 
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CAUSE OF HIGH BACK PRESSURE 


On account of extended radiation it had 
become necessary to raise the back pres- 
sure on the pump to about 12 pounds. I 
noticed that it was when this high back 
pressure was being carried that the pump 
ran so slowly. I removed the plug at C, 
between the pump and exhaust valve B, 
and put on a pressure gage. 

When I started the pump with to 
pounds back pressure on the heating sys- 
tem the gage at C showed 25 pounds back 
pressure. I removed the globe valve B 
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and put in a gate valve, and have had n 
more trouble. 

As the globe valve was of generou 
proportions, and had about the same are: 
of opening as the gate valve, I think th 
high back pressure was caused by th: 
sharp turns in the path of the steam, 
caused by the globe valve and the ell 4. 

R. L. Raysurn. 

Decatur, III. 





Setting Gas Engine Valves 





of Mr. Holl- 
and Mr. Til 


After reading the articles 
man, page 167, January 19, 
den, page 416, March 2, I wish to offe 
the following addition to the discussion: 

Nearly all engines of 100 horsepow: 
or less are single-acting and, therefor 
have no crosshead nor guide by which the 
position of the piston can be marked. If 
the clearance between the valve stem and 
valve-operating mechanism is too great, 
the valve will not be held open long 
enough; if too small the valve may not 
seat, owing to particles of dirt being 
caught between parts of the mechanism. 
The valve stem will also elongate, ‘owing 
to the heat of the exhaust gases. If a 
piece of thin paper is held between the 
valve stem and rod the time of opening 
and closing can be told by the gripping 
and freeing of the paper. - 

Mr. Tilden evidently has never timed 
the valves on a gas engine or he would 
find that he is mistaken about ,the set- 
ting. The gases after explosion will drop 
in pressure, and if the exhaust valve did 
not open until the end of the stroke, there 
would be a pressure of from 30 to 50 
pounds. The piston during the first part 
of the exhaust stroke will have to work 
against excessive back pressure, as the 
valves and passages are not large enough 
so that the pressure will fall instantly to 
atmospheric. 


The writer has taken indicator diagrams 
which show that the pressure does not fall 
to nearly atmospheric until almost half the 
stroke has been made. The exhaust valve, 
therefore, is opened about 30 or 4o de- 
grees before the end of the stroke, so that 
the pressure will drop to about 2 or 3 
pounds during the exhaust stroke. 

The exhaust valve closes on the dead 
center. If the inlet valve opens before the 
exhaust valve closes there is danger of 
a back-fire and consequent loss of the 
fresh mixture. For this reason it is cus- 
tomary to open the inlet valve after the 
crank has moved tirough an angle of 
2 or 3 degrees. 

During the suction stroke a column of 
gas and air has been set in motion and 
the inertia of this mixture will cause it 
to flow, even while the piston is reversi¢ 
This insures a larger amount of m'\ 
ture. For stationary engines the inlet 
valve will be held open for from 4 to 10 
degrees on the compression stroke. 
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As the valves are operated by cams, 
they can be opened and closed any time 
luring a revolution, depending on the de- 
ign of the cam. 

It takes certain appreciable time for the 
‘lame to pass entirely through the mix- 
ture. The maximum explosion pressure 
is obtained when the volume of the mix- 
ture is the smallest, or in other words the 
compression pressure is the highest at the 
instant the entire mass is ignited. There- 
fore, the flame must be given time to 
propagate itself through the mixture by 
the time the piston starts on the power 
stroke. 

L. J. BuscHMAN. 

Cleveland, O. 





In a letter on page 416 of the March 2 
number, E. G. Tilden gives his opinion on 
“Gas Engine Valve and Ignition Timing.” 
| cannot agree with him when he says: 
“The fact that the gas mixture is burned 
in the cylinder has nothing whatever to 
do with the proper valve setting,” for it is 
just this one fact which is the reason for 
opening the exhaust valve ahead of the 
dead center. 

At the end of the expansion, before the 
exhaust valve is opened, the burnt gases 
in the cylinder are still under a pressure 
higher than atmospheric, say 25 or 30 
‘pounds, and have a considerably higher 
temperature than would be the case if 
they had expanded to atmospheric pres- 
sure. 

The idea in opening the exhaust valve 
about 40 degrees (on the crank) ahead of 
dead center is to allow the gases to: come 
down to atmospheric pressure by the time 
the piston reaches the dead center. This 
results in two advantages: There is less 
back pressure on the piston, when it ex- 
pels the burnt gases, and these gases haye 
now a_ lower and conse 
quently do not heat the cylinder walls so 
much, which, again, allows a more com- 
plete new charge. 

The 


temperature 


exhaust 
until 


valve ought to be kept 
about 10 degrees after dead 
‘enter, thus allowing the exhaust pres- 
sure to come down to atmospheric pres- 
sure or even less, as the inertia of the 
outrushing column of gas may produce a 


open 


slight vacuum, whereupon at about 12 de- 
grees the inlet valve is opened and kept 
open until from 30 to 35 degrees after 
dead center. At this point the pressure 
produced by the piston starting on its 
compression stroke will be sufficient to 
‘heck the rush of the fresh mixture, still 
coming in, according to the law of inertia, 
vhich applies to any moving body. This 

the point where the valve should close. 

This way of valve setting proved to be 
‘ery satisfactory with two three-cylinder 
§0-horsepower engines running at 300 

volutions per minute. In the first place 
he cams were designed to open and close 

dead centers. Asa result it was almost 
impossible to keep the engine cool, and 
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in case of an overload back-firing com- 
mences almost immediately. Cleaning out 
the water jacket and lowering the com- 
pression did not seem to have any effect 
at all. Finally a change in the cams was 
decided on, and the herein-discussed valve 
setting was tried, first on one engine. The 
result was striking, the engine being able 
to carry about Io per cent. overload with- 
out back-firing. With the cams fixed up 
in the same way, the second engine pro- 
duced the same results. 

Of course, I agree with Mr. Tilden inas- 
much as it is impossible to improve upon 
any engine, the cams of which are de- 
signed for valves to open and close on 
dead centers, by simply advaricing or re- 
tarding the time of opening. A new cam 
must be made, which keeps the valve open 
for more than 90 degrees (measured on 
the cam shaft), say 105 to 115 degrees. 

W. A. ABEGG. 

Los Angeles, Cal. 





The Barrus Universal Calorimeter 





In reply to the criticism of Charles B. 
Cooke, Jr., in a recent number, | will say 
that what is there stated is all right in 
theory, but is not the actual case. 

If Mr. Cooke will carefully examine a 
“Barrus universal calorimeter” he will nnd 
it exactly as described in the article which 
appeared in the December 29, 1908, num- 
ber. Or, if he will look up the report 
of the committee on Standard Method of 
Conducting Boiler Trials, Volume XXI 
of the Transactions of the Ameriean Soci- 
ety of Mechanical Engineers, under ap- 
pendix XVII he will also learn that his 
“exception” is a mistake. The same re- 
port, under appendix XV, states (and that 
statement was arrived at only after thor- 
ough research) that among others the 
3arrus calorimeter, when properly han- 
which are 
within one-half of 1 per cent. 


dled, gives results accurate 
For scien- 
tific research and when the moisture ex- 
ceeds 2 per cent., the committee recom- 
mends that “A steam separator should be 
placed in the steam pipe as near to the 
steam outlet of the boiler as convenient, 
well covered with felting, all the steam 
made by the boiler passing through it and 
all the moisture caught carefully weighed 
after being cooled. * * * A throttling 
or separating calorimeter should be placed 
in the steam pipe just beyond the steam 
separator for the purpose of determining 
the amount of moisture remaining in the 
steam after passing through the separator.” 

The per cent. of moisture caught in the 
separator is determined as in the ordinary 
separating calorimeter. The total per 
cent. of moisture in the steam is the sum 
of the percentages as found by the sepa- 
rator and by the calorimeter. 

It might clarify Mr. Cooke’s exposition 
of the fundamental principle of the heat 
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gage if I say that it (the principle) de- 
pends upon the following physical facts. 
To make a concrete example: The total 
heat in one pound of dry and saturated 
steam at a pressure of 100 pounds per 
square inch absolute is very nearly 1182 
B.t.u. The total heat at atmospheric 
pressure is very nearly 1146 B.t.u. Thus, 
in being throttled from 100 pounds to 14.7 
pounds, “doing no work,” the steam gives 
up 36 B.t.u., which are available to evapo- 
rate moisture in the steam or to superheat 
the steam or both. If the thermometer in 
the calorimeter registers in the neighbor- 
hood of 212 degrees Fahrenheit it is a 
very good indication that the steam is 
still wet when leaving the calorimeter heat 
gage. It indicates that al) the 36 
B.t.u. have been utilized in evaporating 
moisture, and the heat balance does hold 
so far as the part of the moisture evapo- 
rated by the 36 B.t.u. is concerned. By 
adding the per cent. of moisture thus ob- 
tained to the per cent. found by the sepa 
rator the total per cent. is found. 

Our assurance that the is dry 
when leaving the separator upon 
comparisons with other calorimeters of 
recognized accuracy and by checks made 
with apparatus arranged according to the 
recommendations of the A. S. M. E. 
mittee report. 


also 


steam 


rests 


com 


Cuar.es N. Cross. 
Palo Alto, Cal. 





Knock in an Engine 


The knock in J. W. Bryan’s engine, 
mentioned in the March 2 number, page 
415, is most likely caused by varying com- 
pression. I think he will find the cause 
of taking diagrams during both the 
knocking and the silent periods and com- 
paring them. The engine has a high pis- 
ton speed, and if the pressure in the ex- 
haust line falls a little:under a temporary 
light load the compression might not be 
enough to cushion the reciprocating parts, 
hence the knock. That the knock is heard 
at the crank end might be due to 
clearance or a later closing of the 
that The knock would 
be continuous if the alinement of the shaft 
were at fault. 


more 
more 


exhaust at end. 


TH. WIEGAND. 
Indianapolis, Ind. 





Suction Pipes and Exhaust Fans 


There are two horizontal intake pipes 
in our feet under water. 
When the pond freezes a white mark in 
the ice over the pipes shows where they 
are located. What causes the mark? 

Fibrous material, 


reservoir, 5 


such as wool, rags, 
etc., is conveyed by an open-blade ex- 
hauster without trouble. Why does not 
the stuff get wound around the blades? 
CHARLES HAEUSSER. 
Albany, N. Y. 
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Boiler Accident Fatal to Engineer 


On March 14, a boiler located at Green- 
field, N. H., met with a rather peculiar 
accident. It is a portable boiler, locomo- 
tive type, with the engine on top, the fire- 
box end resting on wheels and the rear 
end supported on blocking. It was fed 
by a well known lifting injector, the 
water entering the water leg about 1 foot 
below the crown sheet and 4 inches from 
the port, the supply being taken from a 
barrel nearby. The width of the water 
leg was 3 inches, the shells being about 
5/32 inch thick and supported by forty 
¥%-inch staybolts, 6.5 inches center to cen- 
ter; the firebox is 2 feet wide, 3 feet high 
and 4 feet long, and there are thirty 3-inch 
tubes 12 feet long. 

The engineer started up at 7 a.m. as 
usual, carrying about 69 pounds of steam, 
and, according to one of the workmen, 
was sitting beside the boiler, a few inches 
from the water leg, eating a lunch when 
the boiler blew up. An examination made 
by the writer revealed the fact that the 
staybolts of the water leg had been torn 
from their holes in the outer shell, allow- 
ing both the outer and inner shells to 
bulge, and also allowing the contents of 
the boiler to rush out through the holes 
left by the staybolts and severely scald 
the engineer, who died about four hours 
afterward. 

The fusible plug, on being removed, ap- 
peared to have been badly corroded on 
the outer end, but had started to melt; 
in fact, about two-thirds of the metal had 
melted out before the fire was extin- 
guished by the escaping steam and water, 
the inner end of the plug being intact. 
An iron plug was found screwed into the 
bottom of the water column in place of 
the usual nipple and valve. 

The man in charge informed the writer 
that he had been in the boiler room about 
a half hour before the accident occurred 
and saw about 6 inches of water in the 
gage glass, the steam gage recording about 
60 pounds (the safety valve was set to 
blow at 80 pounds). He was positive that 
there must have been water in the boiler 
at the time of the accident, but everything 
points to an absence of water; in fact, the 
position in which the engineer was found, 
and a statement made by an employee who 
had left the hoiler room not over five sec- 
onds before the accident occurred, go to 
prove that there was little, if any, water 
in the boiler at the time. 

This employee stated that as he as- 
cended from the boiler room to the 
“glory hole’ above the boiler room, he 
noticed the engineer take hold of the 
valve on the inspirator as though to 
start it, and immediately afterward there 
was a noise as of something being ripped 
asunder, then the rush of escaping steam. 

Although the engineer was severely 
scalded, there was no sign of his having 
been struck with boiling water at 60 
pounds pressure, nor was there any sign 
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on a wooden partition, located about 5 
feet from the boiler, that it 
struck with water, and as there was no 
escape for it except through the holes 
left by the staybolts, it is reasonable to 
expect that the drop in pressure was grad- 
ual and not immediate, as would be the 
case had the shell burst, or a head blown 
out, and while the writer would not go 
on record as saying that the accident was 
caused by low water, everything points to 
that conclusion. 
R..P. Guy. 
Bennington, N. H. 





Pitting in Condenser 


The steel plates of a countercurrent 
barometric jet condenser show signs of 


serious pitting, due to the circulating 
water containing some sulphuric acid. 
The cast-iron casing of the circulating 


pump is also affected. Will any reader 
who has experienced and overcome simi- 
lar trouble give a suggestion? 
GEORGE HUGHES. 
Horwich, England. 





Criticism 


The surface condenser has been much 


criticized in its time, and seems to be 


passing through another spell. Some 
engineers say that, having bought a 


“bunch” of tubes in a cast-iron box, they 
have removed several of the tubes, thus 
decreasing the cooling surface, and at the 
same time giving the exhaust steam more 
space, afd that the vacuum been 
greatly increased. 

A strange part of it is that the amount 
of condensing water used remains the 
same in each case, or even less, after re- 
moving the tubes. 

This would seem to indicate an over- 
crowded condition of the tubes 
tain types of 


has 


in cer- 
surface condenser, de- 
creases the velocity of the exhaust steam, 
also the rate of heat transfer through the 
tubes to the cooling water flowing therein. 

It is practically impossible to design a 
large piece of apparatus that will give 
entire satisfaction in all respects, the 
“first crack out of the box.” After one 
or more are built and operated many 
criticisms can be offered and numerous 
changes suggested before the apparatus 
can be called a complete success. 

Frequently a change in design means 
a change in patterns, and even a change 
in machines required to do the finished 
work in turning out the apparatus. This 
is necessarily expensive, and for this 
reason many manufacturers are not fond 
of making changes. 

A designer, no matter how well ¢..peri- 
enced, is quite incapable of at first de- 
signing anything in the line of machin- 
ery that cannot be criticized. The lay- 
out of the steam piping in a modern 


had_ been, 


April 13, 19009. 


power plant is probably criticized as much 
as, if not more than, any other part of 
the equipment. The piping system is one 
of the most difficult parts of the design, 
that is, from the designer’s standpoint, in 
arranging and placing the apparatus, 
valves, piping, etc., in a large station, t) 
insure continuity of operation, minimum 
friction and condensation losses, ete. For 
instance, valves may be placed in thx 
most inaccessible positions conceivable, 
unless the designer imagines himself the 
operating engineer for the time being 
when designing his system. Then again, 
the piping system is usually the last thine 
installed, and the designer 
to certain fixed conditions 
or no choice at all in 

system. 

It is an easy matter to criticize, but the 
man who does so honestly and _intelli- 
gently, and can offer a solution to the 
difficulty, is a man worth while, a man 
worth knowing. 


is held dow: 
and has little 
arranging the 


WituiAM F. FIscuer. 
New York City. 





Dynamo Failed to Generate 





In starting up for the first time the 
dynamo in a local mill refused to gener- 
ate. It was a 10-horsepower  110-volt 
compound-wound motor. We found the 
dynamo running at about the speed 
marked on the name plate, and a test 
showed that there were no open circuits 
in the field or elsewhere. The brushes 
were also carefully adjusted. We de- 
cided that it would require only a little 
outside é€xcitation of the fields to make 
it “pick up.” We procured a few bat- 
teries, and applying this current to the 
fields of the machine, the voltage came 
up to about 15 volts, but immediately 
died down when the battery current was 
taken away. We then decided it was 
necessary to increase the speed. A smal- 
ler pulley was provided and the speed 
increased about one-third. 

Even after this the dynamo would not 
build up without applying the batteries, 
and could not be made to build up from 
residual magnetism. After the voltage 
was once raised it operated satisfactorily 
until shut down, when it was necessary 
to go through the same process on start- 
ing again. 

The design for a compound motor re- 
quired a shunt field of higher resistance 
and less current than a plain shunt motor, 
as the series-field winding assisted in pro 
ducing the necessary torque. Owing to 
this resistance, enough current could not 
be got through the fields at starting to 
produce the reaction on the armature. To 
have got satisfactory results it would have 
been necessary to put on a set of coils 
of lower resistance. This was not done. 
as another machine was substituted. 

Joun A. WALKER. 

San Angelo, Tex. 
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Some Useful Lessons of Limewater 


Showing How to Construct a Simple Primary Electric Battery; 
Some Interesting Experiments in This Very Useful Branch of Study 





BY 


In the last lesson we planned the ap- 
paratus for making hydrogen, for collect- 
ing it in several quart fruit jars, and for 
testing it in various ways. By this time 
will got yourself sufficiently 
familiar with the main points so that you 
can proceed directly to making and col- 
lecting several jars of hydrogen. But re- 
member to test a tumbler or two of the 
eas, as told in the last lesson, to be sure 
that you have driven the air out of the 
generating flask before you collect any 
hydrogen; because hydrogen and air make 
a very lively explosive mixture. We will 
suppose that you have collected one or 
two jars of hydrogen and are waiting for 
the other jars to fill. Of course, if your 
hydrogen generator gets “tired,’ you can 
replenish it by opening the cork and 
quickly dropping in half a dozen more 
pieces of the coiled zinc; and if this does 
not wake it up, you can also add a little 
more of the diluted sulphuric acid. Re- 
member that every time that you open the 
generating flask you must throw away the 
first gas that comes off, keeping a flame 
away from it, afterward collecting a tum- 
bler to see if it burns quietly enough to 
make it safe to collect more jars of the 
hydrogen. 


you have 


Tue First TEst 

The first test, keeping your jars covered 
with cardboard and mouth downward, is 
to study the burning of hydrogen by 
lighting a long splinter and thrusting it 
up into the jar. The way to do this is to 
lift the jar from the cardboard cover, 
hold the jar mouth downward and thrust 
the lighted splinter up into the jar, gradu- 
ally turning the jar so that it will be hori- 
zontal. You will notice that the hydro- 
gen burns with a soft flame, which may 
be pinkish or yellowish, and that the 
splinter is extinguished in the hydrogen, 
the hydrogen itself burning in the air and 
naturally reigniting the lower part of the 
splinter, for the hydrogen flame is very 
liot. You will also note that as the hydro- 
gen is consumed, the flame retreats up into 
the jar, being, of course, followed up by 
the advancing supply of air from the out- 
side. Another thing that you cannot help 
noticing, especially if your attention is 
called to it, is that the insidé walls of the 
jar become covered with a fairly thick 
layer of sweat or dew. You can easily 
distinguish this from any of the drops of 
water which may cling to the inside walls 
of the jar, these drops being, of course, 
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the original water from 


trough. 


the pneumatic 
This dew or sweat on the inside 
walls of the jar comes from the condensa- 
tion of the water which is formed by the 
burning of the hydrogen with the oxygen 
of the air. In its nature it is exactly the 
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FIG, I 
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FIG. 2 


same thing as the sweat which forms on 
the lower inside walls of a cold lamp 
chimney when you first light an ordinary 
kerosene lamp and replace the chimney 
over the flame; only in the case of the 
oil-burning lamp, the water comes from 


| dl 
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the burning of the hydrogen part of the 
oil, while in this experiment the dew or 
sweat comes from the burning of the pure 
hydrogen. 

In case you remove the splinter from the 
hydrogen pretty soon after the hydrogen 
is lighted, you can place the jar mouth 
upward, cover it with a pasteboard cover, 
after the flame has died out, and test it 
with limewater. Of course, you will not 
get any precipitate of plain carbonate of 
calcium, because the sole product of the 
burning of hydrogen is steam or water, 
and the only gas which 
could appear in any quantity would be 
from the burning of the carbon in the 
wood splinter. 


carbonic-acid 


TESTING THE LIGHTNESS OF HyDROGEN 

The next experiment is to test the light- 
ness of hydrogen. A simple way to do 
this is to take a jar of hydrogen, remove 
the pasteboard cover (holding the jar 
mouth dcwnward) and wait, counting 
35 or 40, slowly and evenly. Then thrust 
a lighted splinter up into this jar of hydro- 
gen which held mouth down- 
ward. The hydrogen will ignite with a 
slight explosion, owing to the mingling of 
the air with the lower layers of hydrogen; 
and then the rest of it will burn quietly, 
probably, in the usual manner, but you 
must not be surprised if several little 
variations come in incidentally from time 
to time. That is part of the game, and if 
you work carefully, keeping your wits 
about you, nothing very serious will hap- 
pen. Now reverse this experiment, by 
taking a full jar of hydrogen and, hold- 
ing it mouth upward, remove the paste- 
board cover, wrapping a towel around the 
jar for safety, and count 40, slowly. Then 
thrust your lighted taper down into the 
jar and you probably will get no result, 
because the light hydrogen will have 
escaped into the air. In case you should 
get an explosion after leaving the jar 
mouth upward and open while you are 
counting 40, it simply indicates that you 
did not wait quite long enough to let the 
light hydrogen escape; and you can re- 
peat this experiment, holding the one jar 
open, mouth downward, and the other jar 
open, mouth upward, until you hit ex- 


has been 


actly the right interval so that you still 
have hydrogen left in the mouth-down- 
ward jar and no hydrogen in the mouth- 
upward jar. See Fig. 1. 

Another way to try this experiment of 
the lightness of hydrogen is shown in 
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Fig. 2, where you take a plain empty jar, 
empty except for common air, and pour a 
freshly prepared jar of hydrogen upward 
into it, as shown. You can easily do this 
by holding the jar of hydrogen in the 
right hand and the jar of air in the left 
hand, when the invisible hydrogen will flow 
upward, as shown by the direction of the 
arrows in Fig. 2. 


Tue DirFusION EXPERIMENT 


Next, we will carry out the “osmose” 
or diffusion experiment, described and fig- 
ured in last week’s lesson. Such a full 
description was given then that it is not 
necessary to repeat this, except to remind 
you that if you prepare the apparatus you 
have a closed pipe bowl or porous jar 
connected with a closed tube 15 or 20 
inches long, the lower end of which dips 
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below some water in a tumbler. It will 
pay you to make an attempt to get the 
little porous jar from some dealer (the 
porous cups used in the “Grove” primary 
battery serve admirably for this purpose). 
But your tobacco pipe may work ; although 
I may have forgot to mention that the 
opening of the bowl must be closed with 
a well-paraffined cork, and the stem of the 
bowl—not the bowl itself—should also be 
covered with paraffin. This paraffin can 
be easily painted on, after it has been 
melted. The whole point of this experi- 
ment is to place an open jar of hydrogen 
mouth downward over the bowl of the 
pipe, or over the porous cup, and to get 
a few bubbles of air or gas forced out at 
the bottom of the open tube below the 
water, as shown in Fig. 3. If you get 
even a bubble or two to come up through 
the water in the tumbler, you will be able 
to prove that the jar of hydrogen acts on 
the porous cup as though the hydrogen 
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were full of an internal pressure, and the 
explanation for this was given in the last 
lesson. This is one of the most remarka- 
ble experiments that you will ever per- 
form; and it will pay you to make good 
on this, for it is a case of an intimate 
connection between physics and chemistry, 
a connection that you will have forced 
upon you at every step. 


THE EXPLOSIVENESS OF HyDROGEN 

The next experiment will illustrate the 
explosiveness of hydrogen and, although 
it was not described in the last lesson, yet 
you can easily prepare it on the spot. Get 
a tin can, as shown in Fig. 4, holding 
about a pint and having a small opening, 
say % or % inch wide. Clean, wash and 
dry the can, and bore a small hole in the 
bottom, say about 1/20 inch wide. Close 
up this hole with a little wooden plug, 
such as a pointed match, then fill the jar 
with water, place your finger over the 
mouth, invert it in the pneumatic trough 
and fill it with hydrogen. As soon as it is 
full of hydrogen remove the tin can from 
the water, holding it mouth downward, 
and set it over a couple of bricks, as 
shown in Fig. 4. Then pull out the 
pointed match from the little hole at the 
top of the can and light the jet of escap- 
ing hydrogen at that point with a match 
or burning splinter. 

The hydrogen will burn at the little 
opening with an almost invisible flame; 
but you can prove that it is burning by 
holding there an unlighted splinter, which 
will ignite from the hot hydrogen flame. 
Probably in a few seconds, almost cer- 
tainly in a few moments, this hydrogen 
flame will begin to sing, at first in a very 
high key, and gradually sinking to a lower 
tone. Now stand 3 or 4 feet away from 
the can and await developments, which 
will end in an explosion. Of course, you 
can see that as the hydrogen is burning 
off at the top, the air is passing in at the 
narrow mouth at the bottom to take its 
place; and pretty soon the inside of the 
can will be filled with an explosive mix- 
ture of hydrogen and air. As this ex- 
plosive mixture increases in quantity in 
the inside of the tin can, and as the ex- 
plosion gets ready to take place, usually 
being advertised by sudden lowering of 
the tone of the singing flame at the top 
of the can, there follows a sharp report 
and the can may be blown several feet 
into the air, owing to the backlash from 
the open mouth pointed downward. 

This will well illustrate the explosive 
nature of the mixture of hydrogen and 
air. You can that as the air con- 
tains only one-fifth of its volume of 
oxygen, a mixture of the air with hydro- 
gen does not make as explosive a com- 
bination as would result if you could mix 
pure hydrogen with pure oxygen. Such a 
mixture, composed of two volumes of hy- 
drogen with one volume of oxygen, is 
frightfully explosive, and is dangerous in 


see 





April 13, 1909. 


large quantities. A mixture of two vol- 
umes of hydrogen with one volume of 
oxygen is called by the Germans “knall 
gas;” that is, freely translated, “bang 
gas ;” and although it may be*taking some 
liberties with language, yet it might not 
be a bad thing if we had a good name in 
English for this explosive mixture. 
There are many other experiments 
which you could perform with hydrogen 
and also with oxygen, if you could get a 
couple of small Ttubber gas bags; but you 
can read about these in the books. On 
of these experiments consists in filling 
gas bag with hydrogen directly from your 
generator, not by displacement of water. 
but by leading the gas directly to the bag 
from the hydrogen generator. Then th: 
rubber gas bag is connected with a rubber 
tube, having on the end a common clay pipe 
This pipe is dipped into a bowl of good 
soap suds and, by gentle pressure, bub- 
bles may be blown which can be tossed 
off into the air, when they rapidly ascend, 
just as do the common rubber toy balloons 
which, you know, are filled with hydro 
gen. If you should have the good luck to 
get hold of a gas bag, so that you could 
perform this experiment, you will find 
it quite fascinating to make the soap bub 
bles of hydrogen and toss them off into 
the air, lighting them with a long, burn- 
ing splinter, when they burn with a soft 
flame and a slight vellow puff or flash 
This yellow color comes from the sodium 
in the soap, soap being merely a “salt” of 





























sodium, with the fatty acids, stearic, 
palmitic, or oleic. 
Power, N. ¥. 


FIG. 4 


If you should carry this experiment of 
the gas bag farther you could mix one 
volume of hydrogen with two volumes of 
oxygen and could blow bubbles of the ex- 
plosive “knall gas; but in that case you 
would have to use the greatest care to 
keep the flame away from the pipe or the 
opening of the gas bag; and if you should 
cover the surface of a dish of soapsuds 
with a good bubbles of this 
“knall gas” (two volumes of hydrogen 
with one volume of oxygen), your car 
drums would testify to the violence of tlie 
report produced by lighting these bubbles, 
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and also to the possible danger of treat- 
ing this mixture of oxygen and hydrogen 
carelessly. 


“LEAD BuRNING” 


There are one or two points which 
could be further noted in this lesson; not 
that you will be able to try the experi- 
ments immediately, but you cannot help 
running across their application now and 
then, and you should know about them. 
| refer to the use of the plain hydrogen 
flame in “lead burning,” and the use of the 
pure oxyhydrogen flame in the so-called 
calcium or limelight, and also the use 
of the new gas, “acetylene,” made from 
calcium carbide and water. Acetylene 
and calcium carbide can wait a few 
weeks ; but there can be no harm in your 
knowing now that lead burning simply 
consists in the quick and dexterous ma- 
nipulation of a plain hydrogen flame on 
sheet lead. The description and study of 
the lead-burning apparatus, while by no 
means difficult or complicated, would take 
us a little too far away from our present 
purpose. ; 

The oxyhydrogen blowpipe, on the other 
hand, consists of a metallic jet carrying 
the oxygen, surrounded by a jacket de- 
livering the hydrogen, and so arranged 
that the hydrogen and oxygen can burn 
at the same point in the proportion of two 
volumes of hydrogen to one volume of 
oxygen. Instead of hydrogen, of course, 
one can use common coal gas or city gas, 
or even air saturated with gasolene, ether, 
alcohol, or similar combustible and easily 
vaporizing liquids. In all these cases, 
whether the burning gas is hydrogen or 
city gas, an intense heat is produced by 
the assistance of the pure oxygen, aided, 
of course, by the oxygen of the outside 
air. The heat of such flames is sufficient 
to melt steel, to melt even platinum, one 
of the most infusible of metals, and when 
this jet of burning oxygen and hydrogen 
is turned onto a stick of quicklime, it 
makes it so hot that it glows with a bril- 
liant white light second only to sunlight 
and the electric arc. 

There are many other experiments 
which may be tried with hydrogen, and 
some of them you will try from time to 
time; but one of them you can try right 
now: You will remember it was men- 
tioned in the last lesson that we do not 
use nitric acid with zinc in making hydro- 
gen, although you can use either hydro- 
chloric acid (muriatic acid), or sulphuric 
acid. Take a strip of zinc and pour a 
little nitric acid over it. You will note 
the heavy, corrosive choking brown 
fumes. These fumes are the so-called 
“nitrous” fumes; they are produced by the 
reducing action on the nitric acid and the 
oxidizing action of the nitric acid on the 
hydrogen; and this is an illustration of the 
great chemical battle which is waged 
everywhere and always, in nature, be- 
ween oxidizers such as nitric acid and 
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reducers such as hydrogen and the other 
chemical metals. 

One thing you must note here in hand- 
ling nitric acid, and that is that you should 
perform experiments with it in_a good 
draft, say just before your furnace door 
or in front of an open window. Never 
breathe these brown fumes from nitric 
acid, for they are frightfully irritating and 
poisonous to the throat and lungs, and a 
good dose can easily produce a kind of 
an acute pneumonia. 

These experiments will introduce you 
fairly well to the study of the metallic gas 
hydrogen, chemically metallic; but there 
is another chapter which we must study 
to illustrate what is meant when we speak 
of hydrogen as a metallic gas. In one of 
the last lessons I used the terms “anode 
and cathode” in speaking of the electro- 
lytic cell. There are one or two simple 
experiments which you can easily try and 
which will assist you greatly in getting 
some fundamental notions, not only about 
the chemistry of hydrogen, but also about 
electric batteries and the simple laws of 
the electric current. About all you need 
for our present purpose is to get a few 
feet of common insulated copper wire, as 
coarse as possible; a small strip of zinc, 
say I inch by 4 inches, another one of 
copper, and a small pocket compass. You 
will be surprised to see how much chem- 
istry you will get out of this outfit with 
the help of your old friend, limewater. 





Reciprocating Engines Show Best in 
Second Test of Scout Cruisers 





Unofficial figures of the performance 
of the three scout cruisers “Birmingham,” 
“Salem” and “Chester,” in their second 
competitive coal-economy test, finished 
March 31, indicated a victory for the en- 
gines of the “Birmingham,” which are of 
the reciprocating type. 

The test was a run of 50 hours, at 15 
knots’ speed. According to the figures 
given out, the “Birmingham,” in 24 hours, 
consumed 70.2 tons of coal and 23.3 tons 
of water. ‘The “Chester,” which has Par- 
sons turbines, used 83.8 tons of coal and 
23.3 tons of water, while the “Salem,” 
which has Curtis turbines, used 105.8 tons 
of eoal and 12.68 tons of water. 





The annual meeting of the National 
Association of Cotton Manufacturers will 
be held at the Mechanics’ Fair building, 
Boston, April 28 and 29. Among the pa- 
pers to be presented which will interest 
power users are those upon “Commutator 
Grinding,” “Economy in Steam Generat- 
ing” and “Proper Care of Machinery.” 





A press despatch states that in Oneida 
township, three miles north of Hunting- 
don, Penn., there has been discovered a 
species of bituminous coal closely resem- 
bling cannel coal. 
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Some Gas Engine Calculations Based 
on the Volumetric Analyses of 
Fuel and Exhaust Gases 





By A. L. Westcott 





The heating value per cubic foot of a 
gas may most readily be determined by 
means of a gas calorimeter, and this 
forms a very essential adjunct when test- 
ing a gas engine for efficiency. If, how- 
ever, it is desired also to determine the 
proportion of air to gas in the mixture, 
the volume of exhaust gas and the heat 
carried off in the exhaust, some other 
method must be employed. Volumetric 
analyses of the gases, if carefully and 
accurately made, give data which may 
form the basis of such calculations. 

The principal combustible constituents 
of any fuel gas are carbon monoxide 
(CO), hydrogen (H), methane or marsh 
gas (CH,) and ethylene gas (C.H,). The 
usual analysis gives the proportion of 
these by volume, and knowing the heat 
value of each in B.t.u. per cubic foot, the 
heat value of the gas is readily determined 
by multiplying the fractional part of each 
constituent by its heating value and add- 
ing together the products. 

Table 1 gives the weights per cubic foot 
and heat values at 62 degrees temperature, 
Fahrenheit, and atmospheric pressure: 








TABLE 1. WEIGHT AND HEAT VALUES 


OF GASES AT 62° F. 




















Weight |Heat Value 
per Cubic| in B.t.u. 
Foot, per Cubic 
Gas. Symbol. | Pounds. Foot. 
Carbon mon- 
ee co 0.07354 320.6 
Hydrogen...... H 0.00527 324.7 
Methane....... CH, 0.04205 990.7 
Ethylene...... C,H, 0.07356 1579.4 
The exhaust gas contains steam and 


CO: from the combustion of hydrogen and 
carbon, together with nitrogen and, if an’ 
excess of air was used in the mixture, 
oxygen. The proportion of dry gases can 
readily be found with the Orsat apparatus 
for flue-gas analysis. The steam present 
condenses upon cooling the sample of 
gas, and can be determined only by calcu- 
lation from the analysis of the dry gas. 

For example, assume the following 
analyses of fuel and exhaust gases from a 
gas engine using producer gas: 


PRODUCER GAS. 


Per Cent. 
Se ee a iplank ahs cee Ge Be Tee - 
ae ne eae ete ica Te . nee 
i 0.4 
a 2.5 
DR enka acetate one i es ere dees 565.3 
Ce coe ee Lore eae s 0.3 

EXHAUST GAS. 

Ter Cent, 
SE eer 13.9 
oP. 4.6 
ica ahs otis te eee eases Goan ta a ee 81.5 
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The heat value of the gas is computed 
as follows: 


CO, 0.27 x 320.6 86.5 
i PCIE lias oc oo wielsrw aie 40 nied leche 38.9 
oes Ee Foc oi ee ee ee so a weleer 24.8 
eR ar ieee: 6.3 


Total heat value, B.t.u. per cubic foot. 156.5 


In the combustion of the producer gas, 
oxygen is required in the following pro- 
portions: 


(1). One eubic foot of CO + 4 cubic foot of O 
makes one cubic foot of CO,. 


(2). One cubic foot of H + % cubic foot of O 
makes one cubic foot of H,0. 


(3). One cubic foot of CH, + 2 cubic feet of O 
makes one cubic foot of CO, + two cubic feet of 
H,0. 


(4). One cubic foot of C,H, + 3 cubic feet of O 
makes two cubic feet of CO + two cubic feet of 
H,0. 

The CO: contained in the exhaust gases 
comes from items (1), (3) and (4), to- 
gether with the CO: contained in the pro- 
ducer gas. Furthermore, in case of items 
(1): and (3), the volumes of CO: pro- 
duced by combustion are the same as the 
volumes of CO. and CHs, while in case of 
item (4) the volume is double. To de- 
termine the volume of CO: resulting from 
the combustion of one cubic foot of the 
gas, therefore, it is necessary only to add 
the proportions of CO, CHs, and CO:, and 
double the C.Hy. In the case assumed, 
0.27 + 0.025 + 0.025 + 2 X 0.004 = 0.328 
cubic foot. From the analysis of dry gas 
in the exhaust, there is 0.139 cubic foot 
of CO: per cubic foot of exhaust. Divid- 
ing 0.328 by 0.139 gives 2.36 as the num- 
ber of cubic feet of dry exhaust gas per 
cubic foot of producer gas burned. 

The air supplied per cubic foot of- gas 
may be computed from the nitrogen in the 
exhaust gases. The proportion of nitro- 
gen in the present case is 81.5 per cent.; 
0.815 xX 2.36 = 1.92 cubic feet of nitrogen 
per cubic foot of gas burned. 

The gas carries 55.3 per cent. of nitro- 
gen, and the quantity of nitrogen in air 
supplied per cubic foot of gas is, there- 
fore, 1.92 — 0.553 =: 1.367 cubic feet. 
Since air is composed of 79 parts nitro- 
gen and 21 parts oxygen, the quantity of 
air supplied per cubic foot of gas was 
1.367 + 0.79 = 1.73 cubic feet. The air 
required for combustion was as follows: 


Cu. Ft. 

OD onvnccvareceneeeas ot x ar = 0.643 

TD inners ankaneunesan aa x or = 0.286 

CU cvcacueicncte 0.025 x 2x — = 0.238 

Ec Scscatapece 0.004 x 3X — = 0.057 

DOU. ociccccccccsccsececenecese-es 1.224 
The excess air, therefore, is 1.73 — 


1.224 = 0.506 cubic foot per cubic foot of 
gas taken in by the engine. 


HEAT REJECTED IN EXHAUST 


From Table 2 the specific heat of the 
dry exhaust gas may be computed. The 
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TABLE 2. SPECIFIC HEATS OF EXHAUST 
GAS CONSTITUENTS AT 62° F. 


























laa Specific 

Specific | Weight | Heat, 

Gas Sym- Btu Per Bt. 

; bol. Per Cubic — 

Foot. Cubic 

Pound. | , Hock. 

Oxygen.... O 0.2175 | 0.0840 | 0.0183 
Nitrogen... N 0.2438 | 0.0737 | 0.0180 

Carbon = di- 

oxide....| CO, | 0.2170 | 0.1156 | 0.0251 
foregoing computations gave 1.92 cubic 


feet of N, 0.328 cubic foot of CO: and 
0.046 X 2.36 0.108 cubic foot of O per 
cubic foot of gas consumed. The heat re- 
quired to raise the temperature of one 
cubic foot of the dry exhaust gas one 
degree, therefore, is as follows: 





B, ee, See 0.0345 B.t.u. 
O, @.306e0.0186......,.... 6.00107 Bt.u. 
WO,, 0. S26R0.0261. .... 2.6.50 0.0082 B.t.u. 

NNR oo cisk rss arrieiiacsiciticaeie 0.04467 B.t.u. 


The heat carried off by steam is de- 
termined from the following considera- 
tions: One pound of hydrogen plus eight 
pounds of oxygen produce nine pounds of 
water vapor or steam. Also, in methane 
one-fourth of the entire weight is hydro- 
gen; that is, one pound of hydrogen unites 
with three pounds of carbon to make four 
pounds of marsh gas. Similarly, one- 
seventh of the weight of ethylene gas is 
due to hydrogen. 

Referring to Table 1 for the weights 
per cubic foot, and to the assumed analysis 
of producer gas for the proportions of 
these constituents, the steam produced per 
cubic foot of producer gas is computed 
thus: 





From Pound. 
Hydrogen.... 0. 12% 9 0.00527 x 9 = 0.00569 
Methane..... 0.025 x -3- X 0.042.5 x -2 = 0.€0236 
Ethylene..... 0.004 & -2 & 0.07356 = 0.00038 

Total weight of steam............. 0.00843 


The pressure of the exhaust being as- 
sumed as that of the atmosphere, the heat 
contained in the steam at the temperature 
of saturation, above 62 degrees, is: 


Heat of vaporization 966x0.00843....... 8.14 
Heat of liquid (212—62)x0.00843....... 1.26 
WE OR, TENN soo an arse a Sawrniee ere ~ 9.40 


The heat per degree of superheat above 
212 degrees is 0.00843 X 0.48 = 0.00405 
B.t.u., 0.48 being taken as the specific heat 
of superheated steam. 

Suppose the temperature of the exhaust 
is 600 degrees. The heat rejected per 
cubic foot of gas is: 


B.t.u. 

In dry gases, 0.04467 k (600—62)....... 24.03 
In steam, heat of liquid + vaporization at 

eg cist t yl Cala te, se MT ike 9.40 

In steam, superheat, 0.0405 (600—212).. 1.57 





Total heat in the exhaust per cubic foot. 35.00 


The percentage of the heat supplied in 
the producer gas that is rejected in the 
exhaust, therefore, is 
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Should Sine or Cosine be Used in 
Computing the Discharge Area 
of Bevel-seated Valves? 





By F. R. Low 


There was some disagreement in the 
discussion upon safety valves by the 
mechanical engineers a short time ago 
as to whether the lift should be multi- 
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plied by the sine or by the cosine of the 
angle of the seat in order to get the area 
of the opening available for the discharge 
of steam. 

There could, of course, be no 
confusion about so simple a matter if 
everybody understood the problem alike 
and meant the same thing when speaking 
of it. 

It all depends upon whether the angle 
taken is that which the bevel of the seat 
makes with the vertical or with the hori- 
zontal; with the axis through the spindle 
or with a line at right angles thereto. 

In Fig. 1 the valve is 


such 


lift ed 


shown 
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vertically from its seat the distance a c, 
but the width of the passage opened for 
the escape of steam is only bc. Now, 
he is the sine of the angle at a and the 

sine of the angle at c. ‘In Fig. 2 this 
triangle is reproduced upon a_ larger 
scale and the dotted portion added. The 
little triangle abd is similar to the larger 
triangle abc, and in it the angle at a is 
the same as that at c in the larger tri- 
angle. But this is the angle which the 
seat makes with the horizontal and be 
is the cosine of this angle. 

When the rule says “multiply by the 
sine,” the angle made by the lines ab and 
ac meeting at a is meant, i.e., the acute 
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angle between the line of the seat or the 
face of the valve and a vertical drawn 
across it. 

When the rule says “multiply by the 
cosine,” the angle made by the lines ac 
and bc, Fig. 2, meeting at c is meant, i.e., 
he acute angle made by the line of the 
seat with the horizontal or by a line bc 
ut right angles to the seat with the verti- 
al. With the common 45-degree bevel 

does not make any difference, for both 
these angles are equal and the sine and 
‘osine are the same. See Fig. 3. 

Practically the only other angle used 
tor a beveled seat is 60 degrees, and this 

made with the seat 60 degrees to the 
vertical, as in Fig. 4, and the width of 
the passage be is the lift multiplied by 
0.866, the sine of 60 degrees. 


+ 
t 
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It would avoid confusion, always to 
speak of the bevel as of that angle which 
it makes with a vertical. If, for example, 
a seat were beveled as in Fig. 5, it should 
be called a 30-degree seat and not a 60- 
degree, the 60-degree angle being with 
the horizontal. 

The smallest area for the egress of 
steam is the surface of a truncated cone 
made by carrying the line bc around the 
circle, as shown in Fig. 6. This area will 
not be found exactly by multiplying bc, 
found as just described, by the circum- 
ference of the inner edge of the seat, 
which would give the surface of a cylin- 
der of that diameter and of the length 
bc, Fig. 7. To be accurate, half the side 
he should be multiplied by the sum of the 
cifcumferences at b and at c. The differ- 
ence is too small, however, to bother with 
in so unprecise a problem as the discharge 
of a safety valve. 





Preparation of Boilers for Inspection 
By J. E. TERMAN 


Engineers are vitally interested in the 
safety of the boilers under their charge, 
for in the average plant the engine room 
is located so that the engineer’s exposure 
to personal danger from an explosion is 
almost as great as that of the boiler at- 
tendant, and if no other reason existed, 
this should make him cautious. 

One of the most important requirements 
conducive to a safe boiler, aside from a 
few very necessary rules of operation, is 
that thorough expert inspections, both in- 
ternally and externally, be made periodi- 
cally to determine if injury has resulted 
from use. It is best to have such expert 
inspection at least once a year, but regard- 
less of who examines the boilers, it is the 
moral duty of the engineer-in-charge to 
know by actual observation just what con- 
dition his boilers are in. For average 
conditions of operation, about three inspec- 
tions should be made by the engineer each 
year. The purpose of the writer is to 
describe how boilers may be prepared for 
inspection. 


Coottinc Down a BOILER 


The time that may be taken to cool a 
boiler varies with the equipment of each 


plant; in instances 


some one or more 
boilers being always idle, there is no 
need of hastening the cooling-off. When 


conditions require that a boiler be cooled 
off quickly for any purpose, it can be 
accomplished without injury by going 
at the job in a systematic manner. The 
first step is to find how the heat to be 
dissipated is distributed. 

Assuming that we have an 18-foot by 
72-inch horizontal return-tubular boiler, 
running at 150 pounds pressure, to be 
cooled to 120 degrees Fahrenheit for 
satisfactory inspection work, the heat to 
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be dispelled in accomplishing this cooling 
will be about as follows: 

The setting will be composed of ap- 
proximately 25,000 brick, and it can be 
assumed that the average temperature of 
the setting while running is 700 degrees 
Fahrenheit, and to reduce it to 120 degrees 
Fahrenheit would require the extracting 
of about 13,000,000 B.t.u., using 0.2 as the 
specific heat of brickwork. The water and 
steam in the boiler will contain approxi- 
mately 4,650,000 B.t.u., and the material 
of which the boiler is constructed 514,000 
B.t.u. above the amount contained at 120 
degrees Fahrenheit. 

Assuming these figures to be approxi- 
mately correct, it is readily seen that the 
setting is a very large reservoir of the 
heat that is The only 
practical way of dissipating the heat con- 
tained in the setting walls with fair speed 
and without injury, is by means of the 


to be expelled. 


stack; that is, hy passing large quantities 
of relatively cool air over the 
conduct the away. To 
this rapidly all openings in the 


surfaces to 
heat accomplish 
setting and 
flue doors should be closed and the dam 
per and fire doors left open, or, in other 
words, the boiler left just as it would be 
in operation, with the exception of the fire 
doors. 

While this seems like a simple and 
obvious requirement, it would be surpris- 
ing to many, who have not had experi- 
ence in this line, to know how many 
boiler attendants imagine that the greater 
the number of doors left open in a setting 
the more rapidly the heat will 
while the reverse is true. 


escape, 


Although the air passing through the 
setting and boiler carries away the heat 
from the boiler and contained water, as 
well as from the setting walls, there is an- 
other means of dissipating the heat con- 
tained in the water and boiler, if a way is 
at hand for continuing the flow of feed 
water. For this purpose cool water should 
be fed in very slowly and the blowoff 
valve opened just enough to maintain the 
water level at some point in the gage 
until the setting has 
properly cooled should the water be let 
out of the boiler. It is not likely that 
serious strains will be set up in a boiler 
in cooling down, as long as the water level 
is kept up to the ordinary working point. 
In some plants, a practice is made of 
blowing out the water as soon as the pres- 
sure has fallen to five or 10 pounds, re- 
gardless of the temperature of the brick- 
work, subsequently cooling the tubes and 
shell by a stream of cold water from a 
hose. This is very bad practice and’ fre- 
quently leads to leaky tubes and seams. 


glass, and not 


CLEANING THE COMBUSTION CHAMBER 

After the setting has cooled sufficiently 
the ashes should be hoed out of the com- 
bustion chamber. Some engineers, instead 
of taking them out, make a practice of 
wetting them down with a hose. This 
should not be done, as it damages the set- 
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ting walls and it is dangerous for the 
inspector. 

Many a serious burn has been received 
by crawling into a combustion chamber 
which has been treated in this manner 
and sinking through a cold crust of 6 or 
more inches into red-hot ashes. Inspec- 
tors soon become wary of these condi- 
tions. It is really surprising how long 
heat may be retained beneath ashes in a 
combustion chamber. The writer has seen 
sawmill boilers, where wood was burned, 
which had been idle a week, and although 
everything was apparently stone cold, red- 
hot ashes could be found a foot below the 
surface in the chamber back of the bridge- 
wall. 

For proper inspection the grates of a 
boiler should be raked clean of ash and 
clinker, for it is extremely unpleasant, 
and painful, to crawl through a bed of 
clinkers, as anyone who has tried it can 
testify. 

In the vertical or locomotive type of 
boiler the grate bars should be removed 
entirely, for corrosion is extremely liable 
to occur on the furnace sheets at the 
grate level, and a proper inspection can 
rarely be made with the grate bars in 
place. 


CLEANING THE EXTERNAL SURFACES 


The external surfaces of water-tube 
boilers cannot be too well cleaned to aid 
inspection, unless it is at the tube ends, 
where accumulations caused by leaks may 
be present. These should be left to be 
cleaned by the person making the inspec- 
tion. Such accumulations attract atten- 
tion to the leaks, and the amount and 
nature of the accumulations assist the in- 
spector in forming a correct opinion of the 
importance of the leaks. The foregoing 
reasoning applies to evidences of leaks at 
any point glong the seams, shell or tube 
ends of all types of boiler. The blowoff 
pipes should be exposed for examination, 
as rapid corrosion frequently occurs on 
the piping to this attachment, and if it is 
not arranged so that it can be easily in- 
spected, the equipment is defective, and 
proper changes should be made. The 
same reasoning applies to mud drums, 
where such devices are used, and while it 
is advisable to protect them from the heat 
and ashes, the protection should be readily 
removed to permit proper inspection. 


CLEANING INTERNAL SURFACES 


If the inspection is for the purpose of 
determining the cause of a bag, or a leak 
at a seam, or tube end, or any similar de- 
fect, the interior surfaces should not be 
disturbed until after the inspection has 
been made, for convincing evidence of 
the cause of such defects may be removed 
in cleaning. However, the boiler should 
be opened, to permit drying out. If no 
defects as mentioned are known to exist, 
the boiler should be scaled and thoroughly 
washed out. This applies especially to the 
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bottom of the return-tubular type, where 
accumulations of scale make it difficult to 
detect grooving at the seams, and other 
types of corrosion. 

A necessary condition to permit com- 
fortable and thorough internal inspection, 
where other boilers are being operated at 
the time of the examination, is that the 
valves connecting the boiler with the 
steam main and feed line be tight. An ex- 
cellent precaution is to have all the valves 
to these connections locked shut during 
the cleaning and inspection of a boiler. 

With the agitation for enactment of 
laws to prevent loss of life by boiler acci- 
dents, it would not seem amiss that such 
a requirement as locking the valves on a 
boiler during inspection and cleaning be 
added. This precaution also applies to 
the blowoff valve, where several boilers 
are connected to a single blowoff line, for 
doubtless the greater number of accidents 
due to scalding have been caused from 
this connection, owing to its apparent 
harmless nature, being on an open line. 
The experienced inspector soon learns to 
make it a fast rule, in plants where other 
boilers are in operation, to see that the 
blowoff valve on a boiler he is about to 
enter is closed, and he never takes any- 
one’s word for it. 


ATTACHMENTS 

Where safety valves are equipped with 
discharge pipes, they should be arranged 
so that a section next to the valve can be 
easily removed, to permit examination of 
the springs and moving parts. The steam 
gage should be removed from the boiler, 
so it may be compared with a test gage, 
and any necessary connections made. 

Except in rare instances, there is no 
justification for placing in a boiler any 
apparatus which will interfere with easy 
access through the manholes, or proper in- 
spection of the interior surfaces; if such 
conditions do exist, the attachment should 
be arranged so that it can be removed 
when an inspection is to be made. 

The points here given are only some of 
the main features for the average plant; 
numerous other details for each specific 
case will suggest themselves to the pro- 
gressive engineer, who is endeavoring to 
obtain the maximum benefit from such 
examinations. 





The United States Civil Service Com- 
mission announces an examination on 
May 5 to secure eligibles from which to 
fill a vacancy in the position of mechanical 
assistant, at a salary of from $900 to 
$1200 per annum, in field investigations, 
Bureau of Plant Industry, Department of 
Agriculture. Applicants should have a 
knowledge of refrigerating machinery, and 
it will be necessary that the appointee be 
of slender physique on account of the 
limited space available in which some of 
the work must be done. Application form 
1093 should be secured. Apply to the 
commission, at Washington, D. C. 
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Catechism of Electricity 





INSTALLATION OF INDUCTION Morors 


1017. What consideration should gov- 
ern the location of an induction motor: 


It should be placed where it is easily 
accessible for inspection, oiling or clean- 
ing, and repairs. It must not be exposed 
to moisture, leaky steam pipes or dirt and 
coal dust. It should receive proper ven 
tilation and should be mounted so that 
there is sufficient distance between its pul 
ley and the pulley on the machine driven 
by it to permit the belt to drive efficient, 
and without excessive tension. 


1018. What kind of foundation is most 
desirable? 


A heavy timber or a concrete founda- 
tion as shown in Fig. 286 is best. It 
should be sufficiently heavy and so 
well bonded that there will not be 
any vibration. The foundation of the 
motor and of the driven machine should 
set with respect to each other so that the 
two shafts are parallel, in order that the 
rotor or rotating parts of the induction 
motor may “float” in its bearings. 


1019. Jn lining up a belted induction 
motor with the driven pulley what special 
frecautions should be observed? 


The position of the motor with respect 
to the driven machine should be such 
that the belt will be tight enough to run 
without slipping, but not so tight that the 
bearings become unduly heated. The 
crowns of the two pulleys should be as 
nearly as possible alike to prevent the 
belt from wabbling; the greatest diame- 
ter should be at the center of the pulleys 
so that the belt will travel true and allow 
the rotor shaft to float. The belt must 
be free from grease and dirt, else it is 
likely to slip and flap, and the edges of 
the belt must stretch equally or there will 
be an objectionable sidewise movement of 
the belt on the pulleys. 


1020. Jn alining a direct-connected in- 
duction motor, what special precautions 
should be observed? 


The shafts of the machines to be 
coupled must be in perfect alinement with 
each other, and this alinement must be 
maintained by building the foundations 
so that they will not settle or vibrate. 


1021. Jf the motor is to be geared to 
its load, what points should be considered’ 


The shafts must be carefully adjusted 
to parallelism and set the specified dis- 
tance apart. The pinion should fit securely 
on the motor shaft, but not so tightly that 
it cannot be forced on or off with moder- 
ate pressure. If the pinion is driven on 
by heavy blows with a ram or sledge the 
rotor conductors are liable to be jarred 
out of place and damaged. 
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1022. If it is desired to use the motor 

other than an upright position, what 
changes are necessary? 

Ordinarily induction motors are made 
so that the only change necessary for 


operating them in other than an _ up- 
right position is the shifting of the 


bearing brackets either 90 degrees or 
180 degrees, as the case may be, in order 
that the oil wells shall remain in their 
proper position. 


1023. Are there any special precautions 
to be observed when shifting the bearing 
brackets? 

Care must be taken to replace them so 
that the rotor is properly centered. The 
air gap between the rotor and the pole 
faces must be the same at all points. 
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1026. What should be the capacity of 
ihe conductors and fuses in the motor 
circuit with respect to the full-load motor 
current? 

For ordinary service the conductors and 
fuses should have a capacity 1% times the 
full-load current. Where elevators or 
hoists are operated by the motors or 
wherever heavy starting duty is required 
of them, the capacity of the fuses should 
be 2% times the full-load current. 


1027. What size of conductor would 
be necessary for wiring up a two-phase in- 
duction motor, requiring 43 amperes, for 
ordinary service? 

The capacity of the conductor, accord- 
ing to answer No. 1026, should be 
14 X 43 amperes = 64.5 amperes. Re- 





FIG, 


1024. In assembling an induction motor 
just received from the factory, what points 
should be observed? 

The bearings and oil wells must be 
carefully wiped clear and the shaft rubbed 
with oil before being put into place. Only 
the highest grade of dynamo oil should be 
used in the bearings and they must be 
filled to such a hight that the surface of 
the oil comes above the lowest edges of 
the oil rings. The oil rings must revolve 
freely and carry sufficient oil to flood the 
bearings. 


1025. In wiring up an induction motor, 


how is one to know what size conductor 


; 


to use? 


The size of conductor to use is, of 
course, determined by the amount of cur- 
rent the motor requires. The full-load 
current for an induction motor is usually 
stamped on the nameplate. When it is 


not, the builder should be asked to 
specify it. 


286. SUBSTANTIAL FORM OF FOUNDATION FOR AN INDUCTION MOTOR 


ferring to the table under Q. No. 52 show- 
ing the carrying capacities of copper 
wires, it will be found that for concealed 
work a No. 3 B. & S. gage conductor is 
the smallest size that will safely carry this 
current. 


1028. What size fuse should be em- 
ployed in a three-phase. motor circuit if 
the motor requires 13 amperes at full load 
and is to be used as a hoist? 


For hoist work the fuses should be 
rated at 2% times 13 amperes; that is, 
they should be capable of carrying 
2.50 X 13 = 32.5 amperes, without melt- 
ing. Referring to answers Nos. 645 and 
652 a ribbon form of fuse rated for 35 
amperes in either the open or inclosed fer- 
rule contact form would the 
purpose. 


answer 


OPERATION OF INDUCTION Morors 


1029. Are the starting conditions of 
different induction motors about the same? 


697 


No, they differ widely. Some start with 
full-load current and full-load torque, 
while others require two or more times 
their full-load current in starting under 
similar conditions. Two-phase and three- 
phase induction motors start with a higher 
torque and lower current than do single- 
phase induction motors. 

1030. What is objectionable about a 
large starting current? 

It is 
effects 
circuit. 


highly inductive and has very bad 
on the regulation of the supply 


1031. Jn the operation of an induction 
motor how may the starting current be 
kept down? 

By inserting resistance in the rotor cir- 
cuit at the time of starting or by starting 
the motor on a voltage lower than the 
normal line voltage. 





Washington Meeting of the 
A. S. M. E. 





The announced program for the Wash- 
ington meeting of the American Society 
of Mechanical Engineers is as follows: 


Tuespay, May 4, 8:15 P.M. 

Informal reception at the New Willard 
hotel. 

Address of welcome by Hon. Henry B 
F. Macfarland, president of the Board of 
District Commissioners. 

Response by President Jesse M. Smith. 


Wepnespay, May 5 
Professional session at 9:15 a.m. 
Sight-seeing automobile trips about the 

city, at 10 a.m., for the ladies. 

Reception of members and guests by the 
President of the United States in the East 
Room of the White House at 2:30 p.m. 

Trips to nearby points of interest at 4 
p.m, 

Illustrated lecture by F. H. Newell, di 
rector of the Reclamation Service, on 
“Home-Making in the Arid Regions,” at 
8:15 p.m. 


TuHurspay, May 6 

Short professional session at 9:15 a.m. 

Trips for ladies to points of interest in 
and about the city at 9:15 a.m. 

Special exhibition drill by troops at Fort 
Myer at 2°p.m. 

Social reunion. Address by Rear Ad- 
miral Melville, on “The Engineer in the 
Navy,” at 8:15 p.m., to be followed by 
presentation to the National Gallery of a 
portrait of Rear Admiral Melville, with 
acceptance by Dr. C. D. Wolcott, repre- 
senting the nation. 


Fripay, May 7 

Professional session at 9:15 a.m. 

It is possible that during the convention 
there will be ascensions of a_ dirigible 
balloon and an aéroplane, to which mem- 
bers and guests may be invited. 
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POWER AND THE ENGINEER. 
Handling the Peak Load 





If a flexible expanding and contracting 
grate could be designed, by means of 
which the correct relation of grate area 
to generator output could be maintained, 
a measurable reduction in the coal cost 
per kilowatt-hour would result. In power 
plants where the peak load for a short 
time amounts to three or four times the 
average load, the economical handling of 
this peak becomes a serious problem. 

Generating units which may be operated 
without a marked loss in efficiency over a 
range of output from three-fourths load 
to an overload of fifty per cent. are com- 
mon, and when not in operation do not 
eat into the coal pile. 

When the average, the maximum and 
the minimum demands and their probable 
duration are known, generating units may 
be selected of such capacity that the en- 
tire range may be covered by two or three, 
and the steam cost per kilowatt-hour vary 
but little from the average, whether oper- 
ating on the peak or on the lightest run. 

But it is somewhat different in the 
boiler plant. Here an area of grate sur- 
face sufficient for the utmost needs of the 
service must be kept in readiness for use 
all of the time. Banked fires cost money 
in more ways than one, and not the least 
cost is in the investment involved in boil- 
ers where this method is followed; and in 
various directions designers are working 
to increase the output of boilers without 
appreciably reducing the efficiency. 

Experiments with this end in view have 
been numerous. In one instance the grate 
area under a boiler was doubled by the 
installation of an additional stoker at the 
rear end of the boiler, on the grates of 
which the fire was banked during part 
of the day. Whatever this combination 
lacks of realizing the highest efficiency in 
operation and the loss that obtains in a 
banked fire at one end of the boiler dur- 
ing a part of the time, it probably costs 
less in investment and in operation than 
two boilers, each equipped with one 
stoker. 

In another attempt along the same line 
oil burners were installed under a portion 
of the boilers, to be used on the peak 
load. Oil is a more expensive fuel than 
coal in most localities, but the fire does 
not need banking when not in use, and it 
was thought that the cost of using some 
oil fuel part of the time would be less ex- 
pensive than using coal for all of the 
fires. 

In still another case oil burners were 
installed above the coal fires, with the in- 
tention of burning all of the coal possible 
on the grate, and with the oil burners so 
designed that the necessary air for their 
operation would enter the furnace with 
the oil, thus increasing the volume of hot 
gases, if not also the temperature of the 
furnace. 

In the first and last of these three ex- 
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periments to make an efficient and elas- 
tic boiler-room equipment the investment 
in boilers is reduced to the lowest prac- 
ticable amount, while in the second, 
although the boiler investment is not re- 
duced, the waste attending the slow, in- 
efficient burning of coal in banked fires 
is avoided. 





The Progress in Marine Engineering 





From September 25 to October 9 of this 
year the State of New York will com 
memorate the three hundredth anniversary 
of the discovery of the Hudson river and 
the one hundredth anniversary of the su 
cessful introduction thereon of steam 
navigation. For nearly twenty centuric; 
the river flowed on undisturbed by man, 
save when the savage propelled himseli 
from shore to shore on a floating log, o: 
when later he burned a hollow in a log, in 
semblance of a boat, or, as his mental ca- 
pacity broadened, built his canoe of the 
bark of trees and propelled it by crude 
paddles. Thus as recently as a hundred 
years ago the motive power for boat’ pro- 
pulsion was human muscle. 

It is difficult to realize this now. The 
gigantic steamships of today are so com- 
mon that they attract slight attention; 
yet they had a beginning. Fulton did not 
construct a modern seamship, but he ap- 
plied the power of steam to the paddlc- 
wheel of a boat and revolutionized the 
then existing method of ship propulsion: 
The history of invention contains almost 
countless instances of great discoverics 
which were the outgrowth of small begin- 
nings. There were steam engines in crude 
forms long before Robert Fulton was 
born; and men had attempted the propul- 
sion of ships by steam, but they had ne‘ 
grasped the requirements necessary for 
commercial success. 

Today, when it is that a 
valuable discovery has been made, or a 
new invention has been perfected, the in 
ventor finds scores of capitalists ready to 


announced 


back him with their money, provided it 
is worth while. Not so with Fulton, 
however, for while he was at work upon 
the “Clermont,” which the disbelieving 
public called “Fulton’s Folly,” tokens of 
encouragement were few and far be 
It was only after the run from 
New York to Albany, one hundred and 
fifty miles in thirty-two hours, the entire 
run having been performed by the power 
of steam, that the significance of his 
achievements was realized. The old Hud 
son river had not witnessed a sight even 
approaching this since the “Half Moon” 
sailed over the same course nearly two 
hundred years before. 

The advancement in steam navigation 
during one hundred years has been mar- 
velous. Today the Hudson river is the 
pathway of thousands of steamships. The 


tween. 


run to Albany is made day and night by 
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steamers of types unequaled throughout 
the world; the waters of the river are 
cleaved by the prows of the “Lusitania” 
and “Mauretania,” the largest and finest 
steamships in the world — magnificent 
monuments to the growth of marine engi- 
neering in one hundred years. 

While it is true that Fulton did not 
build the first boat propelled by steam, he 
inaugurated the great movement of steam 
navigation, and he has justly been called 
“the father of American steamboating.” 





Safety for Boiler Attendants 


An article on another page of this issue 
suggests that the valves leading to the 
steam main and other lines on a boiler 
which is being cleaned, inspected, or re- 
paired, be locked shut, to prevent acci- 
dental opening of them while someone 
is inside the boiler. Such a requirément 
added to municipal or State boiler laws 
would apparently be a step in the right 
direction. 

As has been previously stated in these 
columns, the only excuse for the exist- 
ence of laws licensing engineers and fire- 
men, and supervising boiler construction, 
is the avowed purpose of throwing safe- 
guards around human life. Should not 
the lives of the boiler attendant or in- 
spector, or the boiler repairman, be safe- 
guarded with as much zeal as those of 
other employees, or the casual passer-by 
or lounger around the plant? 

We frequently read of some frightful 
accident in a plant, where a boiler attend- 
ant has been imprisoned in a boiler and 
scalding steam or water turned on, the 
general cause being an ignorant fellow 
operative, who has opened valve 
without knowing the fearful consequences 
that would result; and the accident is 
soon forgotten, the general opinion being 
that until more intelligent operatives are 
demanded, such accidents will occur with 
more or less frequency. Such reasoning 
is without foundation, for only a few men 
in a plant should have authority to open 
and close valves, and to prevent accidents 
due to their forgetfulness or from the 
zeal of the fool meddler, a lock would be 
very effective. 

it: ‘35, 


some 


without doubt, desirable to pre- 
vent making any rules governing boiler 
operation, or construction that are not 
absolutely essential to safety. For re- 
gardless of how complete rules may be 
made, conditions not contemplated will 
arise, and in such cases, with a few simple 
rules the judgment of the individual in- 
spector can be relied upon to adjust the 
details to suit each case. Notwithstand- 
ing this recognized need of brevity, we 
think such a rule as here advocated would 
be a very proper addition, and, if enforced, 
it would be as certain of accomplishing 
the purpose for which it was intended as 


any of the rules with which we are 
familiar. 
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Characteristics of the Turbine Pump 





The article published under the above 
title by Frederick Ray in our issue of 
March 23 has attracted a great deal of 
attention from practical engineers 
possible users of pumps of this class, as 
well as from pump designers. In fact, it 
was at the user of the pump that the 
article was directed, the curves indicating 
possibilities and performances of given 
pumps under varying conditions, rather 
than the effect of varying factors in the 
pump itself. 

It was only a few years since the centrif- 
ugal pump was restricted to a compara- 
tively narrow field and served only a few 
purposes, as where large quantities of 
liquid had to be lifted against low heads. 
For such purposes, especially for the hand- 
ling of sewage, the pumping out of ex- 
cavations, etc., the valveless and piston- 
less centrifugal offered particular advan- 
tages, and it has become so associated in 
the public mind with this class of work 
that it has been difficult to secure an ap- 
preciation upon the part of pump users of 
the progress which has been made in the 
development of this type of pump and the 
extension of the field to which it is 
applicable. 

Today there is hardly a service for 
which the centrifugal or turbine type of 
pump is not ready to compete with the 
piston variety. In several of the large 
power plants of the country they are suc- 
cessfully used to handle the boiler feed 
against high boiler pressures. Mr. Ray’s 
article shows in a simple and easily under- 
standable way the real merits, capabilities 
and limitations of the type. The relations 
of head, horsepower required, efficiency 
and capacity are admirably brought out 
in the diagrams which he furnishes and a 
little study of the article will put the engi- 
neer or power user into possession of the 
latest and best information attainable as 
to what is available and capable of ac- 
complishment in this line. 


and 





Turbine versus Reciprocating 
Engines 


We have several times referred to the 
three scout cruisers in which the United 
States Navy is trying out the comparative 
merits of the turbine and the reciprocat- 
ing engine. These are the “Birmingham,” 
with reciprocating engines; the “Chester,” 
with Parsons turbines, and the “Salem,” 
with Curtis turbines. 

The vessels are built to the same model, 
having a trial displacement of 3750 tons 
and engined for something like 16,000 
brake horsepower. 

Trial runs at 10 and 15 knots have been 
made with the following results, in tons 
of coal consumed : 


At 10 At 15 

Knots. Knots. 
“Birmingham” (Engine) 30tons 70.2 tons 
“Chester” (Parsons 40 tons 83.8 tons 
“Salem” (Curtis) 49 tons 105.6 tons 


C9) 


These results are unofficial and interest- 
ing only for comparison. At the 1o-knot 
speed the reciprocating engine is at a de- 
cided advantage, requiring only three- 
quarters as much coal as the Parsons tur- 
bine and about three-fifths as much as the 
Curtis. The “Chester” is a four-screw 
boat, while the others have but two screws 
each. Our advices do not say whether all 
of the turbines were used on the slower 
test. If they were not the Parsons tur- 
bine had the advantage of working more 
nearly to its capacity. 

The turbine, depending for its operating 
upon the interaction between jet and 
blade, is much more sensitive to depart 
ures from the speed for which it is de 
signed than the pressure engine, and its 
improved showing at the 15-knot speed is 
very apparent. Calling the consumption 
of the “Birmingham” 1, that of the 
“Chester” is 1.33 in the 10-knot and 1.19 
in the 15-knot trials, while that of the 
“Salem” is 1.63 and 1.50, respectively. 

It will be very interesting to see how the 
results will compare at the 24-knot speed 
which the vessels are expected to make. 





A License and Inspection Bill for 
Wyoming 





There is before the legislature of the 
State of Wyoming an act to establish a 
State Board of for Steam 
3oilers and examination 


Inspection 
for the and 
licensing of engineers. The bill, notwith 
standing its title and notwithstanding that 
in its text it provides that “they” shall do 
so and so, authorizes the appointment of 
but one inspector. All boilers, with the 
usual exceptions, are to be inspected an- 
nually and tested by hydrostatic pressure 
to exceed the working pressure allowed 
in the ratio of 100 to 75. A fee of $10 
for each boiler is exacted when there is 
but one boiler and $5 for each additional 
boiler when there is more than one in a 
plant. 

The fee for the examination of appli- 
cants for license is $7.50 for first-class 
engineers, $5 for second-class engineers 
and $3 for The 
license must be renewed each year, the re- 
newal being $1. If an engineer feels that 
he has been unjustly refused a license, he 


third-class engineers. 


may select an engineer holding a license 
of the grade of that for which he is apply- 
ing and this engineer with the inspector 
are to select another, these two with the 
inspector to give the man another exami- 
nation, which shall be final. 





The relative proportions of different 
expenses in power generation in the cen- 
tral stations of Massachusetts have been 
found to average as follows: For each 
dollar received from the consumer 14.5 
cents is spent for fuel, 7.3 cents for wages 
at the station, 1.5 cents for steam-plant 


repairs and 0.6 cent. for water. 
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Power Plant Machinery and Appliances 


Original Descriptions 
No Manufacturers’ 


Cuts 


of Power 
or Write-ups 


Devices 


Used 





MUST BE NEW OR 


Telescope Ash Elevator 





For steam plants such as are usually 
located in a basement or subbasement, and 
not a few of which are without access 
even to an alley, the problem of ash dis- 
posal becomes a matter of considerable 
moment. In the photographs reproduced 
herewith is shown a device well adapted 
to this purpose. 

This elevator, which is of the “tele- 
scopic” type, has been especially designed 
by the Chain Belt Company, Milwaukee, 
Wis., for elevating ashes from a basement 
and discharging them directly into a 


wagon drawn up at the curb. See Figs. I 











FIG. I. TELESCOPIC ASH ELEVATOR EXTENDED 
THROUGH SIDEWALK READY TO DIS- 
CHARGE INTO WAGON 


and 2. When not in use, it can be let 
down again through the opening in the 
sidewalk and left standing in its corner, 
where but little space is occupied. 
Fig. 3. 

The elevator frame, head and boot are 
of all-steel construction, well braced and 
stiffened. The buckets are of malleable 
iron, carried on an_ interlocking-chain 
belt particularly adapted to service of this 
character and placed at such intervals as 
to give satisfactory capacity at a minimum 
of power for operation, it is said. 

By means of the special links, the eleva- 
tor is locked at every point, thereby 
eliminating the possibility of an accident 


See 











FIG, 2. TELESCOPIC SIDEWALK ASH ELEVATOR 
EXTENDED 


IN eC tl pat OD 











FIG. 3. TELESCOPIC SIDEWALK ASH ELE- 


VATOR LOWERED 


INTERESTING 


and telescoping the apparatus, which 
would cause considerable damage. 

The mechanism for raising and lower- 
ing the elevator consists of racks and 
pinions operated by a worm-gear drive 
which takes its motion from the same 
countershaft that operates the elevator 
belt. Where convenient, a small electric 
motor may be used to transmit power to 
the apparatus, but the intermittent char- 
acter of the service will, in most cases, 
make connection to shafting more eco- 
nomical. 





Ene Foundry Company's Stoker 





The Erie stoker is of the overfeed 
plunger or shovel type. It consists essen- 
tially of a coal hopper, with an opening 
in the bottom at the end nearest the 
boiler; a conveyer for agitating or carry- 
ing the coal from the rear of the hopper 
to an opening at the front, where it falls 
by gravity in front of the plunger; a main 
cylinder and trough in which reciprocates 
a plunger piston which, with variable 
stroke, throws the coal to the different 
parts of the firebox. The variable stroke 
is given to the plunger by means of a 
rotary valve, from which three separate 
steam ports lead to the rear end of the 
cylinder, and three choke plugs, one for 
each of the steam ports. The office of the 
choke plugs is to vary the amount of 
steam reaching the rear end of the cylin- 
der through the various ports. As the 
valve operates, the ports stop full open in 
front of their corresponding steam pas- 
sages in regular succession. By choking 
down the steam with the choke plug near- 
est the rear of the stoker until that port 
is almost closed, there is obtained a very 
light stroke of the plunger, thereby dis- 
tributing the coal over the grate near the 
fire door. The other two choke plugs 
operate in turn in the same manner, only 
they are so adjusted that more steam is 
admitted on the second stroke than on the 
first, thus distributing coal over the mid- 
dle portion of the grate, and more on 
the third stroke than on the second, 
thereby scattering the coal over the rear 
end of the grate. By adjustment of the 
choke plugs any desired arrangement of 
distribution may be obtained. 

The conveyer is controlled by a small 
reciprocating steam motor, which also 
operates the valve that controls the speed 
of the plunger to provide a uniform 
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amount of coal for each stroke. A de- 
flector attached to the front of the trough 
is designed to spread the coal to the sides 
of the furnace as it is delivered by the 
plunger. This deflector is the only part 
of the stoker exposed to the fire, and it 
depends for protection upon exhaust 
steam from the ‘stoker, which passes 
through it. By having the stoker located 
outside of the firebox, if anything goes 
wrong it can be repaired without incon- 
venience; and being between the two fire 
doors, if there is a breakdown it is a sim- 
ple matter to hand-fire until repairs are 
made. It is also to be noted that prac- 
tically no change is necessary in the con- 
struction of the firebox. 

The stoker may be used with either 
natural or forced draft, no change to the 
grate bars being necessary, and any oper- 
ating engineer can install it without the 
services of an expert. It is built by the 
Erie Foundry Company, Erie, Penn. 





Ellison Differential-Direct Draft 
Gage 





In this draft gage a combination of a 
differential and direct draft gages in one 
simple instrument has been made. It is 
intended for measuring high fluctuations 
in pressures and drafts with accuracy, and 
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inches long; and in the 64-inch gage, the 
first 1%-inch equivalent head is multi- 
plied ten times, having a scale 15 inches 
long. In the 7-inch gage, the first 2 inches: 
of equivalent water’ head are multiplied 
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Engine Turning Device 





An engine-turning device that will ap 
peal to engineers and others interested in 





RIDGWAY 




















for serving both as a high- and low-pres- 
sure gage. The liquid is multiplied in the 
inclined tube over the differential scale, 
graduated in 0.01 inch, covering the range 
of low intensities of drafts and pressures, 
beyond which the percentage of error be- 
comes too small to be of importance to be 
multiplied and the liquid turns downward 
into the vertical tube over the direct scale, 
of 5-inch equivalent water head, gradu- 
ated equivalent to 0.1 inch and easily sub- 
divided into small fractions by reason of 
the small diameter of the bore of the indi- 
cating tube and the wider spacing of the 
graduations for oil to represent water. 

The liquid used is 39-degree Baumé 
oil, having a constant capillary attraction 
for which the gages are corrected, the 
rise of the liquid in the chamber and the 
specific gravity are compensated for in 
the design and arrangement of the scales, 
that the indications represent the 
equivalent of distilled water directly on 
the single reading scales without any cor- 
rections or calculations whatsoever. 

The gage is made in four capacities, 
comprising a 6-inch, a 6%-inch, a 7-inch 
and an 8-inch. In the 6-inch gage, the 
first inch of equivalent water head is 
multiplied ten times, having a scale 10 


so 


























— 
Power, N.Y. 


ELLISON DRAFT GAGE 


DIFFEREN TIAL-DIRECT 


five times, having a scale to inches long; 
and in the 8-inch gage, the first 3 inches 
of equivalent head are multiplied five 
times, having a scale 15 inches long. 

The frames are of aluminum, polished 
and buffed on the outside; and the scales 
are of a special, noncorrosive german sil- 
ver. This instrument is manufactured by 
Lewis M. Ellison, 6238 Princeton avenue, 
Chicago, TI. 





ENGINE-TURNING 











DEVICE 


Ridgway engines is shown herewith. The 
device is bolted to the frame of the engine 
and consists of a ratchet attachment which 
engages in teeth on the rim of the fly- 
wheel. By this means the largest engine 
made by the Ridgway Dynamo and En- 
gine Company, Ridgway, Penn., which 
also makes the device, can be moved from 
its center. When not in operation the 
handle bar is removed and the ratchet part 
thrown back out of engagement. 





A. I. E. E. Annual Meeting 





The annual convention of the Ameri- 
can Institute of Electrical Engineers will 
be held at the Hotel Frontenac, Thousand 
Islands, Frontenac, N. Y., beginning Mon 
day, June 28, next. A tentative list of 
papers to be presented includes the fol 
lowing: 

“Split-Pole Converters 
Battery Regulation at Gary, Ind.” 
J. L. Woodbridge. 

“The Reduction in Capacity of Induc- 
tion Motors Due to Unbalancing in Volt- 


and Storage- 
By 


age.” By S. B. Chartres and W. A. 
Hillebrand. 
“The Heating of Induction Motors 


By Alexander M. Gray. 
“Generators for 100,000 Cycles.” 
E. F. Alexanderson. 
There will also be three power papers, 
by D. B. Rushmore, and two educational 
papers, by H. H. Norris. 


By 
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Inquiries 


Questions are not answered unless they are 
of general interest and are accompanied by 
ithe name and address of the inquirer. 








Steam Superheats when Expanding in a 
Receiver 

In a pamphlet on “Compound Engines” 
[ read the following: “It is said that 
drop cannot be detrimental to economy 
because steam) expanding freely in this 
(in a receiver) loses no heat but 
becomes superheated, and at the lower 
contains every unit of heat it 
contained at the high.” 

To prove that this is a fact I tried the 
following experiment: With the ap- 
paratus shown in the accompanying 
sketch I throttled the down to 
various pressures, keeping the drain open 
a little, and I found that the temperature 
always corresponded with the pressure. 

By drawing the thermometer up into 
the 3¢-inch pipe and loosening the pack- 
ing nut, so the steam escaped around the 
thermometer bulb, the result was no dif- 
The thermometer is 4 
diameter and the hole 3 inch. 

| reason that there are fewer heat units 
per unit of volume in the tee, but why 
does not the temperature rise when the 
through the contracted 


way 


pressure 


steam 


ferent. inch in 


steam passes 
opening ? 
j.. B. 

Failure to find superheating in the steam 
is due to the fact that you probably 
started with wet steam, and the volume 
of steam in your fitting was so small as 
compared with the amount of radiating 
surface that condensation took place fas- 


Thermometer. 
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\PPARATUS USED IN THE EFFORT TO 
THAT STEAM SUPERHEATS WHEN 


EXPANDING IN A RECEIVER 


PROVE 


ter than superheating, and the heat gener- 
ated by expansion was absorbed in the 
evaporation of the moisture at the tem- 
perature due to the pressure rather than 
in elevating the temperature of the mass. 
in order to make the experiment effec- 
tive, you should have the surfaces abun- 
dantly protected by nonconducting ma- 
tcrial and assure yourself that the steam 
is dry when it reaches the apparatus. A 
lemonstration of the fact that steam 
superheats when expanded under these 
circumstances is found in the throttling 
calorimeter, which is very much along the 
line of the apparatus that you have de- 
ised. 
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Lumps of Scale in Boiler Tubes 

When we run the flue scraper through 
the boiler tubes we strike 
lumps of hard scale. What causes these 
lumps? 


sometimes 


E. F. 
Some of the tubes are leaking at the 
back end and the water is drawn into the 
tube and there evaporated, leaving behind 
all of the dissolved matter, 
sticks to the tube in form of scale. 


solid which 


the 


Cause of Pound in Check Valve 

Every time a certain plunger of our 
duplex feed pump sends water into the 
boiler the the feed line 
pounds. What is the probable cause? 

E.G, 

The motion of the plungers may be un- 
even, allowing the water in the pipe to 
come to Every time the moving 
water stops, the check valve will seat with 
more or Or the 
valves in the pump may be in such shape 
that they do not close promptly and the 
water flows back into the pump cylinder 
until the closing of the check valve in the 
feed line stops it. 


check valve in 


rest. 


less noise. discharge 


Angle of Deflection, etc., of Crank Shafts 


I am anxious to know a_ few 


about crank shafts: 


things 


(1) What is meant by the angle of de- 
flection? I have read that for a double- 
throw shaft of a compound steam engine 
it is between 0.000279 and 0.000412 second. 

(2) How can | determine the equiva- 
lent twisting moment, or the angle of 
twist, on, for instance, one of the double 
compound engines in the 
station of New York? The high-pres- 
sure cylinder is 42 inches in diameter, the 
lew-pressure cylinder 86 inches, the stroke 
5 feet, the revolutions per minute 75, the 
steam pressure 


Interborough 


175 pounds per square 
inch, the crank shaft 34 inches in diameter 
at the bearings, the length of the shaft 25 
feet 3% inches, and the flywheel genera- 
tor weighs 370,000 pounds. 

(3) What is the strength of that shaft, 
and how is it calculated against the bend- 
ing by the weight of the generator and 
for the twisting strain produced by the 
crank effort? 

H, #4. 

(1) Deflections are not usually meas- 
ured in angles and you probably mean 
angle of torsion. This term means the 
angle of twist in the shaft between any 
two points. 

This angle is 
6 x Ee 

= Mig 


where 


360 





6 is in radians (radian = degrees), 

M = Twisting moment on this length 
of shaft (foot-pounds), 

a—=Length of section of shaft in 
feet, 


793 


C = Shear modulus of elasticity for 
12,000,000, 
J] = Moment of inertia of the shaft 


steel == 


. ur . 
section = — — for solid shaft 
| Ww? a . | 11 
ang -———- — -—"""—- for NolOwW. 

2 2 ” 


(2) The angle of twist is found as 
already explained under question (1). 

To find the equivalent bending moment 
proceed as follows: 

Find the bending moment 
(\7,) between the bearings by the usual 
method of beams: 


maximum 
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Mzat X = R, X a. 
My, at Y = R, b — X (b—a). 
M, atZ = R, c— X (c—a)—Y (c—b). 
The 
the maximum bending moment: 


greatest of these moments will be 


Maximum twisting moment (M:) = 
Maximum crank thrust Length 


of crank, 


To combine these moments to get the 
equivalent bending moment, the most re- 
liable formula is Grashof’s: 


r mae rer ey 
hn fr tiy M .* + M,? ’ 
1 
where /, is the bending moment of 
Z : nm r* ser. 
inertia. = —— — ——— for a hollow 


4 

shaft, such as the Interborough engines 
(16 inthes bore in the center), and 7 
the outside radius of the shaft; the 
inside radius. 
the 
equivalent to a bending moment : 


Therefore, combined moment is 





Mom?M,+3$ \ M,?+4M,? 


(3) Grashof's formula gives a value for 
the extreme fiber stress f due to the com 
bined moment. This value should not ex- 


ceed the tensile strength of the steel di- 


vided by a suitable factor of safety, 
usually 5 or 6. 
Hence, 
7.000 
: 9 _— 15,000 


pounds per square inch. If 





r 
I, 





ts M,+¢ yf Ma +M,? =f, 


the shaft is safe. 





Book Reviews 


Tue Gas Encine. By Forrest R. Jones. 
Published by John Wiley & Sons, 
New York, 1909. Cloth; 455 pages 
6x9 inches ; 142 illustrations. Price, $4. 

This book has the merit of presenting a 

treatment of the subject which differs 
from the usual testbook routine, as well 
as some material not ordinarily found in 
such books. The author devotes a rather 
disproportionate amount of space to auto- 
mobile practice and a_ correspondingly 
meager quantity to stationary engines. 
The discussions of ignition systems, the 
physical properties of gases, combustion, 
fuels and gas producers are especially 
clear and satisfying and the tables com- 
piled from the Geological Survey coal- 
test report will be found of immense con- 
venience by anyone practically interested 
in gas producers. 


Notes ON HyproeLectric DEVELOPMENT. 
By Preston Player. McGraw Publish- 
ing Company, New York. Cloth; 68 
pages, 434x7 inches. Price, $1. 

This little work is intended to indicate 
general lines along which investigation 
should be made to afford a basis for form- 
ing a correct opinion of the merits of any 
proposed undertaking in the line of hydro- 
electric power-plant development from the 
investor’s viewpoint. Generating electric 
energy has reached such a degree of per- 
fection that what competition means must 
be thoroughly understood before hydro- 
electric enterprises are taken up. The 
author has divided the work into two 
basic inquiries: “What will be the cost 
of making any development?” and “What 
receipts may be expected from the under- 
taking?” and he has presented an intelli- 
gent method of seeking correct answers to 
the inquiries. 


Heat ENERGY AND FUELS. 
Jiiptner. Translated into English by 
Oskar Nagel. McGraw Publishing 
Company, New York, 1908. Cloth; 
310 pages, 6x9 inches; 118 illustra- 
tions; 137 tables. Price, $3. 

Barring Chapter II, on Forms of 
Energy, Professor von Jiptner has pro- 
duced a remarkably clear-cut and useful 
textbook. The title is somewhat a mis- 
nomer and the confused and abstruse dis- 
cussion in the chapter mentioned could 
have been omitted with distinct advan- 
tage. The author’s attempt to explain 
work in terms of distance, surface and 
volume is not clear and might easily be 
misleading to a student. 

The remainder of the book deals with 
fuels, their analysis, their utilization by 
combustion and partial combustion, and 
the measurement of high temperatures. 
This part, constituting the bulk of the 
work, is excellent. The tables giving the 
composition of various grades of the dif- 
ferent fuels could have been made more 
convenient for general reference by 


By Hanns von 
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grouping them together in an appendix, 
but as the book was written for college 
use, the location of each table in the text 
referring to it is but logical. 

The discussions of peat and lignite, 
which usually receive scanty attention in 
a book of general character, are most 
satisfying and the chapters on producer 
gas and water gas and the means of mak- 
ing them are particularly complete and 
clear. 


ALTERNATING CuRRENT MACHINES. By 
Samuel Sheldon, Hobart Mason and 
Erich Hausmann. Published by D. 
Van Nostrand Company, New York, 
1908. Cloth; 360 pages, 5!4x8 inches; 
236 illustrations. Price, $2.50. 

This is the seventh edition of Dr. Shel- 
don’s excellent textbook, and it shows the 
effects of extensive revision. The original 
edition of the book impressed the reviewer 
as being a conspicuously fine example of 
college textbook, and an honest opinion 
of the present edition might be regarded 
as fulsome eulogy, so the reviewer will re- 
frain. It may be well to inform those 
who are unfamiliar with the work that 
it is intended for use in technical colleges 
and not for unassisted study by beginners. 
It is remarkably clear in exposition, but a 
knowledge of mathematics as far as ele- 
mentary calculus is necessary for the 
student to derive the proper degree of 
learning from its contents. 


WASHING AND CoKING TESTS OF COAL. 
By A. W. Belden, G. R. Delamater 
and J. W. Groves. Issued by the 
United States Geological Survey, be- 
ing Bulletin 368. Paper; 54 pages, 
6x9 inches; illustrated. Gratis upon 
application. 

The investigations described in this re- 
port were undertaken by the Government 
for the general purpose of increasing 
efficiency in the utilization of the fuel sup- 
ply of the United States by devising im- 
provements in washing and coking coals. 


The washing tests of coal were made to: 


determine the possibility of so improving 
the quality of the coal as to render it 
available for the production of coke. The 
coking tests were made to determine the 
possibility of utilizing the various coals in 
this way or to devise improvements in 
coking practice. The washing tests have 
demonstrated the fact that many coals 
which are too high in ash and sulphur for 
economical use under the steam boiler, or 
for coking, may be rendered of commer- 
cial value by proper treatment in the 
washery. The coking tests have demon- 
strated that many coals which were not 
supposed to be of economical value for 
coking purposes may be so rendered by 
proper treatment in the washery and coke 
oven. The bulletin describes the washery 
plant established by the Survey at Den- 
ver, Colo., and gives the analyses of and 
the results obtained with numerous coal 
samples. 
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Books Received 


“The Internal Combustion Engine.” 
By H. E. Wimperis. D. Van Nostrand 
Company, New York. Cloth; 326 pages, 
5144x8™% inches; 114 illustrations; tables. 
Price, $3. 

“Heavy Electrical Engineering.” By 
H. M. Hobart. D. Van Nostrand Com- 
pany, New York. Cloth; 338 pages, 
5'%4x9 inches; 188 illustrations; 19 plates; 
tables; indexed. Price, $4.50. 

“The Theory of Electric Cables and 
Networks.” By Alexander Russell. D 
Van Nostrand Company, New York. 
Cloth; 269 pages, 534x8% inches; 71 
illustrations; indexed. Price, $3. 

“The Mechanical Appliances of the 
Chemical and Metallurgical Industries.” 
By Dr. Oscar Nagel. Published by the 
author. Cloth; 307 pages, 534x9™% inches; 
292 illustrations; indexed. Price, $2. 

“Steam Pipes, Their Design and Con- 
struction.” By William H. Booth. The 
Norman W. Henley Publishing Company, 
New York. Cloth; 183 pages, 5%4x8% 
inches ; 62 illustrations; tables; indexed. 





Obituary 


Jasper R. Rand, vice-president and di 
rector of the Ingersoll-Rand Company, 
died of pneumonia in Salt Lake City on 
March 30. Mr. Rand was the son of 
Jasper Raymond Rand, one of the foun- 
ders of the Rand Drill Company, and was 
born in Montclair, N. J., September 3, 
1874. He was graduated from Cornell 
University in 1898 with the degree of 
mechanical engineer, and served in Porto 
Rico in the Spanish-American war as a 
member of the first New York Volunteer 
Engineers. During 1899-1900 he was 
president of the Imperial Engine Com- 
pany, at Painted Post, N. Y., leaving that 
position to take the presidency of the 
Rand Drill Company, which he held until 
1905. In that year he was elected vice- 
president and director of the Ingersoll- 
Rand Company, which was his chief in- 
terest until the last. Mr. Rand was a 
member of Alpha Delta Phi fraternity, of 
the Spanish War Veterans, of the Ameri- 
can Institute of Mining Engineers, of the 
American Society of Mechanical Engi- 
neers, of the Engineers’ Club, of the Cor- 
nell Club and of the Alpha Delta Phi 
Club of New York. 





Personal 


E. Whitaker, formerly chief engineer of 
the Weil & Mayer buildings, New York 
City, has become an inspector for the 
Engineering Supervision Company, also of 
New York. 
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Northampton No. 3, N. A. S. E. 





A new branch of the National Asso- 
ciation of Stationary Engineers was 
formed March 26 at Northampton, Mass., 
be be known as Northampton Association 
No. 3. There were large delegations pres- 
ent from the Massasoit and Springfield 
Associations. After the organization cere- 
monies, State Deputy Edward H. Kear- 
ney installed the following officers: A. M. 
Day, president; James B. Hoxie, vice- 
president; A. S. Willard, recording secre- 
tary; C. B. Anthony, corresponding secre- 
tary; J. J. Brennan, financial secretary ; 
Cc. S. Clark, treasurer; T. Buttonworth, 
conductor; E. Kron, doorkeeper; James 
B. Hoxie, James Lawler, A. C. Conway, 
trustees. 

The new organization starts with a 
membership of thirty-nine, all of whom 
were members of the Northampton Engi- 
neers’ Club. Meetings will be held every 
Friday evening at Hibernian hall. 





Modem Science Club’s Annual 


Dinner 


On Tuesday evening, March 30, the 
Modern Science Club, of -Brooklyn, held 
its annual dinner. Seventy members sat 
at table and enjoyed the good things the 
steward had provided. When coffee had 
been served, F. J. Wood, president of the 
club and toastmaster for the evening, 
introduced as the first speaker William T. 
Wheeler, one of the founders of the club. 
He next presented James A. Donnelly, 
secretary of the club, as deputy toast- 
master. Mr. Donnelly gave each of the 
speakers a good “send-off,” which as it 
touched upon salient characteristics pro- 
voked laughter. 

Among those who spoke were F. R. 
Low, William Smith, J. O. Westberg, H. 
E. Stone, J. B. Freer and A. B. Pinney. 





Business Items 


The L. J. Wing Manufacturing Company, 
90 West street, New York, reports 23 recent 
sales of Wing turbine blowers and disk fans. 


The Wilkinson Manufacturing Company 
Incorporated, has opened a New York City 
office at 39 Cortlandt street, with Robert O’Shea 
as manager. Mr. O’Shea formerly represented 
the company for a number of years, but during 
the last two years has been in another business. 


The Fuel Testing Company, 220 Devonshire 
Street, Boston, Mass., has been organized for 
the purpose of assisting the consumer in the 
selection of fuel and the more economical opera- 
tion of boiler plants and other heat-generating 
Systems. A specialty will be made of analyzing 
coal. E. G. Bailey, mechanical engineer, and 
W. B. Calkins, chemist, are the organizers of 
the company. 

The American Blower Company, of Detroit, 
Mich., has just issued a new catalog (No. 251, 
24 pages, 7x9 inches) treating chiefly of ‘‘ Sirocco” 
blowers and fans. In addition to an inter- 
esting comparison of the “Sirocco” turbine 


POWER AND THE ENGINEER. 


wheel with steel-plate fan wheels, there are 
illustrations of various applications of ‘‘ Sirocco”’ 
fans, capacity and speed tables, etc., together 
with information concerning other American 
Blower Company (ABC) apparatus. 


The Consolidated Safety Valve Company, 
85 to 89 Liberty street, New York, has just 
issued in pamphlet form, 6x9 inches, the paper 
on “Safety Valve Capacity,” which was read 
before the A. S. M. E. by Philip G. Darling. 
Supplementing the paper, the pamphlet presents 
tables giving the capacities, in pounds of steam 
per*hour, of Consolidated safety valves; also, 
locomotive safety-valve equipments, based upon 
heating surface and other data of interest to 
steam engineers. The pamphlet is intended 
for distribution among mechanical and steam 
engineers and a copy will be sent to anyone 
making application for it. 

The Crocker-Wheeler Company, Ampere, 
N. J., reports that business booked during March 
showed improvements over the February book- 
ings. The demand was largest for direct- 
current machinery. The greatest improvement 
was shown in motors for the printing trade 
and the steel industry, although all classes of 
business show some improvement. During 
the first week in April an order was received 
for 350-horsepower of C-W rolling-mill motors 
for the West Penn Steel Company, Brecken- 
ridge, Penn., and a 250-kilowatt direct-current 
machine was added to the large C-W power 
plant already installed at the Northwestern 
Terra Cotta Company, Chicago, Ill. A _ 50- 
kilowatt generator to be driven by a DeLaval 
steam turbine was ordered for lighting and 
power at the McCahan Sugar Refining Com- 
pany, Philadelphia. 





New Catalogs 


Decatur Specialty Company, Decatur, Ill. 
Folder. Faries tube cleaners. Illustrated. 
Ames Iron Works, Oswego, N. Y. Catalogs., 
Engines and boilers. Illustrated, 52 pages. 
6x9 inches. 


Consolidated Manufacturing and Supply Com- 
pany, Pittsburg, Penn. Circular. Vance steam 
trap. Illustrated. 

Crane Company, Chicago, Ill. Catalog No. 41. 
Valves and fittings for ammonia. Illustrated, 
128 pages, 4x64 inches. 

Du Bois Iron Works, Du Bois, Penn. Catalog. 
Gas engines and producer gas plants. Illus- 
trated, 36 pages, 6x9 inches. 

Dean Bros. Steam Pump Works, Indianapolis, 
Ind. Pony catalog No. 76. Steam pumps. 
Illustrated, 64 pages, 34x6 inches. 

R. D. Wood & Co., Philadelphia, Penn. 
log. 
plants. 


Cata- 
Gas producers and producer gas power 
Illustrated, 154 pages, 6x9 inches. 
D’Olier Engineering Company, Philadelphia, 
Penn. Catalog T. Horizontal centrifugal 
pumps. Illustrated, 46 pages, 64x10 inches. 


The S-C Regulator Company, Fostoria, Ohio. 
Catalog. Feed water regulators and _ bgiler 
feed pump governors. Illustrated, 4x9 inches. 

The Poole Manufacturing Company, 310 Broad- 
way, Albany, New York. Folder. “The Little 
Giant” water and fire tube cleaners. Illustrated. 


American Compressor and Pump Company, 
26 Cortlandt street, New York. Bulletin A. 
Peerless air compressors. Illustrated, 16 pages, 
6x9 inches. 


Blake & Knowles Steam Pump Works, 115 
Broadway, New York. Bulletin BK-825.. Ver- 
tical triplex power pumps, single acting. TIllus- 
trated, 24 pages, 6x9 inches. Bulletin Bk-826. 
Vertical triplex power pumps, double acting. 
Illustrated, 8 pages, 6x9 inches. Bulletin BK- 
827. Deep well pumps. Illustrated, 16 pages, 
6x9 inches. Bulletin Bk-828. Ammonia pumps. 
Illustrated, 4 pages, 6x9 inches. 
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Help Wanted 


Advertisements under this head are inserted 
for 25 cents per line. About six words make 


a line. 

WANTED—tThoroughly competent steam 
specialty salesman; one that can sell high- 
grade goods. Address “M. M. Co.,’’ PowsEr. 


AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 


WANTED—Man familiar with repairing and 
erecting of steam engines and boilers. Must 
be capable and quick. A fine position in New 
York City open to the right party. Address “ H. 
W.,”’ Box 22, Power. 


WANTED—Man with $5000 to _ invest. 
Must have executive ability and unquestion- 
able honor. To take charge of power plant 
department of engineerin company. Give 
references and experience. Box 19, PowEr. 


PROFESSORS OF CIVIL, MECHANICAL 
AND ELECTRICAL ENGINEERING—The 
government of Nova Scotia will receive appli- 
cations for the above three chairs in its technical 
college. Applicants must have college degree 
and practical experience. Appointments made 
in June or July. New college. High standards 
for degrees. Address F. H. Sexton, Department 
of Education, Halifax, N. 8. 


Situations Wanted 


Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 


GEORGE N. COMLY, consulting engineer, 
1816 West Genesee St., Syracuse, N. Y. Can 
give best of references if desired. Correspond- 
ence solicited. 

YOUNG ENGINEER, age 24, seeks change. 
At present employed. Have had _ six years’ 
experience with Corliss engines, Curtis tur- 
bines and a.c. and d.c. machines. Graduate 

’ §S.; go any place. Have done E. E. 
Box 32, Power. 

POSITION WANTED as chief engineer 
or master mechanic in industrial plant. Ex- 
perienced with Corliss and high speed engines, 
d.c. generators and motors, and high pressure 
hydraulic machinery. Thirty years’ experi- 
ence as machinist and engineer. At present 
engaged, but seek a change. Box 33, Power. 


Miscellaneous 


Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 


PATENTS secured promptly in the United 


States and foreign countries. Pamphlet of 
instructions sent free upon request. C. L. 
Parker, Ex-examiner, U. 8S. Patent Office, 


McGill Bldg., Washington, D. C. 

WANTED—A second-hand cross-compound 
or tandem-compound Corliss condensing en- 
gine to develop about 500 h.p. at 100 lbs. steam 
pressure. Some concern may be contemplating 
an enlargement of their plant, or a change 
in their power equipment, and have such an 
engine to dispose of in the course of the next 
few months. They might like to take the 
matter up with the advertiser. Kindly state 
where the engine can be seen and its price. 
Address ‘‘New York," Box 6, Power, 


For Sale 


Advertisements under this 
for 25 cents per line. 
a line. 


LARGE LOT second-hand Bundy traps, re- 
built with my improvement; better than 
new. W. H. Odell, M. E., Yonkers, N. Y 


150 HORSEPOWER tandem compound Cor- 
liss engine in good order; 16’ wheel; 24. in. 
face. KF. W. Iredell, 11 Broadway, New York. 

100 HORSEPOWER _13’x26” style “A” 
girder frame, left hand Buckeye automatic 
engine. John H. Seibert, Reading, Pa. 

GET THE MEAN PRESSURE of diagrams 
by “Bill,” the best planimeter; $1.50 to P. 
Eyermann, Consulting Engineer, Du Bois, Pa. 


FOR SALE—One_ 18x36 Murray Corliss 
engine in perfect condition, complete with all, 
trimmings. Reply to Box 366, Glenwood, Iowa. 


FOR SALE—20x48 Wheelock engine and 
two 72”x18’ high pressure tubular boilers ‘a 
good condition cheap. Address ‘ Engineer,” 
Box 2, Station A, Cincinnati, Ohio, 


head are inserted 
About six words make 
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Harnessing Power in Greater New York 


The Work of the Boiler Inspection Bureau; How Engineers and 


Firemen Are Licensed, and How Life and Property Are Safeguarded 





a 


Deep-rooted in the mind of the average 
New Yorker was a thought that filled his 
soul with peace as he read of the devasta- 
tion of San Francisco and Messina. It 
was the thought that his city, his “Great 
New York,” is not likely to be visited by 
such upheavals; his is a city upon a rock, 
against which the might of the elements 
would unavail. But he was unaware, and 
he does not today realize, that mightier 
than the force of any earthquake, the heat- 
and-power channels of his city honey- 
comb its rock foundation and the city is 
really resting upon a many-mouthed vol- 
cano roaring with millions of units of 
power capable -of causing a cataclysm 





BERT HANSON, THIRD DEPUTY POLICE COM- 
MISSIONER, NEW YORK 


almost greater than the mind of man can 
conceive, 

Fettered and guarded by sleepless eyes, 
this titan force throbs and struggles in 
stupendous potentiality under the very 
sidewalks of the city, upon which the New 
Yorker, blissfully unconscious of danger, 
trots to and from his affairs. From the 
subcellar of his office building it threatens 
death and destruction. And as he sleeps 
in contented ignorance, the monster in the 
basement is struggling frantically to shat- 
ter the house and rend its tenants. 

Three times in forty-six years it has 
broken some of its manacles. It may 
break another any day. But twenty-eight 


A. Gs 


men, the staff of the Boiler Inspection 
Bureau of the police department, hold 
with a tight grip the reins of a living har- 
ness made up of the interwoven responsi- 
bilities of 1400 firemen, 12,716 engineers 
and 7000 patrolmen. A flaw in a fetter 
may not release the giant, but if traceable 
to the neglect of any man in the harness 
it means the ending of that man’s con- 
nection with the organization, be he engi- 
neer, fireman or patrolman. 

No city in the Union is without its sub- 
terranean monster of heat and power; 
but New York is peculiar in that the con- 
trol of it is so nearly perfect. In less 
than twenty-four hours it can be strangled 
to death and every engineer and crew 
mobilized at police headquarters. 

A cursory reading of the annual re- 
ports of Police Commissioner Bingham, 
or of his predecessors, gives but a faint 
idea of the importance and varied activi- 
ties of the work and the system of the 
boiler-inspection bureau under Third 
Deputy Commissioner Hanson’s direction. 
Still less does it yield clean-cut outlines of 
boundaries of responsibilities of the 
bureau, engineers and owners in the en- 
forcement of the so-called “Engineers’ 
License Law.” For this reason, inspectors 
and examining engineers from _ nearly 
every State are frequent visitors to the 
bureau to form a closer acquaintance with 
the system. 

Wherever a new system of State or 
municipal supervision of heat and power 
is organized its model has been found in 
the New York bureau. That its adop- 
tion has not been more general is due to 
the estimated cost of operation. Yet, in 
New York its maintenance is only slightly 
in excess of its income; while its income 
is a very welcome contribution to the 
city’s police-pension fund. 

Incidentally, the maintenance cost is 
absurdly small compared to the micro- 
scopic supervision by which a staff of 
only twenty-eight men can with accuracy 
and precision reach every bolt, valve, 
engineer or fireman in every boHer room 
in the city within a day, and can close 
down any or all plants in less time. 


Cost oF ADMINISTRATION, AND REVENUE 


The entire cost of administration is 
$35,000 annually. The income during 1908 
was $29,210. Old debts collected swelled 
this sum to $30,172. The cost of adminis- 
tration is distributed as follows: 


ROWSE Y 


o 
1 lieutenant (in command). $2,000 
16 patrolmen (7 of whom are inspectors) 22,400 
2 citizen inspectors (civil service) 2,600 
5 citizen clerks (civil service)... 5,000 
4 citizen drivers (civil service). : 3,000 
Total..... $35,000 


The revenue of the bureau is derived 
from the annual compulsory inspection of 
every boiler in the greater city. For this 
inspection a fee of $2 per boiler is 
charged, if a boiler is found in good con- 
dition. If the boiler is condemned, 


ordered repaired or shut down for any 
cause, no license to operate is issued and 
no fee is collected. Thus, in 1908 there 
were 17,464 boilers in New York. If they 
had all been foynd in good working order 





LIEUT. HENRY BREEN, IN COMMAND OF N, Y. 
BOILER INSPECTION BUREAU 


the income would have been $34,928 and 
the revenue would have been within $72 
of the payroll. But of the total number, 
only 14,606 were found to be in good 
working order and licensed for a year. 
Some of the 2858 not licensed were porta- 
ble boilers and had been removed out of 
the city, some going to Panama. 

It may be interesting to read how these 
boilers are distributed : 


Stationary, in buildings . 13,915 
Portable, for excavation. ,2,561 
Portable, for asphalt paving... . 178 
Portable, for pile driving 229 
Portable, for dredges. : 79 
Portable, for derricks 89 
Portable, for lighters ; 25 





06 


Portable, for scows........... 
Portable, for barges........... 
Portable, for schooners........ 
Portable, for elevators........ 
Portable, for steam carriages. . . 
Portable, for floating baths.... 


me TOrorcr © 


INSPECTORS AND INSPECTION DISTRICTS 


To facilitate the inspection of these 
boilers the city is divided into nine in- 
spection districts, and one inspector de- 
tailed to each district. Seven of the in- 
spectors are patrolmen, who were formerly 
boilermakers, engineers or machinists; 


JOHN LYNCH, EXAMINING ENGINEER N, Y. 
BOILER SQUAD 


two are Civil Service appointees. Each 
is provided a horse and wagon, a driver 
and a hydrostatic pump. The inspectors 
are assigned as follows: One to Staten 
island, borough of Richmond; one to the 
borough of Queens and precincts 160 and 
161; two to the borough of Brooklyn and 
Coney island; one to the borough of the 
Bronx; four to the borough of Manhat- 
tan (four districts). 


Upon the inspectors’ reports licenses 
are made out in duplicate. One copy is 
sent to the owner of the plant and the 
other is given to the engineer. The law 
declares that the license must be paid for 


within twenty-four hours. City depart- 
ments, however, have a habit of holding 
up payments for their licenses two or 
three months, and while bad debts against 


private boiler owners may be turned over. 


to the corporation counsel for collection, 
it is impossible to sue city departments. 
As soon as a license is made out Lieut. 
Henry Breen, who is in command of the 
bureau, becomes personally responsible to 
the police department for the fee or the 
license; he must have either one or the 
other. Recently, in clearing up the books, 
he discovered a debt, against a boiler in 
Brooklyn, incurred thirteen years ago, be- 
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fore the consolidation. The corporation 
counsel collected the fee for him. 

Incidentally, owing to the more inten- 
sive service demanded of boilers, the 
vigilance of the inspectors has been in- 
creased, it having been found that the 
modern boiler deteriorates more rapidly 
than the old-style, and that the standard 
of life—twenty years—of a boiler is fast 
being lowered. 

The fee of $2 a year paid by the owner 
entitles him to three distinct guarantees 
upon his plant: (1) That his boiler is 
safe; (2) the privilege of ascertaining the 
ability of his engineer to take care of his 
plant; (3) the privilege of ascertaining the 
qualifications of the firemen to do their 
work. Thus, for $2 paid for the annual 
inspection of a boiler, the boiler-inspec- 
tion bureau undertakes, when it issues a 
license, all the responsibility of the boiler 
room where the licenses will hang. This 
brings us to the supervision of the boiler- 
room crews of the city: 


SUPERVISION OF BoILER-ROOM CREWS 


A coal passer, oiler or general assistant 
to an engineer, who is a citizen of the 
United States either by birth or adoption, 
and has served his two years, may be pro- 
moted to fireman, if the owner of a plant 
in a communication to the bureau signi- 
fies his desire to have the employee exam- 
ined as to his qualification for such a 
position, the chief engineer under whom 
the man works at the same time certify- 
ing the time of employment in his room 
and that he is a person of good character, 
both of which statements must be 
sworn to. 

According to the law the apprenticeship 
“on a building or buildings in the city of 
New York or on any steamboat, steam- 
ship or locomotive” must be “for a period 
of not less than two years;” but unless 
the owner states in the letter with the 
application that he wishes to employ the 
man at a certain plant, the applicant will 
be refused the examination for a license. 


The formalities being O. K., however, the’ 


board of examiners of the bureau will 
give the applicant a practical test in the 
care of a boiler, and if he is found com- 
petent he will be granted a license, within 
six days, good for one year, but at any 
time revokable by the police commissioner 
or the board of examiners appointed by 
him, upon proof of deficiency in a trial 
before the bureau’s examiners who issued 
the license. Should an owner or lessee 
employ a man as a fireman or engineer 
who is not licensed for the particular plant 
at which he is at work a week’s notice to 
quit is given. If the man is not sup- 
planted, the owner or lessee may be ar- 
rested for “endangering life and property.” 


REQUISITES FOR THIRD-GRADE APPLICANTS 


Should a fireman, oiler or general 
assistant to a licensed engineer of New 
York City wish to take an examination 
for the position of third-grade engineer, 
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the first requisite is a letter from an 
owner asking that the man be examined 
as to his capacity to handle the plant 
(stating the full equipment of the plant) 
as a third-grade engineer. The second 
requisite provides for verified statements 
from three licensed engineers in good 
standing in New York City, who must 
state where and when the applicant put in 
a total of five years’ ,working time in 
boiler rooms. One of these statements 
must be rendered by the chief engineer 
under whom he put in the last part of his 
time, and all the statements must be veri- 
fied before notaries. 

An application blank is then given the 
applicant. In this he must state that he is 
at least twenty-one years of age, a citizen 
by birth or naturalization, and if the lat 
ter the date and place of his naturaliza- 
tion, his weight, hight, the color of his 
hair and eyes, and the dates, addresses 
and numbers of the boilers upon which he 
has put in his time. He is required to 
swear to the accuracy of these statements, 
which must be in his own hand-writing. 
The bureau then gives him three vouch- 
ers, to be filled out by the engineers who 
have already certified for him, these 
vouchers being in affidavit form and de- 
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he 


claring that the statements made by t 
candidate in the application are true to 
the endorsers’ own knowledge. The 
vouchers must be sworn to, also. When 
he hands in the signed vouchers the appli 
cant is slated to take the examination fot 
third-grade engineer. 


Tue Bureau Busy IN THE MEANTIMI 

While the candidate has been busy get 
ting his vouchers signed a searching 1 
quiry has been going on in the bureau 
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“very boiler that has ever been in New 
York is represented by a card in an 
laborate card-index system. A boiler can be 
located by its means in two minutes, either 
by knowing the name of its owner, or its 
license or serial number, location. (past 
or present), or by the name of any engi- 
neer or fireman who has worked 
upon it. 


ever 


In like manner, every licensed engineer 
and fireman can be located in an equally 
short time; every room they ever worked 
in and the number of the boiler in each 
place can be ascertained. A glance at a 
few cards gives an accurate description of 
the personal appearance of each engineer 
and fireman and a detailed itemization of 
plants they have handled. There is no 
guesswork; the information is compiled 
every day. 

More than this, the signature of every 
engineer or licensed fireman can _ be 
found by looking at the date of his last 
visit to the bureau, which is recorded on 
his card, and glancing under that date 
down the alphabetically arranged pages of 
the “Signature Book” which every engi- 
neer and licensed fireman signs when he 
calls for the renewal of his license, or for 
a transfer to another plant. 

Thus, when the applicant for examina- 
tion for third-grade engineer appears and 
says he is a licensed fireman, and shows a 
license issued to “John Doe,” fireman on 
boiler No. ..., the card for Fireman John 
Doe is taken out. If it says that John 
Doe has red hair and the candidate for 
engineer's license has black hair, he is 
known to be a “ringer” sent by the red- 
haired one to take an examination for 
him. Trouble gathers for him with the 
red hair, while he with the black hair is 
arrested and the vouchers are summoned 
to the bureau to explain. 

Again, the chief engineer who swears 
that John Doe worked for him five years 
on boiler No. may be discovered by 
the index cards to have been less than five 
years in charge of that boiler. His card 
may show that he has been either out of 
work, out of town, or working at another 
plant part of the time. Trouble starts for 
him, for he has perjured himself twice; 
once in the voucher verifying John Doe’s 
statement, and once in his preliminary 
certification. 

Then, too, the cards of all of the certify- 
ing engineers may show that they did 
work on the boilers for the time they 
stated, and as stated by John Doe, but the 
signatures to their statements and vouch- 
ers may bear no resemblance to their sig- 
natures in the “Signature Book.” John 
Doe is then in hot water. He has com- 
mitted forgery. It will be seen that this 
system effectually checks fraud before an 
examination takes place. 


THE EXAMINATIONS 
When the papers are found to be cor- 
rect the candidate is taken in hand by 
Patrolmen Michael Fitzpatrick and John 
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Lynch, both licensed engineers. Their 
examination is wholly oral. It does not 
pretend: to follow the model of the Civil 
Service. The examiners must be satisfied 
that the candidate will not endanger life 
and property if placed in chargé of a 
plant. To this end they examine him 
upon the following subjects: Construc- 
tion of boilers; connections to boilers; 
care of boilers; construction of pumps; 
operation of pumps; construction of en- 
gines; operation of engines. 

There is a large slate on the table before 
the candidate. He may figure and rub 
out as much as he chooses, all under the 
eyes of the examiners. As the subjects 
are covered, a rating is given on the back 
of the application. There is no point sys- 
tem; the terms used are “Excellent,” 
“Good,” “Fair,” “Poor.” If he gets 
“Poor” on the first five subjects he is 
bound to be “Poor” on the balance and 
will be rejected. “Good” on the first five 
will counterbalance “Poor” on the last 
two. 

Assuming that the applicant passes for 
the grade, he is then put through a <ec- 
ond examination, this time upon the hand- 
ling of the equipment to which he is go- 
ing. If the plant consists of a tubular 
boiler and a pump. 80 pounds pressure 
allowed, and he shows himself able to 
handle it, he is given a license; but it will 
read that he is a third-grade engineer, 
licensed to operate “one tubular oiler, 
No. ..., anda pump, with 80 pounds pres- 
sure,” at that one plant onlv. 

A card is prepared for the index file 
and the number of the boiler, the equip- 
ment of the plant, his examination rating, 
his adcGress, the address of the plant and 
the date of his examination for the grade 
are recorded on the card. He is then 
ordered, under pain of having his license 
suspended or revoked if he violates the 
order, to make an absolutely truthful re- 
port of the condition of his plant every 
month. He is told that the bureau re- 
serves the right to inspect his plant any 
time of the day or night and if he is 
caught with defects not reported, or ex- 
ceeding the pressure allowed, he will be 
taken into custody for endangering life 
and property. 

If he goes on strike after beginning the 
day’s work and leaves his plant un- 
guarded, he is liable to arrest for misde- 
meanor. If he is caught intoxicated the 
mildest penalty will be a year “on the 
shelf ;” the severest, denial of the right 
to work in New York at all. And he is 
given an exact history of the boiler, its 
age, repairs, defects and suspected dan- 
ger points. 

By this it can be seen that the numeri- 
cal inadequacy of the administration staff 
of twenty-eight in the bureau is, by its 
system, compensated for through the 
virtual appointment of every engineer in 
charge of a plant an inspector without 
pay, but with full burden of the responsi- 
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bility of his 
shoulders. 


particular plant ‘upon his 
MontTHLy Reports 

The monthly reports, which are at- 
tested, are made upon blank forms. Their 
questions must be answered clearly and 
they cover the entire plant. If a defect 
is noted an inspector from the bureau 
makes an official test. Upon his report 
the bureau has power to compel repairs 
or to shut down plants. 

Thus a full detailed inspection of the 
17,404 boilers of New York takes place 
every month and, with the annual official 
test, there are really thirteen actual in- 
spections a year at the cost of only $2 per 
boiler. Incidentally, making the engineer 
an inspector by virtue of his license means 
the stationing of an attaché of the bureau 
in every boiler room in the city. 

In addition to this supervision, there is 
at the service of the bureau the entire 
force of 7000 patrolmen of Greater New 
York, to enforce its regulations on own- 
ers and lessees, engineers and firemen, to 
insist upon repairs, to prevent the opera- 
tion of condemned plants or boilers and 
to prevent the employment of unlicensed 
crews. 

Is a complaint received that an un- 
licensed engineer is operating a boiler? 
By telephone the complaint is transmitted 
to the nearest police station. A man from 

the boiler 
room and demands to see the engineer’s 
license. If he has none, he takes the engi- 
neer back to the station house, together 
with the owner or lessee, if he can find 
him. The bureau prepares the prosecu- 
tion. 


the reserve force hurries to 


Is an unlicensed boiler installed some- 
where? Again, the station house nearest 
and the man on reserve hustling out to 
investigate, to arrest the man in charge, 
be he licensed or not. 

Is a boiler going into a building? The 
patrolman on post notifies the bureau. If 
the bureau has information of the 
place, it will send an inspector to find out 
why the boiler is immune from test. 

Is there a drunken fireman or engineer 
in a boiler room? 


no 


The man on post ar- 
rests the unfortunate, the plant is closed 
down and a report is made to the bureau, 
which assumes charge of that boiler room 
at once. Charges are made against the 
guilty man and he is given a trial before 
the examiners who licensed him. On 
their recommendation he is suspended or 
his license revoked for good and all. His 
index card records his fate. 

Thus the engineers, as inspectors of the 
bureau, watch the boilers twenty-four 
hours a day and report once a month; the 
patrolmen watch the engineers and their 
crews and report when they do wrong, | 
while the administration staff at the 
bureau keeps in touch with and holds each 
individual responsible, and in turn guar- 
antees their efficiency and care of the 
plants to the owner. And the owner has 
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but one responsibility, that of making 
prompt repairs when notified. 

Neglect on the part of the owner re- 
sults in the bureau reaching out with that 
long arm, the uniformed force, and tak- 
ing actual control of the plant, even, as 
the law states, “in cases ‘deemed neces- 
sary, the appliances, apparatus or attach- 
ment for the limitation of pressure may 
be taken under its control.” 





OTHERS ELIGIBLE FOR THIRD-GRADE 
LICENSES 


The fireman, oiler or general assistant 
for five years to a licensed engineer of 
New York City, heretofore referred to, 
are not the only persons eligible for 
examination for a third-grade engineer’s 
license. Those equally eligible are a fire- 
man, oiler or general assistant to the 
engineer on any steamship or steamboat, 
or any locomotive engineer, for five years, 
who shall have been employed for two 
years under a licensed engineer in a build- 
ing in New York City; a fireman, oiler 
or general assistant to the engineer on 
any steamship or steamboat, for the period 
of five years, who shall have been em- 
ployed for two years under a licensed 
engineer in a building in New York City; 
or a fireman, oiler or general assistant 
who has served as a marine or locomotive 
engineer or fireman to a locomotive engi- 
neer for a period of five years and has 
been a resident of the State of New York 
for a period of two years; or a person 
who has learned the trade of machinist or 
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BOILER-TEST CARD 


boilermaker or steamfitter and has worked 
at such trade for three years, exclusive 
of time served as apprentice, or while 
learning such trade; and also any per- 
son who has graduated as a mechanical 
engineer from a duly established school of 
technology, after such person has had 
two years’ experience in the engineering 
department of any building or buildings 
in charge of a licensed engineer of New 
York City. 

Unless the stranger in New York can 
show a certificate as engineer issued to 
him by a duly qualified board of examin- 
ing engineers existing in pursuance to law 
in a State or Territory of the United 
States, and can prove that he is the 
identical person to whom the certificate 
was issued, he will not be permitted to 
take an examination for an engineer’s 
license. 

In some States and Territories there are 
no legal boards of examiners of engi- 
neers; men from those States, although 
they may be experts and may have served 
twenty years in boiler rooms, are abso- 
lutely debarred from the supervision of 
boilers in this city. Their local union 
cards are not received as credentials. 

After the license is granted it lies with 
the examiners whether the engineer shall 
do the work he wants to do or not. 
Although the owner of a portable hoisting 
engine requests the examination of a man 
who has come out of an office building 
and is willing that he shall run his en- 
gine, the board may and does decline to 














permit him to undertake the place, on the 
ground that an office-building man, never 
having worked on hoisting machinery, is 
liable to kill someone. So they exercise 
discretion in permitting men to work on 
different classes of work. 










THREE GRADES OF ENGINEER 


The bureau recognizes three grades of 
engineer, third, second and first. The 
third grade alone is compulsory for the 
care of a plant. The second grade may 
be obtained after two years in the third 
grade. The examination takes in the 
operation and care of dynamos. The first- 
grade examination may be had at the re- 
quest of an owner, as in every other case, 
after one year in the second grade. The 
subjects are operation and care of ice ma- 
chines, use of the steam engine and 
indicator. 

The owner of a building, whose candi- 
date for fireman or any grade of engineer 
fails to pass his examination, has the right 
to send two licensed engineers to the 
bureau to examine the candidate upon the 
subjects given. The bureau reserves the 
right to instruct its examiners to interro- 
gate the candidate on the same subjects 
where they find the visitors were not 
sufficiently painstaking. 

In Boston and a few other large cities, 
the horsepower and steam pressure regu- 
late the grade of an engineer. In New 
York, however, a third-grade engineer 
may be found operating a huge plant. 
There is no legal provision against this. 
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It has been pointed out as a weakness in 
the system. But it is only fair to say 
that although men in charge of some of 
the largest plants in the city have only 
third-grade licenses, they are invariably 
men of superior ability, and often gradu- 
ates and post graduates of technological 
institutes, who could pass with ease 
almost any kind of an examination in me- 


chanics. 


RESTRICTIONS OF LICENSES 


Although the engineer’s license is good 
for one year, it is only theoretically so. 
Practically, the license is good for one 
year provided the engineer remains in 
charge of the particular plant it covers 
for a year. A system of transfer examina- 
tions prevents him from “free-lancing” 
about the city on his one year’s license 
and brings him to headquarters as soon 
as he leaves his job, for examination, at 
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outfit. If he cannot satisfy the examiners 
that he will not kill anyone, he is refused 
a transfer to the new job. His place in 
the office plant being filled, his license is 
of no value to him, for he cannot, although 
licensed for a year, run any boiler in the 
city until he has been transferred to it by 
the bureau. 

So through each of the divisions of en- 
gineering. If experience is 
transfer is granted. 

It can easily be seen that this system of 
licensing, for particular plants, examina- 
tion on the plant, transfers and examina- 
tions for transfer and the practical sus- 
pension of the license during periods of 
idleness, all recorded on the card index, 
give the bureau an absolute measure of 
the ability of every fireman and engineer 
in the city, their movements and past per- 
formances day by day and their where- 
abouts at all times. They can never get 
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fers back to the books for deep re- 
searches, but the synopses on the cards 
are found generally to be sufficient. 

At that time the headquarters of the 
bureau were located in Manhattan and a 
branch was maintained, with separate re- 
cords and files, at Brooklyn police head- 
quarters. Shortly after the cards were 
completed, the deputy commissioner closed 
the Brooklyn branch and centralized the 
activities in the Manhattan bureau. This 
has necessitated a reassembling of all the 
cards into one general index covering all 
boroughs. The consolidation created an 
immense amount of labor, but the result in 
increased efficiency and economy of ad- 
ministration is more than compensating. 

The index is arranged under the fol- 
lowing subject heads: “Boilers,” “Porta- 
ble Boilers,” “Stationary Boilers,” “Idle 
Boilers,’ “Boiler Tests,” “Engineers,” 
“Portable Engineers,” “Stationary Engi- 
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STATIONARY ENGINEERS’ PLANT CARD 
the request of the next prospective em- away from the supervision of the bureau neers,’ “Firemen,” “Portable Firemen,” 


ployer, upon his ability to handle his new 
plant. 

For, pursuing its actuating principle, the 
safeguarding of life and property, the 
bureau has divided engineering into five 
distinct classes as follows: 

(1) Portable, double drum. 

(2) Hoisting. 

(3) Steam shovel. 

(4) Engineer in charge of shafting. 

(4) Engineer in charge of office build- 
Ing. 

If a man leaves an office building and is 
sent by the owner of a hoisting plant to 
the bureau for examination as to his fit- 
ness to run his plant, he will be rejected 
unless his index card shows that he has 
had experience in running a hoisting engine 
Previous to his last place in the office 
building. If he insists that he has had 
experience not on the card, he is given 
an examination on running a_ hoisting 





once they are licensed. 


ESTABLISHMENT OF THE CARD-INDEX 
SYSTEM 

Previous to the appointment of Deputy 
Commissioner Hanson, about three years 
ago, all these records of the bureau were 
kept in huge books. They were awkward 
to handle, their pages were torn and dirty 
and some of the writing had become il- 
legible from many causes. The informa- 
tion they conveyed was incomplete. 

After looking over the work of the 
bureau, the deputy commissioner decided 
to bring it up to date. To that end he in- 
stalled Lieutenant Breen and half a dozen 
young patrolmen, and proceeded to re- 
duce the records to card-index form. It 
took 365 days’ steady work before the 
task was completed. At the end of that 
time, the heavy books were shelved. An 
annotation on the corner of each card re- 


“Stationary Firemen.” 

For permission to copy the engineers’ 
cards, a donation of $5000 to the police- 
pension fund was offered Commissioner 
Bingham. The offer was rejected. 

The tops of certain of these cards, re- 
produced herewith, illustrate the contents 
of the cards. They are back-checked by 
a second series under the following heads: 
“Street and Number Address of Plants,” 
“Boilers in the Bronx,” “Boilers in 
Queens,” “Boilers in Richmond,” “Boilers 
in Manhattan,” “Street Numbers of Plants 
in Greater New York,” “Owners of 
Plants in Greater New York.” 

The illustrations are of the “Engineer’s 
Card,” “Stationary Engineer’s Plant 
Card,” “Portable Engineer’s Plant Card” 
and “Boiler Test Card.” The firemen’s 
cards are similar. The engineers’ and 
firemen’s cards, as well as the owners’ 
plant cards, are good for twenty years’ 
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records. All the cards are 7x9%4 inches 
in size, ruled front and back, and each 
is of a color different from the others. 
The boiler cards are reviewed every 
day and those due for the annual inspec- 
tion are listed. Ten days before the day 
the inspection is due, a notice is sent to 
the engineer. He is required to be ready 
for the hydrostatic-pressure test. So as 
to delay and inconvenience the owner or 
lessee as little as possible, the day and 
hour of the inspector’s call are given. 


INSPECTORS’ REPORTS 


The bureau then routes its inspectors 
overnight and knows just where they are 
working. Pressure one-third more than 
that allowed is the standard test. On 
their return every day to the bureau, the 
inspectors’ reports are compiled, and where 
licenses are issued entries are made in full 
in the boiler accountbook. The license is 
made out and the following day it is on its 
way to the plant by messenger, a patrol- 
man. He is charged with so many specified, 
numbered licenses and must bring back 
the license or the fee. City departments 
alone receive credit. Others must pay on 
delivery. 






PAYMENT FoR LICENSES 


Upon receipt of a couple of hundred 
dollars, entries of which are made in a 
boiler cashbook and checked off with a 
date stamp on the boiler accountbook, the 
money is sent to the bookkeeping depart- 
ment of the police department, where the 
custodian of the pension fund, under 
bond, certifies to receiving payment for 
licenses whose numbers are given, to- 
gether with the serial numbers of the 
boilers. He has a full set of the serial 
numbers so that at a glance he can 
see whether all the listed boilers have 
been licensed. If they have been licensed 
and there is no fee, it is up to the bureau 
to explain. If there is no license issued 
to a boiler it shows plainly in the blank 
space opposite the unchangeable number 
of the boiler. 

Boilers condemned retain their num- 
bers, but are assorted as “Idle Boilers,” 
until new boilers are installed. The num- 
bers are then given to the new boilers. 
Where plants go out of business after the 
condemnation of a. boiler and take power 
from some other source, the fact is no- 
ticed on the boiler card. 


Tue GuIDING PRINCIPLE OF THE BUREAU 


In all its operation the bureau is guided 
by the one principle, the saving of life 
and property, to which it owes its crea- 
tion. In 1862 the number of boiler ex- 
plosions in New York became alarming. 
It was rumored that there was a plot to 
blow up the city. A committee of citizens 
was appointed to investigate. Unable to 
perform the task, they called in the police. 
Patrolmen were placed on guard in the 
boiler rooms of the city. 
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Gradually the work drifted into the 
hands of the police, and the bureau, the 
first of its kind in the world, was organ- 
ized as part of the police department’s 
supervision of life and property. 

There have been several unsuccessful 
attempts to remove the bureau from 
police-department supervision. 





Municipal Plant at Marshfield, 


Wisconsin 





By Louis B. Car. 





In 1904 the city of Marshfield, Wis., 
purchased the local electric-light plant and 
water works for $150,000. The power 
house was I% stories, the engine room, 
36x84 feet, containing two 12x1I5-inch 
high-speed McEwen engines operating at 
270 revolutions per minute, belted to two 
50-kilowatt 1100-volt 133-cycle Westing- 
house and Fort Wayne alternators; a No. 
8 Wood arc machine; a 20 and 12 by I5- 
inch Worthington and a 16 and 8 by 15- 
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The uptakes were connected to a brick 
chimney 88 feet high, with an internal 
diameter of 4 feet and an external diame 
ter of 8 feet at the base and 6 feet at the 
top. There were also a 70-kilowatt Wood 
alternator and a No. 8 arc machin 
located in a factory and used to carry the 
load part of the time. 

The outside work consisted of about 
5 miles of transmission lines, with 38 ar. 
lamps, and about 7% miles of 12-, Io-, 
8-, 6- and 4-inch cast-iron water pipe. 
One hundred and twenty acres of second 
growth timber, on which the plant was 
situated, went with the purchase. In 1907 
the people voted $35,000 of improvement 
bonds for the purpose of rebuilding the 
plant and obtaining a reliable water 
supply. 


THE REMODELED PLANT 


In the engine room, as remodeled, are 
two generating sets, one consisting of a 
14x30-inch Corliss engine running at 120 
revolutions per minute, and driving with 
a 15-inch double leather belt a 100-kilo- 
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PLAN OF GROUNDS, MARSHFIELD (WIS.) PLANT 


inch Smedley duplex steam pumps, used 
to pump water into a standpipe 15 feet in 
diameter by 120 feet high, located about 
two miles from the plant. The Smedley 
pump was so connected as to be able to 
pump from thirty-two 2-inch driven wells 
into the standpipe or into the reservoir, or 
from the reservoir into the standpipe. 
The Worthington could pump only from 
the reservoir into the standpipe. With the 
exception of a small spring in the reser- 
voir, the thirty-two wells constituted the 
entire water supply for a city of about 
7000 people. The wells were driven 
about 22 feet and when working at their 
best did not give over 75 gallons per min- 
ute. The switchboard was of wood, and 
was equipped with the necessary meters, 
switches, etc. 

The boiler room adjoins the engine 
room on the east, being a 35x40-foot 1%4- 
story brick building containing two 60- 
inch by 18-foot return-tubular boilers, an 
“Excelsior” feed-water heater, a 6 and 4 
by 6-inch Fairbanks-Morse duplex boiler- 
feed pump and a “Metropolitan” injector. 





watt 2300-volt 60-cycle alternator run- 
ning at goo revolutions per minute, and 
the other unit comprising an 18x42-inch 
Corliss engine running at 100 revolutions 
per minute, and driving with a 30-inch 
double leather belt a 225-kilowatt 2300- 
volt 60-cycle alternator running at 600 
revolutions per minute. The exciters are 
direct-mounted on the generator shafts. 

The generators and engines are of the 
Allis-Chalmers standard make. The en- 
gine cylinders are lubricated by Manzel 
automatic force-feed lubricators and the 
bearings are supplied from a gravity-oil- 
ing system, consisting of a 100-gallon tank 
located near the roof and connected to the 
different bearings by brass pipe. The 
eccentrics are lubricated with Albany 
grease. All the drains lead to a three- 
section Turner oil filter, having a capa- 
city of 75 gallons per twenty-four hours, 
located in a basement between the engine 
cylinders. The oil is elevated to the tank 
by a small rotary hand pump. 

The switchboard consists of four 30x90 
inch Vermont blue-marble panels, of 
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which two are generator panels contain- 
ing three ammeters, one voltmeter, one 
3-pole 3000-volt automatic oil switch, one 
field switch and a ground-detector lamp, 
with the necessary plugs. There is a 
swinging bracket located on the 100-kilo- 
watt generator board containing a syn- 
chroscope and exciter voltmeter. There 
is one feeder panel containing three am- 
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lamps. All leads from the generators to 
the switchboard are lead-covered cables 
laid in conduit. The lightning arresters 


are mounted outside of the building. 
There is also located in this room a 
motor-starting panel of slate, 24x60 


inches, containing one automatic 3000-volt 
20-ampere double-throw oil switch and 
one three-phase Wattmeter. In the back 
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meters and three oil switches, also a 3- 
phase wattmeter. 

The remaining panel is for the arc sys- 
tem and contains one ammeter, one oil 
Switch, three stab switches for each of 
two circuits and one 3-phase wattmeter. 
At the right of the switchboard is located 
the arc-lighting apparatus, consisting of 
two Fort Wayne 35-light tub transform- 
ers, with regulators supplying 42 arc 


of this board are mounted two 100-horse- 
power auto transformers. 

In the boiler room there are three 18- 
foot by 72-inch return-tubular boilers, 
containing seventy 4-inch tubes and hav- 
ing 30 square feet of grate surface. The 
boilers have “American” pop safety valves 
and steam gages. There is a separate 
stack to each boiler, 36 inches in diame- 
ter and 100 feet above the grates. The 
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feed-water apparatus consists of a 400- 
horsepower Cochrane open heater, which 
heats the water to 208 degrees Fahrenheit, 
a 6 and 4 by 6-inch Gardner duplex feed 
pump and an 8 and 5 by 10-inch Marsh 
pump. The feed pipe from the pumps to 
the front of the boilers is 2-inch brass, to 
which each boiler is connected by a 1%- 
inch brass pipe having two gate and one 
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ELEVATION OF WELL, AND CONNECTIONS 


check valves. The blowoff is 2% inches 
in diameter and contains a gate valve and 
a blowoff valve with renewable disk. 
Wilmington lump coal is used, having a 
heating value of about 11,000 B.t.u., and 
costing $3.50 per ton in the bin. The coal 
is weighed and brought into the boiler 
room in a car holding 1000 pounds. The 
storage capacity is 350 tons. 

The piping consists of standard wrought- 














iron pipe with extra-heavy cast-iron 
flanges and fittings; all bends are made 
with long-sweep elbows. Crane ‘valves 
are used throughout the plant. The leads 
from the boilers, which are 6-inch and 
contain two valves, are connected to the 
top of an 8-inch header which is 60 feet 
long and has a drop leg at each end 
drained by traps discharging into the 
heater. The connections for the engines 
and the water-works pumps are all taken 
from the top of the header. Separators 
above the engine throttles are drained by 
traps located in the basement and dis- 
charging into the heater. A 5-inch header 
at right angles to and connected with the 
8-inch header supplies steam for the feed 
pumps and whistle. All steam pipes are 
covered with air-cell asbestos covering. 


New WELLS FOR THE WATER WorKS 


After a thorough test covering con- 
siderable territory it was decided to locate 
sixteen new wells about 600 feet south of 
the power house, spaced 45 feet apart. 





They were drilled with a 12-inch drill 
which was followed up with a 12-inch 
steel casing until rock was reached, when 
a 4-inch point from 16 to 26 feet long 
was connected to a 4-inch pipe and 
lowered in the casing. The space be- 
tween the point and casing was then filled 
with screened gravel to within 14 feet of 
the surface, where a tee was located in 
the well pipe which was connected to the 
syction pipe through a gate valve. The 
suction pipe varied from 6-inch at the 
extreme end to 10-inch at the pump. 
These are all flowing wells at the depth 
of the suction pipe which keeps the pump 
primed. 

After the gravel was placed in the cas- 
ing the casing was withdrawn. For pull- 
ing this casing, a heavy cast-iron collar, 
with an internal diameter of 15 inches, 
was slipped over the casing. Wedges 
having teeth on one .side similar to a 
pipe wrench were then driven between 
the casing and collar. With the aid of 
two 30-ton hydraulic jacks the casing was 
pulled about 12 feet per hour. 
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SWITCHBOARD IN MARSHFIELD PLANT 





WATER-WORKS SUBSTATION 

At about the center of the line of wells 
a substation was built of brick, laid in 
cement and made water-tight. The sub- 
station is 18 feet below the surface and 
10 feet above, having an inside diameter 
of 12 feet. In this station is located a 
vertical 3-stage DeLaval centrifugal pump 
running at 1120 revolutions per minute, 
with a capacity of 600 gallons per minute 
under a head of 120 pounds. A Westing- 
house 75-horsepower 3-phase 2300-volt in- 
duction motor is located 14 feet above and 
direct-connected to the pump. This set 
is started by an auto-starting switch 
located in the engine room. As soon as 
the pump is started the pressure in the 
pump casing acts on a diaphragm and 
opens a valve, allowing oil to run into a 
gang feed, whence it is carried to the dif- 
ferent bearings by brass pipe. 

As the average pressure carried on this 
pump is 70 pounds, it was tested at that 
pressure and delivered 750 gallons of 
water per minute. To keep the wells sup- 
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the average pressure carried is 70 pounds, 
in case of a large fire the standpipe can 
be shut off, when 110 pounds can be 
maintained at the hydrants by direct 
pressure. 

The plant operates twenty-four hours 
per day with four men, two on each shift 
of 12 hours. The day load consists of 
about 75 horsepower in motors, besides 
the pumping. 


OPERATING EXPENSE 


Although no exact records are availa- 
ble, the following will give a general idea 
of the operating expenses for November 
and December, 1908. As the steam pump 
uses about 650 pounds of coal per hour, 
that amount will be deducted. The pump 
operated 208 hours, therefore it used 
208 X 650 = 135,200 pounds, which, de- 
ducted from the 626,000 pounds used dur- 
ing November and December, leaves 490, 
800 pounds to be credited to the rest of 
the plant; and 490,800 pounds at $3.50 
per ton equals $860.30. Supplies and re 


























plied it was decided to build an impound- 
ing reservoir covering eight acres and 
holding approximately 25,000,000 gallons. 
A dam was constructed across a valley 
through which a ditch ran. This ditch 
drains about 1200 acres of land. After 
finding the direction of the underground 
flow, which is about 8 inches in twenty- 
four hours, two intake wells, 12 inches in 
diameter, were drilled to bedrock and 
filled with gravel, through which the 
water filters to feed the other wells. 


In GENERAL 


When the city purchased the plant there 
were about 4500 lights, whereas now there 
are 9500. The water connections have 
also been increased from 180 to 315. 
Nearly all the services were on a flat rate, 
but have now been changed to meter 
rates, for both light and water. 

The city has also replaced all 4-inch 
mains with 6-inch pipe, besides having 


laid about 5000 feet of new 6-inch mains. 


There have also been installed 12 new 
hydrants and four are lights. Although 
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pairs cost $73.96, and labor cost $530, 
making a total of $1464.26. As there were 
74,800 kilowatts generated, 
$1464.26 — 74,800 = $0.019 

per kilowatt at the switchboard. 

O. L. Dorschel is superintendent of the 
plant and had charge of rebuilding the 
system. 


Proposed License Law for Phil- 
adelphia 


There is an act before the legislature of 
Pennsylvania providing for the better pro- 
tection of life and property by the com- 
petent operation of steam boilers and en- 
gines, and for the examination and licens- 
ing of engineers in charge thereof. It ap- 
points a chief engineer and twelve assist- 
ants, one for each of the twelve districts 
into which the State is divided. Engineers 
holding licenses of cities of the first, sec 
ond or third class, which are already pro- 
vided for, shall be granted a license with- 
out examination. The fee is $3 when the 
license is granted and $1 for each renew 1. 
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Danger from Water Hammer in Steam Pipes 


Cases in which Water Hammer Damaged Piping and Valves; with 
Hints as to How These Conditions Might Have Been Avoided 





BY 


The importance of preventing water 
hammer in steam pipes is not always 
fully appreciated by operating engineers. 
The study of steam-plant accidents shows 
that every year lives are lost and property 
damaged through the fracture of pipes or 
valves by water hammer. A number of 
cases occurring recently are presented in 
the following paragraphs in the hope that 
engineers working with steam mains, 
valves and drains will be able to avoid 
similar troubles: 

Case 1--The 


initial conditions were 


pipes 250 feet long, newly erected and 
uncovered. The drain to the trap, Fig. 1, 
was blocked by cement jointing material 
The stop valve A, cutting off 


and rust. 












Boiler 


O0000000 
000 
FIG. 2 


from a boiler other than that 
shown, and the boiler shutoff valve B 
were closed in order to enable the joint 
at E to be repaired. The valve C was 
left open. Water accumulated in the pipe 
before the stoppage of the valves and 
cooled during the time of closure. When 
the valve B was opened a fracture oc- 
curred at the point shown. The steam 
pipe was of cast iron 6 inches in diame- 
ter, and the boiler pressure was 65 pounds 
per square inch. The cause of the frac- 
ture was the opening of the steam valve 
B. the mistake being to rely on a steam 
trap for draining a new pipe. A large 
drain cock, without a waste pipe, should 
have been fitted close to the pipe. The 
arrangement of the pipe was also bad, 
and it should have been fitted with a 
(drain pipe provided with a small test 
cock, or a float telltale, and a large drain 
cock to be subsequently connected to a 


steam 
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steam trap. The test cock or float would 
have enabled the engineer to ascertain if 
the water were below the _ horizontal 
length of pipe before he opened the drain 
cock or the valve B. Test cocks used in 
such cases should be very small, and 
opened for a short time only; otherwise 
the discharge from them may be suffi- 
cient to disturb the surface of the water 
in the horizontal length of pipe, and thus 
start the water hammer they are intended 
to prevent. 

Case 2—This was the fracture of a 
cast-iron elbow and a cast-iron well pipe 
at the lower end of a wrought-iron steam 
main connected with four boilers operat- 
ing at a steam pressure of 160 pounds 
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per square inch. The well pipe was 
drained by a steam trap and a drain cock. 
The stop valves on the boilers were left 
open during the shutdown of the plant 
on Sunday, and the lever or valve in the 
steam trap appeared to have stuck, as 
the trap failed to drain the lower end of 
the steam main. Fig. 2 shows the piping 
arrangement. On the opening of the 
drain cock to clear the pipes preparatory 
to starting the engine, a water hammer 
was set up, which broke the bend and 
well pipe. The horizontal length of the 
pipe was filled with condensed steam. The 
fault was in assuming that the steam trap 
was keeping the steam path clear, and 
opening the valve to the engine without 
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shutting the boiler stop valve. A _ well 
pipe fitted with a small test cock or a 
float telltale would have enabled the 
operating engineer to see if the pipe were 
clear. 

Case 3—This was the fracture of a 
valve casing of the boiler valve by water 
hammer. The branch pipe connecting the 
boiler valve to the steam main, Fig. 3, 
which was similarly connected to twelve 
other boilers, was carried horizontally 
from the valve casing to an elbow, and 
thence vertically to join the main. The 
horizontal length was provided with a 
drain cock, which was usually left slightly 
open when the boiler valve was closed, as 
it had been for two days before the acci- 
dent while the boiler was being cleaned, 
in order to keep the valve free from wa- 
ter. On this occasion the cock had either 
not been opened or had become closed by 
dirt, for a considerable quantity of water 
collected in the branch pipe. To clear 
the latter the cock was opened wide with- 
out shutting down the junction valves on 
the other boilers, the vertical part of the 
pipe was emptied and a considerable sur- 
face in the horizontal section exposed to 
the steam, when water hammer of suffi- 
cient force to break the valve casing oc- 
curred. The fault lay in opening the cock 
without first shutting the junction valves 
of all the boilers. 

Where there is more than one 
the pipes can better be installed as at A, 
in Fig. 4, or if this is impossible on ac- 
count of head room, all the branches 
should be drained by large pipes without 
cocks or valve, leading into an equalizer 
pipe across the boilers, with a connection 
controlled by a cock to each boiler, so that 
when any boiler is stopped its branch 
pipe will drain into the other boilers, as 
at B, in Fig. 4. 

Case 4—This was the fracture of a 
cast-iron junction valve casing on a 
boiler, caused by admitting steam into a 
horizontal length of pipe half filled with 
water. There was a drain cock on the 
valve casing, but it was placed so high 
that no discharge took place until the pipe 
was half filled. The conditions, Fig. 5, 
were that one boiler was out of service 
for three weeks. The junction valve B 
was closed and the stop valve C, being 
very leaky, was open at the time of the 
explosion. The drain in valve B was 
open and the stop valve A leading to the 
other boilers was shut 15 hours before 
The superheater S con- 


boiler 


the explosion. 
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tained water, and possibly also the 7-inch 
pipe up to the level of the drain. The 
water hammer was produced when the 
stop valve A was opened to give steam 
to the engine, the fault being in opening 
the valve A before closing the valve C. 
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cast-iron steam pipe by water hammer. 
Steam had been left to condense in 90 
feet of new uncovered pipe varying from 
9 to 6 inches in diameter. The engine 
valve A, Fig. 7, was shut, and the drain 
was shut. Water hammer occurred when 
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The engineer should have known that 
unless the valves B and C were abso- 
lutely tight there would probably be water 
in the superheater. He should have shut 
off the valve C before opening valve A, 
and left it closed, with the water in the 
superheater, until the fire was lighted in 
No. 9 boiler to evaporate it. The drain d 
should have been located at the lowest 
point of the pipe. 

Case 5—This accident was the fracture 
of a cast-iron reducing valve by water 
hammer. The valve was placed at one 
end of the main steam pipe crossing a 
group of four boilers, Fig. 6, and could 
be shut off from the pipe by a wedge- 
shaped valve near to it. The steam main 
had a fall of about 3 inches toward the 
wedge-shaped valve, and at the time of 
the explosion the stop valve on the boiler 
next the wedge valve was shut, and the 
stop valves on the other three boilers 
open. The explosion occurred early in 
the morning and was caused by the night 
watchman’s opening the wedge valve to 
admit steam to the reducing valve, and 
through it to the heating system in the 
mill. The steam main being partly filled 
with water, a violent water hammer was 
at once set up. If the drain had been 


cross-connected to the other boilers the 
steam main might have been kept free 
from water. 

Case 6—This was the fracture of a 
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the engine stop valve was opened. The 
pipes were new and well designed, having 
been in use but a week. The boiler-junc- 
tion valves were shut at the nightly clos- 
ure of the plant, but were left open dur- 
ing the stops for meals, and the condensa- 











FIG. 6 





April 20, 19009. 





tion during the dinner hour on the day 
of the accident must have been sufficient 
to fill the well pipe and partially fill the 
36-foot length of nearly horizontal pipe 
leading to it. The fault was in opening 
the engine stop valve before closing the 
boiler-junction valves and opening the 
drain. With the well pipe overflowing 
into the steam main, it would have been 
dangerous to open the drain without first 
shutting the boiler-junction valves. <A 
try cock or a telltale float would hav 
shown the conditions. The drain should 
have been opened when the engine was 
stopped, and left open until the engin 
was started again, or if left shut th« 
junction valves on the boilers should have 
been closed before reopening it. 

Case 7—This accident was the fractur: 
of the cast-iron casing of the junction 
valve on a boiler line. The boiler, Fig. &, 
was one of a group of nine, and the steain 
was conveyed from the junction valve to 
the steam main by a 7-inch branch pipe 
about 16 feet long, which was joined by 
a bend to the under side of the steam 
main, so that when the junction valve 
was shut, not only the steam condensed 
in the branch, but also water from the 
main would accumulate in this pipe. To 
prevent the accumulation of water a 
tZ-inch drain pipe and valve were fitted 
to the lowest part of the branch near the 
junction valve. The pipe had originally 
been connected to a %-inch pipe leading 
to a drain in front of the boilers, but this 
was later disconnected and shortened to 
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about 18 inches, so that when the valve 
on it was open it dischargec upon the top 
of the side flue of the boiler. On a cer- 
tain day the junction valve was shut 
down, and on the next day the water 
was run out and four men sent into the 
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boiler to scale it, and four others into the 
external flues to sweep them preparatory 
to the annual examination. It was cus- 
tomary at this plant, when a boiler was 
laid off for cleaning, to insert a blank 
flange at the joint of the 7-inch branch 
pipe with the steam main, to prevent the 
men in the boiler being annoyed by the 
leakage of steam and hot water past the 
junction valve. On this occasion the pre- 
caution was omitted, but the %-inch drain 
above referred to was opened to keep the 
branch clear of water. The discharge 
from this drain, running upon the brick- 
work, percolated through into the flue 
and annoyed the men sweeping it. The 
evidence was that someone shut the drain 
and later obtained an iron plate to lay 
upon the boiler top to lead the water 
away from the brickwork, had then opened 
the %4-inch drain and thus disturbed the 
surface of the water which had in the 
meantime accumulated in the branch pipe, 
and so caused the water hammer which 
broke the casing. The pressure in the 
pipe was 95 pounds per square inch. 

At the investigation of the accident it 
was decided that the chief engineer and 
the foreman of the company were to 
blame for the explosion. They should 
have been aware that the %-inch drain 
pipe had been shortened and was dis- 
charging water upon the brickwork, and 
so into one of the flues, and that the flue 
cleaners were adopting the clumsy ex- 
pedient of using sheets of iron to divert 
the water, and also that it was highly 
probable that laborers of this class might 
temporarily close the valve of a drain 
pipe which was causing them annoyance 
through dripping. The drain pipe had 
remained in defective condition for over 
a year. It was clearly dangerous to allow 
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men inside the boiler under the circum- 
Stances, for the main steam pipe should 
have been disconnected and a blank flange 
put on. The drain should have been 
cross-connected to at least one of the 
other boilers. 

Case 8—This was the fracture of a 
steam stop valve, Fig. 9. The initial con- 
citions were: Stop valve B shut, drain 
shut, and the 3-inch pipe full of condensed 
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steam at low temperature. The water 
hammer was caused by opening the drain 
two turns, giving an opening of about 
l@ square inch for two minutes, or if this 
did not lower the water level in the 3-inch 
pipe to AA, opening the stop valve B 
after the drain had been open two min- 
utes. Whichever of these acts lowered 
the water level in the 3-inch pipe to A A 
caused the water hammer. The fault was 
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in opening the drain or the valve without 
shutting off the steam main. The drain 
could have been trapped and left open, 
but the better plan would have been to 
place the stop valve B close under the 
steam main. 

Case Q—This was the forcing of a 
cast-iron flange off the screwed end of a 
3-inch wrought-iron pipe and breaking 
it by water hammer under a steam pres- 
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sure of 95 pounds per square inch. 
Initially the stop valve C was shut, and 
D was open. The engine stop valve A 
was open and the drain shut. Condensed 
steam had accumulated and cooled in 
pipe EE. Water hammer was caused by 
closing valve D, opening the drain and 
valve C. The fault was in opening the 
valve C before closing the junction valves 
on the top boilers. To avoid the neces- 
sity of closing these valves before opening 
valve C, the pipe EF should have been 
fitted with a large drain leading to a 
steam trap, which would have kept the 
pipe clear as long as the trap acted. A 
still better plan would have been to have 
installed a well or tank pipe close to C, 
drained by a trap and fitted with a float 
telltale or small test cock to enable the 
engineer in charge to see that the pipe 
was free from water before opening the 
valve C, and to warn him that the junc- 
tion valves on the boilers should be 
shut. 





Museum of Safety Election 


Announcement has just been made of 
the election of the following officers of 
the Museum of Safety and Sanitation: 
Acting president, Philip T. Dodge; vice- 
presidents, Charles Kirchhoff, T. C. Mar- 
tin, Prof. F. R. Hutton, R. W. Gilder; 
treasurer, Robert A. Franks; plan and 
scope committee, Prof. F. R. Hutton, Wil- 
liam J. Moran, Dr. Thomas Darlington, 
H. D. Whitfield, P. T. Dodge; director, 
William H. Tolman. Among the charter 
members are C. H. Dodge, Elbert H. 
Gary, Richard Watson Gilder, Dr. Thomas 
Darlington, Charles Kirchhoff, T. Com- 
merford Martin, Philip T. Dodge, Prof. E. 
R. A. Seligman, Irving Fisher, William J. 
Moran, Henry D. Whitfield, A. R. Shat- 
tuck and Prof. F. R. Hutton. 

The Museum of Safety and Sanitation 
has its office in the Engineering Societies’ 
building, 29 West Thirty-ninth street, New 
York City. The objects of the museum 
are to study and promote means and 
methods of safety and sanitation and the 
application thereof to any and all public 
or private occupations whatsoever, and of 
advancing knowledge of kindred subjects; 
and to that end to establish and maintain 
expositions, libraries and laboratories and 
their branches, wherein all matters, me- 
thods and means for improving the gen- 
eral condition of the people as to their 
safety and health, may be studied, tested 
and promoted, with a view to lessening 
the number of casualties. 





At the Greenwich station of the Lon- 
don County Council Tramways the ex- 
ternal surface of the live-steam pipe sys« 
tem uncovered is about 8000 square feet, 
or about 0.235 square foot per kilowatt of 
normal capacity. 
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Three-phase Transformer Con- 
nections and Resulting 
Voltages 












By A. D. WitutaMs, Jr. 











The accompanying Table 1 gives the 
voltage between the line and the neutral, 
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ig FIG. I. THREE-PHASE DELTA-CON NECTED 
GENERATOR 








TABLE 1. VOLTAGE OF THREE-PHASE 
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1| 0.6} 100| 57.8) 10,000 | 5,773.5 
2] 1.2] 200} 115.5) 20,000 | 11,547.0 
3| 1.7 | 300 173.2} 30,000 | 17,320.5 
4| 2.3 | 400 | 230.9} 40,000 | 23,094.0 
5 | 2.9] 500 | 288.7) 50,000 | 28,867.5 
-6| 3.5 | 600 | 346.4) 60,000 | 34,641.0 
7| 4.0} 700 | 404.1) 70,000 | 40,414.5 
8 | 4.6} 800 | 461.9} 80,000 | 46,188.0 
9| 5.2/| 900 | 519.6; 90,000 | 51,961.5 
10 | 5.8 | 1000 | 577.4) 100,000 | 57,735.0 
20 | 11.6 | 2000 |1154.7 
30 | 17.3 | 3000 |1732.0 
40 | 23.0 | 4000 |2309.4 
50 | 28.9 | 5000 |2886.8 
60 | 34.6 | 6000 |3464.1 | 
70 | 40.4 | 7000 |4041.4| | 
80 | 46.2 | 8000 |4618.8) | 
90 | 52.0 | 9000 5196.2} | 

















or ground, on a three-phase star-connected 
circuit, and by simple addition will give 
the voltage to the neutral or ground for 
any potential not included in the table. 

Example—To find the potential between 
the ground and any phase of an 11,000- 
volt circuit: 

5773-5 + 577-4 = 6350.9 volts. 

The Mekitene of a three-phase, star- 

connected generator is shown in Fig. 2. 















POWER AND THE ENGINEER. April 20, 1909. 
The neutral wire makes this a three-phase, The T-connection, Fig. 6, overcomes the 
four-wire system. The usual method con- disadvantage of the V-connection. The 
nects the neutral to the ground, and this unbalancing is not as serious. The ratios 
is the three-phase, three-wire system used given between the transformer taps on this 
for most transmission lines. The neutral diagram are the theoretical values. In 
point of the star-connected circuit is not practice the transformer marked with the 
necessarily grounded, but where it is de- ratio 0.867 may have the ratio 0.85 or 0.90 
sired to operate without a ground connec- and will then operate satisfactorily. 
tion or to ground one phase, a condition Nearly all transformers made have taps 
that occurs in three-phase railway work, taken out from the primary winding so 
the delta connection shown in Fig. 1 is 
more often used. 

The method of connecting the trans- 
formers for delta, or triangle, circuits is 
shown in Fig. 3, and for star connection 








TABLE 3. TRANSFORMATION RATIOS ; 
PRIMARY AS IN FIG. 8, SECOND- 
ARY AS IN FIG. 7 





|Ratr1o OF TRANSFORMA- 





















































in Fig. 4; in the latter the neutral is | oe TION,, SECONDARY 
r Pp : JOILS IN 
shown dotted. These two methods are Primary | Primary 
. Voltage. | Coil in i 
the usual three-phase connections and re- | Use, Per | wruiti-| Series- | 
quire three transformers or a three-phase Cent. ple. | Mult. | Series. 
transformer. This latter differs only ~~~ (| 100. ~+| 40 20 @3©| «10 
. . 4 q | € 5 
from three single-phase transformers in Normal... | = =<} 3 

4 ees : 1 D 
having a magnetic circuit, certain portions 9; per cent. § - = = 2-6 
of which are in common. Figs. 5 and 6 of normal 90 338 _|19 | 9.5 
illustrate two forms of three-phase con- go per cent. ( = % 5 at 25 | hy - 
nection for transformers which are rarely © Of normal (_ ‘ 2 40 20 10 

OL ‘ in 

50 per cent. (| 24 Multiple , A 
TABLE 2. TRANSFORMATION RATIOS; — fF normal} | — 108 | = i. 2.5 
PRIMARY AS IN FIG. 7, SECOND- 45 per cent. i 100 | 29 | 11 oe 

ARY AS IN FIG. 9. of normal {| 90 20 10 | 5 

= | 
| _ |RatIoYortTRANSFORMA- 
—- TION, SECONDARY / | 
Primary Primary Corts IN & 
Voltage. Coil in | | 
| 7" | | Multi-| Series- ; 
‘ ple. Mult. Series. 
4 100 40 | 20 10 
St oasias 95 38 | 19 9.5 
Normal... .< 90 36 18 9 
| 85 34 | 17 8.5 
rf; 100 42 | 21 10.5 
95 per cent. } 95 40 20 10 
of normal} | ¢ 5 
Uy 
ri 100 44.5| 2 1 
90 per cent. | | 95 | 42 21 10.5 
of normal | | 90 | 40 20 10 
U 85 38 | 19 9.5 
rf; 100 47 | 28.5 | 11.75 a 
85 per cent. | 95 | 45 | 22.5 11.25 DP 
of normal } 90 | 42.5) 21.25 | 10.63 og 
| “ee 40 20 10 aD 
50 per cent. ie C ial ‘ 
ent. Coils| > 20 10 5 

of normal in Mult. | 7 
used, but which may be found of service 
in emergencies. 

The three-phase V-connection, Fig. 5, is J+ - ——_— -} $a. —] ‘ 
sometimes called an open-delta connection. | 
This connection would result if one of the Le 1— - | 
transformers shown in Fig. 3 were re- 
moved for some cause or other. This 

. ‘ 0.57 >-— 0,57 > 
property of the three-phase delta circuit 
is of advantage in permitting continuous pe - 
operation under practically any emergency 
that may arise, and is one of the reasons iii al 


why the delta-connected circuit has been 
used in some transmission lines. In the 
three-phase V-connection, if the amount 
of current per phase be represented by 1, 
the current flowing through each trans- 


FIG. 2. THREE-PHASE STAR OR Y-CONNECTED 
GENERATOR 


that they may be operated with 100, 95, 90 
Phir or 85 per cent. of the primary coils in ser- 
former winding will be Y 3 = 1.73, vice; and a top is usually connected to the 
from which it canbe seen that the cop- middle of the primary winding. Occasion- 
per loss of the transformers will be in- ally they are arranged to operate with 
creased. The objection to this connec- only 100, 95 or 90 per cent. of the primary 
tion arises from the tendency of the trans- in service. The schematic arrangements 
‘former impedance to produce an unbal- of these two cases are shown in Figs 

anced secondary voltage, which also pro- and 8, respectively. The percentage values 
duces unbalancing in the primary circuit. given are the ratios between the total 
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umber of turns in the primary coilsand the 

umber of turns between the various taps. 

If the ratio across the entire primary 
winding be taken to represent the poten- 
tial in volts for which the primary wind- 
is normally designed, the ratios given 
represent the various primary potentials 
upon which this winding can be connected 
to deliver the full secondary voltage. 
Thus the winding shown in Fig. 7 will de- 
liver the normal secondary voltage when 
the primary voltage is 100, 95, 90, 85 or 50 
per cent. of the normal or, with normal 
primary voltage, secondary voltages of 


ing 
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FIG. 3. THREE-PHASE DELTA CONNECTION OF 
TRANSFORMERS 
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FIG, 4. THREE-PHASE STAR CONNECTION, 


NEUTRAL DOTTED 


100, 105, III or 117 per cent. of normal 
voltage can be obtained. The winding 
shown in Fig. 8 will deliver the normal 
secondary voltage when the primary volt- 
age is 100, 95, 90, 50 or 45 per cent. of 
normal or, with the normal primary volt- 
age, can deliver a secondary voltage of 


100, 105 or III per cent. of normal. The 
Primary connections shown are those 
usual on distributing transformers and 
transmission transformers. 


ie secondary or low-tension winding 
ly found in distributing transformers 
hown schematically in Fig. 9, and the 


POWER AND THE ENGINEER. 
four coils can be connected in series, 
multiple-series or multiple, giving secon- 
dary potentials of 100, 50 or 25 per cent. 
of the normal, or they can be used to 
operate two-, three- or five-wire circuits. 
As any of these combinations may be 
made in connection with any desired pri- 
mary connection, it can be seen that a 
wide variety of transformation ratios can 
be obtained between the primary and the 
secondary voltages. Assuming that the 
normal ratio of the transformer from 
primary to secondary is 10 to I, a com- 








mon ratio in distributing transformers, 
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FIG. 5. THREE-PHASE V-CONNECTION 
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FIG. 6. THREE-PHASE T-CONNECTION 


the following transformation ratios can be 
obtained when the secondary shown in 
Fig. 9 is used in connection with the pri- 
mary shown in Fig. 7: 40, 38, 36, 34, 20, 
19, 18, 17, 10, 9.5, 9, 8.5 and 5 to 1. Table 
2 gives the ratios for various primary volt- 
ages using different taps on the primaries. 
Table 3 gives the ratios obtainable when 
the primary shown in Fig. 8 is used in 
combination with the secondary shown in 
Fig. 7, the desired ratio between the total 


primary and secondary winding being 
10 to I. 
In some cases intermediate taps are 


717 


brought out on the secondary winding 
similar in location to those shown in Figs. 
When this 
arrangement is used, a wider variety of 


7 and 8, but these are unusual. 


ratios can be obtained, as a greater num- 
ber of combinations of connections can be 
made. 

In the perfect transformer, that is, one 
in which no losses occurred, the primary 
amperes multiplied by the number of turns 
in the primary coil would be equal to the 
secondary amperes multiplied by the num- 
ber of turns in the secondary coil. The 


watts drawn from the line would equal 
Kx 1.90 4 
> 0.05 0.95 
7 0,35 > ] 
0.90 ~~ 0.10 K 
[| 
~< 0.50 >| 0,50 a 
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FIG. 9. SCHEMATIC ARRANGEMENT OF SEC- 

ONDARY WINDING 

the number of watts delivered to the 


secondary circuit. In practice, the design 
of transformers is complicated by the iron 
losses, due to hysteresis and eddy cur- 
rents and the copper losses, due to imped- 
ance and reactance, the latter being usu- 
ally so small that it may be neglected. 
Transformers are rated on their kilovolt- 
ampere output at unity power factor on a 
true sine The power factor is 
always less than unity in practice. The 
true sine wave is also rarely found in 
commercial circuits, hence it is necessary 
to allow a margin for these conditions. 


wave. 
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The Use of Indicators in Refrigeration 


Limitations of the Diagram in Work of This Character; Its Meaning in 


Compression; Analogy to and Comparison with the Steam Diagram 





BY 





The indicator in steam-engine design 
and operation is in common use today in 
valve setting and in the determination of 
the efficiency of steam engines, and its 
value in this connection is well known. 
Its application to the steam engine and 
the details of its use are familiar facts, 
but its application to the compressor in 
refrigerating plants is not so common. 
In fact, ammonia-refrigerating machine 
manufacturers themselves advocate the 
use of a thermometer with their installa- 
tions. Most engineers, however, who are 
thoroughly familiar with the workings 
of the indicator recognize its applicability 
to both cases. 


LIMITATIONS OF THE INDICATOR DIAGRAM 


That the indicator diagram is just as 
useful in refrigeration as in steam-engine 
work is beyond doubt. In the steam en- 
gine it merely records the pressure in the 
cylinder depending on the cylinder stroke, 
and it acts in the same way in the am- 
monia compressor. Its limitations here 
are the same as in steam work. In steam 
work nothing can be learned from it about 
the degree of superheat in the steam, the 
amount of moisture in it, or the quantity 
of steam which passes through the cylin- 
der at each stroke of the piston. In fact, 
it takes no account of the temperature of 
the steam. This can only be deduced from 
the pressure and the volume as shown on 
the diagram. These limitations hold in 
refrigeration work as well, and no record 
can be obtained by its use of the degree 
of superheat in the ammonia gas or its 
temperature, or the amount of liquid or 
vapor carried over in the gas or evapo- 
rated in the compressor itself. As to 
these points many of them can be obtained 
from the thermometer in both of these 
installations. The fact that these latter 
points have more influence in refrigera- 
tion work than in steam work is responsi- 
ble for the opinion that the indicator is 
not applicable to this development. Steam 
should never enter the cylinder partially 
condensed and effort is made to avoid 
this condition. However, in refrigeration 
work, especially in wet compression, it 
is desirable that a part of the liquid 
should enter the cylinder in order to per- 
mit its further evaporation in the cylin- 
der. These variations are due to the fact 
that in steam work the heat is desirable 
in the cylinder, while in refrigeration it 
must be gotten out as completely and as 
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rapidly as possible. These conditions, of 
course, give an entirely different concep- 
tion of the indicator work and its rela- 
tive importance in the two developments. 
Thus work is the end sought after with 
steam and the presence of heat is not of 
such importance. In the case of the re- 
frigerating machine, heat, or rather the 
removal of it, is the object in view. The 
indicator performs the same duty in the 
one case as in the other. It is invaluable 
in both steam-engine practice and am- 
monia compression and it would be diffi- 
cult to obtain adequate data in regard to 
these machines without it. Adequate data 
in regard to pressure and total work done 
in expansion and compression can be got- 
ten in no other way. Of course, if no 
account is taken of the quantity of work 
done by the compressor in refrigeration, 
or of the amount of steam used, the indi- 
cator is not particularly useful in this de- 
velopment, and the thermometer answers 
very well, if the refrigeration alone is 
considered. The same may be said, how- 
ever, of steam work. In the refrigeration 
machine the same information can be ob- 
tained by the use of the thermometer and 
metering the ammonia as can be gotten 
in steam work by the use of the ther- 
mometer and measuring the water con- 
sumed. The metering of the ammonia is 
done practically by measuring the refrig- 
cration produced in the cooling coils. The 
refrigerating-machine manufacturers, as a 
general thing, have not considered the 
compressor as an efficient machine from a 
work point of view, and hence the low 
estimate placed upon the usefulness of the 
indicator in this field. There can be no 
doubt that a wider use of the indicator 
would result in showing where improve- 
ments are desirable and practicable. 


ANALOGY OF THE STEAM DIAGRAM 


A study of the steam diagram in its 
analogy and contrasts with the indicator 
diagram as used in refrigeration work, 
will aid in making more clear a descrip- 
tion of the latter. The general shapes of 
the diagrams are the same. In both they 
should consist of horizontal lines, one 
above the other, the lower always being 
longer than the upper and the two con- 
nected on one side by a vertical line and 
on the other by a line curving toward the 
lower straight line. In steam work the 
object in view is to get the greatest 
amount of work with the least steam .con- 
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sumption. In compression the object is 
to get the greatest amount of compres 
sion with the least work. The upper 
straight line in the steam diagram repr: 
sents the portion of the stroke during 
which steam enters the cylinder, and its 
distance from the lower line represents 
its pressure above that of the exhaust. 
Hence, the distance between the two lines 
must be as great as possible, or the pres- 
sure of the steam as it enters must be as 
high as possible, in order to get the maxi- 
mum amount of work obtainable. Then, 
too, the line must be as short as possible, 
as its length is always proportional to the 
amount of steam that enters the cylinder 
per stroke of the piston. The area of the 
diagram being equal to the pressure times 
the change in volume represents work, 
and by making the upper line longer a 
larger area is secured and therefore more 
work done per stroke of the piston, but 
more steam is used, and the object here 
is to get the greatest possible proportion- 
ate amount of work from a given quan- 
tity of steam. In overloads, of course, the 
time of cutoff is extended and we have 
varying lengths of cutoff, in many cases 
automatically regulated by the governor. 
In these cases the engine does more work, 
but it uses a larger proportion of steam, 
and its efficiency is lowered. 

In the best engines the cutoff is made 
to operate under normal circumstances, so 
that the greatest proportionate amount of 
work is accomplished at the best effici- 
ency from a _ steam-consumption view- 
point. This is equivalent to stating that 
the rest of the curves in the diagram 
are so proportionate and have such rela- 
tions that with this particular length of 
upper line, or steam consumption, the 
greatest area, or work done relatively, is 
obtained. After the cutoff is made, that 
portion of the expansion remaining should 
be adiabatic for most efficient work, or, 
in other words, the remainder of the 
upper line in the indicator diagram should 
be part of an adiabatic curve. An adia- 
batic curve is steeper than an isothermal 
one, and hence the latter would give a 
larger area to the diagram and, therefore, 
more work, but in this case heat would 
have to be added while the change was 
taking place, and this extra heat would 
not be made use of at its highest effici- 
ency. On account of cylinder condensa- 
tion and the accompanying loss of heat, 
this curve, in practice, is even steeper than 
an adiabatic. To eliminate the cylinder 
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condensation, recourse is had to steam- 
jacketing the cylinder and this tends to 
make the curve isothermal as well. 


THE STANDARD D1IAGRAM AND Its MEAN- 
ING IN COMPRESSION 


In compression the upper kalf of the 
diagram represents the compression part 
of the stroke. The ammonia gas or air is 
compressed adiabatically. This compres- 
sion continues until the valve opens and 
during the remainder of the stroke, while 
the gas is leaving the compressor and 
entering the condenser, the line should be 
horizontal. Now, the amount of refrig- 
eration produced is proportional to the 
quantity of ammonia gas leaving the com- 
pressor. The amount of work done on 
the gas by the compressor is, of course, 
represented by the area of the diagram, 


and hence the object here is to get the © 


upper line as long as possible. The area 
of the diagram, or the work done, be- 
comes less the nearer the suction pres- 
sure is to the condensing pressure. The 
colder the condensing water and the lar- 
ger the condenser the less will be this 
pressure; hence follows the great effect 
which the temperature has on the effici- 
ency of a given plant and the amount of 
work required. If the condenser is too 
small to take the extra charge from the 
compressor without extra work, the upper 
straight line will not be horizontal, but 
will continue to rise with further com- 
pression; and this represents a loss in 
efficiency also, since the pressure at which 
the valve opens is the pressure at which 
the condenser can work if its capacity is 
not overcrowded. All this work done on 
the gas up to this time appears as heat, 
and the compression, therefore, is adia- 
batic. 

As the adiabatic curve is steeper than 
the isothermal, the compression should be 
isothermal and the temperature of the 
ammonia gas should be kept down during 
the compression, in order that the area in 
the diagram, which represents the work 
done, shall be as little as possible. Water 
jacketing is resorted to to obtain this re- 
sult, and the efficiency of this device is 
readily shown from the curve on the indi- 
cator diagram. This line is also affected 
by the speed of the compressor. The heat 
cannot escape from the gas to the water- 
jacket fast enough if the compressor is 
operated too rapidly, and the curve be- 
comes adiabatic and more work is done. 
Again, under these circumstances the 
entering cold gas on the next stroke re- 
absorbs this heat very rapidly from the 
cylinder walls and expands back into the 
cooling coils before the closing of the 
valves. This reduces the capacity of the 
condenser with a consequent loss in re- 
frigeration produced. An analogous situa- 
tion exists in the steam engine, which ex- 
plains the fact that an increase in speed 
results in an increased efficiency in the 
Steam engine, while in the ammonia com- 
Pressor the reverse effect is in evidence. 
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Thus, the indicator diagram becomes in- 
valuable in showing the speed at which 
the best results can be obtained from the 
compressor. 

In practice, however, an ammonia com- 
pressor is run at its maximum operating 
speed. This is often done without regard 
to the efficiency of the operation, but in 
order to secure the highest possible re- 
turns on the first cost investment. The 
excess refrigeration, however, is some- 
times produced at a loss even when the 
first cost factor is given full considera- 
tion, and the point at which the loss be- 
gins should be positively known by the 
operator, and this point can only be ob- 
tained by intelligent use of the indicator 
diagram. 


Dry veRSUS WET COMPRESSION 


The conditions considered so far have 
been those which in refrigeration are simi- 
lar to steam work, assuming a dry gas as 
the working substance and not a conden- 
sable one or one containing liquid which 
enters the cylinder with the gas. A con- 
sideration of these factors materially 
alters the conditions to be considered and 
also alters the indicator diagram. What 
has been considered thus far has dealt 
with dry compression. In what is known 
as wet compression an amount of water, 
varying with different conditions, is 
sucked into the cylinder. Under these 
conditions the cylinder volume available 
for gas to be compressed has been dimin- 
ished by the presence of the water in the 
cylinder. The upper horizontal line in 
the indicator diagram, understood as be- 
ing proportional to the quantity of gas 
compressed in the cylinder per stroke, can 
no longer be so considered, if this gas is 
measured in volumes as in the case of 
the previous gas with the existence of 
constant condensing pressure. 

In dry compression the recording effects 
in the cylinder walls constitute a very ob- 
jectionable feature, and to eliminate these 
effects small quantities of liquid are in- 
jected into the compressor. This elimina- 
tion, however, is not accomplished and it 
is present in both cases, probably even to 
a greater extent in the wet compression 
than in the dry. These reheating effects 
may cut the capacity of the compressor 20 
per cent. This effect is present in the 
cylinder in the form of a rise in tempera- 
ture followed by a diminution in density 
at. constant pressure, and cannot be de- 
tected on the indicator card. On the 
other hand, in wet compression, when 
liquid enters the cylinder a portion of it 
is immediately evaporated and the gas 
which results tends to diminish still 
farther the capacity of the cylinder for 
the gas coming from the cooling coils. 
However, this compression takes place at 
a lower temperature and consequently 
with an increased amount of gas. The 
relative efficiency of these two methods is 
a much-mooted question, as the extent to 
which the two opposing tendencies coun- 
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terbalance each other is not known. In 
dry compression the reheating effects 
sometimes become cumulative with high 
speeds if the water jacket does not act 
very efficiently in performing its duty of 
removing the heat from the cylinder. This 
factor is not present in wet compression, 
and if the proper amount of liquid for 
cooling is injected with each stroke of the 
piston, much higher speeds can be ob- 
tained, at least theoretically. The com- 
pression curve even in the wet compres- 
sion is approximately an isothermal one, 
being below the adiabatic. Less work 
should be done per stroke by this method, 
and the only question is the relative effici- 
ency of this work in the two cases. 


Tue Suction Part oF THE CYCLE 


This brings us to the lower limb of the 
cycle, or in other words, the lower line 
of the diagram. In refrigeration it con- 
sists of the suction part of the cycle and 
the effect of clearance on the lowering 
of the pressure in the cylinder to that 
in the cooling coils. In the steam work it 
corresponds to the exhaust stroke and the 
return to the boiler pressure. In steam 
the lower line should be as far as possible 
from the upper, in order that the area in- 
closed in the diagram may be as large as 
possible. This merely means that the 
pressure at the exhaust should be as low 
as possible and the lower line should be 
horizontal in order that there may be no 
loss in area, or a diminution in the availa- 
ble work, resulting from a rise in this 
line. This rise may be the effect of a 
number of different causes, such as in- 
sufficient condenser capacity, or the water 
may not be cold enough to counteract the 
tendency to increased pressure from the 
advent of additional steam, or a variety 
of other defects in the size of the exhaust 
ports or pipes, or the operation of the 
valves. All these defects can be recog- 
nized with facility by the form of this 
line with relation to the remainder of the 
diagram. The line should be vertical for 
the remainder of its length, and should 
appear only at the end of the stroke, when 
the pressure is again raised to boiler pres- 
sure. Any variation in this line from the 
vertical means a loss in efficiency due to 
a variety of causes, such as errors in the 
proper size of ports, leakages or improper 
closing of the exhaust valves. All these 
cases can be easily diagnosed as variations 
and combination of variations in the form 
of the diagram. 

In compression, on the other hand, the 
lower line involves in its vertical com- 
ponent the expansion of the gas which re- 
mains in the cylinder after the compres- 
sion is finished, and is known as clear- 
ance gas. Then comes the combination of 
the suction valve and the horizontal line 
of suction pressure. This line should be 
very close to the upper line for greatest 
efficiency, since under these conditions the 
area is smallest or the work done is at a 
minimum. This result is obtained best 
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when the suction pressure is high. This 
pressure, however, depends on the tem- 
perature of the boiling ammonia in the 
cooling coils and hence it may be seen 
why the temperature required in the re- 
frigerator affects so greatly the efficiency, 
and also why the lower the temperature 
required the less efficient will be its pro- 
duction. The lower line should be hori- 
zontal. Any lowering of this line means 
increased work on account of stiff valves, 
too small ports or pipes, or a leak of suff- 
cient extent in the cooling coils to produce 
this effect. A vertical clearance denotes 
the complete absence of ammonia remain- 
ing in the cylinder from the compression 
stroke, and this, of course, is desirable. 
Leaky valves or abnormal clearance en 
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tric produces variations in the times of 
operation of the valves which very materi- 
ally affect the efficiency. By means of the 
diagram a complete study of the valve 
mechanism is possible, and in addition it 
is the principal, as well as the best, method 
for getting the best efficiency and proper 
eperation in this department. 





An Interesting Low Pressure Pump- 
ing Installation 


By ALsBert E. Guy 


There has lately been completed by a 
large steel company a pump installation of 
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header, the capacity of the header being 
deemed sufficient for the needs of the 
turbine. Neither was there any heat 
accumulator installed, as on failure of the 
low-pressure steam supply the machine is 
arranged to operate on steam at boiler 
pressure. 

In view of obtaining continuous opera- 
tion it was necessary to devise a machine 
that would operate under a number of 
conditions. The turbine was to be located 
near and in connection with a large cen 
tral condensing plant in use for numerous 
engines, a number of which were re 
versing rolling-mill engines, so that the 
vacuum was very irregular, varying from 
18 to 27 inches and averaging about 22 
inches. The vacuum was also lost at 














FIG. I. COMBINATION HIGH- AND LOW-PRESSURE TURBINE DRIVING TWO I6-INCH PUMPS IN SERIES 


the pressure side causes this line to curve 
over. This results in less work being 
done in a cycle, since the area inclosed is 
smaller. However, some of the work 
done in this case is repeated work, and the 
efficiency is thus diminished. Clearance in 
the cylinder has the same effect that a 
spring would have if inserted between the 
piston and piston head. Work is lost 
here, resulting in extra heat in both cases. 

The usefulness of the indicator extends 
over a wide range, and a large amount of 
knowledge thus becomes available in re- 
gard to the internal behavior of the am- 
monia compressor and of the conditions 
governing its efficiency. The chief value 
of the indicator is in valve setting, as a 
slight change in the position of the eccen- 


considerable interest, particularly so as it 
is the first of its kind in this country. It 
consists of a combination high- and low- 
pressure steam turbine of 150 horsepower 
capacity driving two 16-inch single-stage 
pumps connected in series, Fig. 1. This 
installation is quite noticeable in view 
of the extremely difficult conditions that 
the turbine was required to meet, as it was 
necessary that this machine operate con- 
tinuously without attention, on the failure 
of the low-pressure steam supply. 

The steam for the turbine is collected 
from a number of hydraulic pumps, air 
pumps and other auxiliary machines, all 
of which exhaust into a common header 
from which the turbine draws its supply. 
No large receiver was installed in the 


times due to trouble on the engines or 
air leaks, making it necessary to operate 
the turbine noncondensing as an emer- 
gency. The turbine was accordingly pur- 
chased to meet the following conditions: 
To carry full load when using steam at 
atmospheric pressure, exhausting into a 
vacuum of 22 inches; also to carry full 
load when operating with steam at 120 
pounds, exhausting into a vacuum of 22 
inches; also to operate condensing wit! 
steam at 90 pounds pressure, exhausting 
into a vacuum of 22 inches. In case of 
emergency it must operate noncondens!! 
with steam at 90 pounds pressure; all 
these variations to be handled autom 
cally, with the exception of the emerge! 
noncondensing condition. 
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The machine is used for pumping water 
from the hotwell of a central condensing 
plant to the purifying tanks of a large 
water-purification system, supplying all 
the boilers of the steel plant with purified 
water. The conditions for this work are 
to deliver 5000 gallons of water per min- 
ute against a total head of 65 feet. How- 
ever, as the water-purification plant re- 
quires but one hour of work out of three, 
if used for this service only, a pump 
would have been in operation only one- 
third of the time. In order to keep the 
machine in continuous operation to obtain 
the greatest returns from the investment, 
and also to assist in obtaining lower 
costs on the main water-supply system, 
it was determined to use this pump, for 
the two-thirds of the time that it was not 
supplying the purifying system, on the 
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FIG. 2. 


main standpipe system. The total water 
consumption of the plant is so large that 
the small amount of heat contained in the 
hotwell water handled by the turbine 
pump was of no importance. 

The machine was accordingly connected 
to the main water-works system in the 
following manner: The total head for the 
purifying tanks is 65 feet, as stated above. 
The total head of the standpipe system is 
95 feet. The purifying system was at a 
considerable distance from the pump so 
that it would be impossible for an attend- 
ant to go from the purifying system to the 


pumping plant. The machine was piped 
into both systems with a check valve be- 
tween the standpipe system and the pump, 
and a gate valve directly at the purifying 
Plant in charge of the purifying-plant 
attendant. As the purifying-plant head 
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was less than the standpipe head, when it 
was desired to fill one of the tanks, the 
attendant simply opened the valve and the 
water from the turbine would at once 
flow into the purifying system. During 
this period the check valve of the stand- 
pipe system would close, but on closing 
the purifying-system valve the pressure in 
the pump would at once increase and as 
soon as it exceeded 95 feet the water 
would flow into the standpipe through the 
check valve. In order that the pump 
would work automatically on both sys- 
tems, the impellers were so designed that 
they would give practically the same effici- 
ency when pumping against either 65 or 
95 feet, in one case delivering 5000 and 
in the other case 4000 gallons per minute. 

The machine was most carefully tested 
by representatives of the steel company 
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before leaving the factory, and later tested 
after installation at the plant. The results 
of these tests were very interesting in 
showing the number of conditions that 
can be successfully handled by a De Laval 
turbine. Fig. 2 shows characteristic curves 
for a 16-inch turbine centrifugal pump de- 
signed to deliver 6000 gallons per minute 
against a head of 65 feet when making 
950 revolutions per minute. On actual 
test the turbine operated on steam at 
atmospheric pressure, exhausting into a 
vacuum of 20 to 22 inches. It also oper- 
ated with steam at 5 inches of mercury 
below atmosphere, exhausting into a vac- 
uum of 26 inches. It also operated on 
steam at 120 pounds pressure exhausting 
into a vacuum of 20 inches and steam at 75 
pounds pressure, exhausting into the same 
vacuum. The emergency noncondensing 
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condition was successfully carried with 50 
pounds of steam. The resulting economies 
of all the conditions were nearly equal to 
the economy of a turbine designed for 
each one of these particular conditions. 
The arrangement of the turbine is as 
follows: It is supplied with two governor 
valves and two governors; one for high- 
pressure steam and the other for low- 
The high-pressure gov- 
few revolutions below 
normal speed and at this point keeps the 
high - pressure governor 


pressure steam. 


ernor is set at a 
valve _ tightly 
The low-pressure governor is set 
for normal speed and regulates the tur 
bine by means of the low-pressure gov- 
ernor valve. On the failure of the low 
pressure steam supply the machine drops 
a few revolutions in speed, thus releasing 
the high-pressure governor valve and ad- 
mitting steam at boiler pressure into the 
turbine. The steam nozzles in the tur- 
bine for the high- and low-pressure con- 
ditions are in separate compartments and 
ach nozzle is correct for the ratio of ex 
pansion of the conditions it has to meet, 
thus allowing of good economy with the 
variable conditions. 


closed. 


The noncondensing 
condition being for emergency only was 
not made automatic, and to operate the 
turbine noncondensing it was necessary to 
open a bypass valve admitting steam from 
the high-pressure steam compartment to 
the low-pressure nozzles. The ratio of 
expansion in the nozzle with steam at 
atmospheric pressure exhausting into a 
vacuum of 26 inches is practically the 
same as steam entering the nozzle at 120 
pounds pressure and exhausting at atmos- 
phere, thus giving very good results un- 
der either condition. The speed regula- 
tion obtained when changing from one 
steam supply to the other was less than 
2 per cent. 

In operation there is a very considerable 
fluctuation of the exhaust steam pressure 
due to the large hydraulic pumps running 


rather slowly and exhausting heavily 
when they do exhaust. The exhaust- 
steam pressure varies from 2 pounds 


above atmosphere to 5 inches of vacuum, 
but the regulating mechanism of the tur- 





bine handles this variation without 
trouble. 
A bill has been introduced into the 


Pennsylvania legislature prohibiting the 
emission of smoke. One thickness of gray 
glass of sufficient opacity to cut off 60 
per cent. of the light from a flame having 
the lighting power of 16 candles is taken 
as the basis of the scale, and four thick- 
nesses of such glass are designated as 
No. 1 of the scale. It is forbidden and 
declared to be unlawful to suffer or per- 
mit the emission or escape of smoke of a 
greater degree of darkness than No. 1 of | 
the scale; that is, the darkness produced 
by the passage of light through four 
glasses of the unit density. 








TABLE FOR CONVERTING HORSEPOWER INTO 
1 HorseEPpOWER = 745.65 WATTs. 
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TABLE FOR CONVERTING KILOWATTS INTO HORSEPOWER. 
1 KrLowatTtT = 1.3411118 HorsEPOWER. 
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Horsepower and Kilowatts 





One of the most frequent computations 
made in connection with electrical power- 
plant work is the conversion of kilowatts 
into horsepower, or the reverse. While 
the calculation is a very simple one, con- 
sisting of the division or multiplication of 
a given number by 746, it is sufficiently 
tedious to cause the average worker to 
use 750 watts as the horsepower equiva- 
lent in order to reduce the irksomeness 
of computation. In view of these well- 
known facts, the preparation of the labor- 
saving tables on the opposite page appeared 
to be worth while, and they are accord- 
ingly presented to our readers. 

The exact equivalent of a horsepower 
is 745.65 watts, and this value has been 
used in computing the tables. While the 
equivalents in both tables are expressed 
in numbers of four and five figures, it is 
seldom advantageous to use more than 
three in ordinary practice. 

By shifting the decimal point, the tables 
are applicable, of. course, to numbers of 
any magnitude, and the “additional tenths” 
have been included to facilitate such ap- 
plications and to insure the accuracy of 
conversions thus made. For example, the 
horsepower equivalent of 500 kilowatts 
could be easily determined by taking the 
equivalent of 50 kilowatts (67.06 horse- 
power) and moving the decimal point one 
figure to the right, giving 670.6 horse- 
power. But without the additional nine 
columns it would be much more trouble- 
some to get at the equivalent of 5270 kilo- 
watts, the procedure being thus: 





5200 kilowatts = 10) « 69.74 H.P. = 6974 h.p. 
70 kilowatts = 93.88 h.p. 
5270 kilowatts = 7067.88 h p. 


With the additional columns, however, 
the desired equivalent can be taken di- 
rectly from the table without any arith- 
metical work whatever. Thus, 52.7 kilo- 
watts = 70.68 horsepower; hence, 5270 
kilowatts = 7068 horsepower. 

Sometimes it will be found more con- 
venient to use one of the tables “back- 
ward” than the other one “forward.” 
Thus, if 1215 horsepower is to be con- 
verted into kilowatts, the use of the horse- 
power-watts table would require two con- 
versions and an addition, thus: 


1200 horsepower = 894,800 watts 
15 horsepower = 11,185 watts 


1215 horsepower = 905,985 watts 


or 906 kilowatts. By finding 121.5 in the 
body of the other table, the kilowatt 
equivalent is read directly. Thus, 121.50 
is in line 90, column 0.6; its equivalent, 
therefore, is 90.6 kilowatts, and, conse- 
quently, 1215 horsepower = 906 kilowatts. 

The tables are useful also in ascertain- 
ing the relation between motor output and 
intake and that between the output of a 
generator and the indicated engine horse- 
power required to drive it. For example, 
a 15-horsepower motor is of 90 per cent. 
efficiency; how many watts will it take 
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from the supply circuit? From the horse- 
power-watts table, 15 horsepower = 11,185 
watts, which would be the intake at I00 
per cent. efficiency. At 90 per cent., the 
intake would be 


11,185 — 0.9 = 12,427.8 


watts, or 12.43 kilowatts. 

Again a motor delivering 18 brake 
horsepower takes 15,200 watts from the 
line; what is its efficiency? Referring to 
the horsepower-watts table, 18 horse- 
power = 13,422 watts. The intake being 
15,200 watts, the efficiency is 


13,422 _ 199, 
15,200 


or 88.3 per cent. 

A generator is rated at goo kilowatts 
and the combined efficiency of the machine 
and its engine is 84 per cent.; what will 
be the indicated horsepower at full load? 

From the kilowatt-horsepower table, 
goo kilowatts — 1207 horsepower, and 
1207 + 0.84 = 1412.33 indicated horse- 
power. 

Again, a motor delivering 18 brake 
generator shows 957 indicated horsepower 
when the generator is delivering 585 kilo- 
watts; what is the combined efficiency of 
the outfit at that load? From the horse- 
power- watts table, 957 horsepower = 
713,590 watts or 713.59 kilowatts. The 
efficiency, therefore, is 


585 


= 0.8108, 
713-59 8 


or practically 82 per cent. In such a case, 
the division would be less tedious if 
the kilowatts were reduced to horsepower, 
because the divisor in the efficiency frac- 
tion will be 957 instead of 713.59. Thus: 


585 kilowatts = 784.6 horsepower, 
and 


784.6 
—— = 08198, 
957 8 


or 82 per cent. 





A 7-foot flywheel upon a Russell en- 
gine went to pieces the other day at the 
station of the Allegheny Valley Lighting 
Company, at Creighton, Penn., causing 
about $3000 worth of property damage, 
but no personal injuries. 





Correction 





In the article on “Some Useful Les- 
sons of Limewater,” last paragraph of the 
last column of page 692 of the April 13 
number, there was an error. Instead of 
stating: “If you should carry this ex- 
periment of the gas bag farther you could 
mix one volume of hydrogen with two 
volumes of oxygen,” etc., the volumes 
should be transposed, making it two of 
hydrogen and one of oxygen. 
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Catechism of Electricity 


1032. fs this generally 
siarting an induction motor? 


necessary im 


It is with all single-phase 
motors and with polyphase motors re- 
quired to start under considerable load. 
Small polyphase motors and large ones 
not required to start under load can be 
started by simply closing the main-line 
switch; in these, the simple “squirrel- 
cage’ form of rotor winding is sufficient. 
In the others it is necessary to modify the 
“squirrel-cage” type as explained in answer 
No. 863 to permit the use of a starting re- 
sistance. 


necessary 


1033. Explain the resemblance between 
the starting conditions of an induction 
motor and those of a shunt-wound direci- 
current motor when starting resistance 1s 
used. 


These types of motor behave very much 
alike. If the field and armature of a 
shunt-wound motor are both switched on 
the supply circuit at once, the armature, 
on account of its comparatively low re- 
sistance, takes a relatively large starting 
current and its magnetic reaction against 
the field cuts down the starting torque. 
The large starting current is, of course, 
lowered, and the torque is increased as 
soon as the armature speeds up, but if, 
as is customary, a resistance is inserted in 
the armature circuit at the time of start- 
ing the results are much more satisfac- 
tory. So in the case of an induction 
motor a resistance inserted in the rotor or 
armature circuit at the beginning enables 
the motor to receive its magnetizing cur- 
rent and start with a good high torque. 
As the motor speeds up, the starting re- 
sistance in the rotor or armature circuit 
is cut oti, as in the case of a shunt-wound 
motor. 


1034. How is the operation of the 
starting resistance made easy in many 
modern types of induction motor? 


By having the starting resistance 
mounted within the rotor. As the rotor 
speeds up after starting, a sliding collar 
on the shaft, actuated by means of a hand 
lever, cuts out the starting resistance and 
short-circuits the rotor circuit. 


1035. What other common 
starting device are used? 


forms of 


In some induction motors the starting 
resistance is separate from the machine 
and is introduced in the armature circuit 
through brushes pressing upon contact 
rings to which the rotor winding is con- 
nected. A multiple-pole double-throw ' 
switch is wired in this circuit and is closed 
in one direction to start and then thrown 
in the opposite direction after the arma- 
ture has reached its normal speed. This 








switch is usually marked “Starting” and 
“Running” to designate the two operating 
positions. The switch should not be 
thrown from the “starting” to the “run- 
ning” position until the armature has 
reached normal speed. 


There is also an “oil-immersed” type of 
starting device which comprises a hand- 
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. 
FIG, 287. ARRANGEMENT FOR STARTING A 
TWO-PHASE INDUCTION MOTOR AT 
LOW VOLTAGE 


wheel or lever controlling a revolving type 
of switch which makes the required con- 
nections in proper sequence. The various 
positions of the switch are shown by an 
index plate which indicates the “starting,” 
“running” and “stop” positions. The 
handwheel or lever of the switch should 
be moved slowly from the “starting” to 
the “running” position to allow the arma- 
ture gradually to reach normal speed 
without an excessive rush of current 
through the machine. The switch should 
always be left either on the “running” or 
the “stop” position. 


1036. Js any special arrangement neces- 
sary for starting an induction motor on a 
lower voltage than the normal voltage? 


Step-down transformers are used for 
this purpose. For a two-phase motor they 
are connected as shown in Fig. 287. In 
starting, the four-pole switch d is closed 
to the right-hand contacts, which intro- 
duces the two step-down transformers at 
m in circuit. When the motor ¢ is up to 


speed, the switch d is closed to the left- 
hand contacts. 


This cuts out the step- 









voltage directly to the motor. 


1037. How should the step-down trans- 
formers be connected for starting a three- 
phase motor? 

It is advisable to use three transformers 
connected in “delta” through a three-pole 
switch, as represented in Fig. 288. As in 
the previous case d represents the switch, 
m the transformers and c the motor. If 
one transformer breaks down, it may be 
cut entirely out of circuit and the motor 
may be operated at a reduced load on the 
remaining two while the injured one is 
being repaired. In this case, the voltage 
of each transformer should be the same as 
the voltage from wire to wire of the line. 

It is possible to install only two trans- 
formers to carry the full load of the 
motor, but in this case the capacity cof 
each transformer must be 173 per cent. of 
the capacity of each of the three trans- 
formers when three are used; hence no 
great saving, if any, in first cost, and the 
certainty of a complete shutdown if one 
transformer breaks down. 


1038. What should be the capacity of 
the step-down transformers with respect 
to that ef the induction motor? 

The total capacity of the transformers, 
in kilowatts, should equal the horsepower 
capacity of the motor. 


Three- Phase 
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FIG. 288. ARRANGEMENT FOR STARTING A 
THREE-PHASE INDUCTION MOTOR AT 


LOW VOLTAGE 


1039. When is the resistance method 
of starting induction motors preferred to 
the low-voltage method? 


For work where a very large starting 
torque is required, as in elevator or hoist- 
ing work, the resistance method is always 
used. In factories where the motor starts 


POWER AND THE ENGINEER. 


down transformers and applies the line 
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only the shafting and the load comes on 
subsequently, the low-voltage method is 
satisfactory. 


1040. Is there any other method of 
starting an induction motor with a good 
torque? 

Yes, by lowering the frequency of the 
applied current; because with a reduced 
frequency there is not as great a slip at 
low speeds. This method is not as com- 
mon as the other two because it is not 
possible to reduce the frequency received 
from the line. It can be employed, how- 
ever, when two induction motors are used. 





Polytechnic Institute Student Sec- 
tion of the A. S. M. E. 





The Polytechnic Institute student sec- 
tion of the American’ Association of 
Mechanical Engineers held a_ regular 
monthly meeting in the Institute chapel 
Saturday evening, April 3. After the 
transaction of regular business, Prof. Wil- 
liam D. Ennis, head of the mechanical- 
engineering department, introduced the 
speaker of the evening, Harrington Emer- 
son, who talked on “Efficiency.” He ex- 
plained the wage systems in use in differ 
ent shops and the results obtained. The 
main thing in an engineer’s work, he said, 
is the ability to size up a new problem and 
apply old methods to its solution. Then 
he went on to say that efficiency is a 
moral, rather than an engineering ques- 
tion; its basis is that of the square deal; 
unless that principle prevails it is impos 
sible to obtain high efficiency in any di- 
rection. Mr. Emerson gave as apropos 
a quotation from Ruskin: “Every man 
his chance, every man his certainty; cer- 
tainty that if he does well he will be hon- 
ored and advanced, and equal certainty 
that if he does ill, he will be judged and 
corrected, for the only thing of conse 
quence is what we do.” He ended by 
illustrating on the blackboard the rela- 
tions between cost and profit as varied by 
efficiency. 

Mr. Emerson was asked: “What is the 
practical result, in amount of wages re- 
ceived, of working under the ordinary 
piece-work system and under the bonus 
or efficiency system?” He replied that 
“it is always difficult to turn from piece 
work to bonus. In one plant I know of 
they put in the bonus system and paid for 
a certain piece of work $6. In another 
plant, using the piece-work system, a man 
did the same work at a cost of $12 to the 
company. In the latter shop they found 
by a time test that the man in question 
was earning $4.25 per day. They decided 
to abolish the piece-work system, give him 
$4.25 per day and a chance to make 4 
bonus. The result was that he made a 
20 per cent. bonus and cost his employers 
less than the $6 man mentioned.” 
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Practical Letters 
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“J 
ot 


from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


A Peculiar Synchronizing Trouble 





The accompanying sketch shows the 
connections of a rotary-converter installa- 
tion which, under certain conditions, de- 
velops a peculiar state of affairs. In the 
actual installation there are three con- 
verters, but only two are shown in the 
sketch. The alternating-current voltage is 


Differential Voltmeter 





time the voltmeter will register zero, due 
to the impulses in the two coils of the 


voltmeter being equal and opposite. It is 
understood that both machines are in 
operation when the two plugs are in- 


serted. 

If a single-fused plug is placed in the 
proper position at C, the busbar voltage 
will be read. If the plug at C is reversed 
and a plug inserted at A or B the terminal 
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CONNECTION OF ROTARY-CONVERTER INSTALLATION 


400 and the reactance coils (not shown) 
are between the converters and the alter- 
nating-current supply circuit. 

There are voltmeter receptacles for con- 
necting the differential voltmeter across 
the direct-current busbars or across the 
terminals of either machine. This volt- 
meter has a double scale, with the zero 
point in the center. If a double-fused 
plug is inserted at C the busbar voltage 
Will be read, the indicator going over the 
right-hand scale. If a double-fused plug 
is inserted at 4, or B and C at the same 


voltage will be registered on the scale 
opposite to the one which registered the 
busbar voltage. This last method is the 
one used, so the voltage of the incoming 
rotary may be read directly. 

Let us suppose that Nos. 1 and 3 
machines (the latter not shown) are oper- 
ating, and No. 2 is to be brought to 
synchronism and connected to the alter- 
nating-current supply circuit. The volt- 
meter plugs are at A and C. If but one 
of the plug switches in the synchronizing 
lamp circuit is closed, the lamps on one 


IDEAS 


side will blink, burning extremely bright 
when they come up. If plug A is re- 
moved there will be no synchronizing cir- 
cuit until the second plug switch is 
closed, after which the lamps will behave 
in the usual manner because they will be 
operating under normal conditions. 

With plug 4 in place and with one or 
both plug switches closed, the lamps will 
blink as though indicating synchronism, 
but will burn with dazzling brilliance 
when at their brightest, showing the 
lamps to be burning above their normal 
voltage. 

In synchronizing it is the practice to 
remove plug A before connecting the ma- 
chine to the alternating-current circuit, 
but in one instance plug C was removed 
instead, and when the machine 
“thrown in” a display of fireworks 
sulted, plug A burned 


was 
re 
the 
switchboard blackened for a space of 12 
the 
chines 1 and 3 burned at the commutator 
from the flashover. 

Why do the lamps on one side burn 
with but one synchronizing plug switch 
Why do they “blink” under this 
condition, and why did plug A burn when 
the machine was connected to the alter- 
nating-current circuit ? 


being up, 


inches around receptacle and ma 


closed? 


C. L. Greer. 
Handley, Texas. 





What Will Happen if the Belt 
Breaks? 


Our plant consists of two 150-kilowatt 


alternating-current and two 9-kilowatt 
direct-current generators. The alterna- 
tors are direct-connected to two 225- 


horsepower Fleming four-valve engines 
and are arranged for parallel operation. 
The exciters are driven by belts from 
pulleys on the ends of the engine shaft 
and are not arranged for parallel opera- 
tion; that each alternator drives 
own exciter. 

Suppose I have the alternating-current 
machines in parallel, coupled through non- 
auto switches, and one of the belts were 
to break or slip off, what effect would it 
have on the alternating-current generator 
whose field was broken while it is still 
coupled to the other machine through the 
main generator switch? 


is, its 


H. B. Apcocx. 


Newnan, Ga. 





Blowoff Valves 


I have had splendid success with wedge 
gate valves, as the wedges can be taken 
out and ground true with a piece of oiled 
sandpaper placed on a perfectly flat sur- 
face. 

My rule is to have two valves and 
always to open the outside valve first and 
close it last, using the inside valves to 
cut off the pressure. In this way the 
outside valve is blown free from scale 
and can seat firmly. 

Lewis L. SCHEIDERER. 

Marysville, O. 





Probable Cause of Air Compressor 
Explosions 


I can hardly agree with Frank Rich- 
ards in his criticism of F. W. Holman’s 
letter on “Probable Cause of Air Com- 
pressor Explosions.” I think Mr. Hol- 
man is nearly right in assigning leaky dis- 
charge valves as a possible cause. Every- 
body knows that when a volume of air 
is forced through a passage it generates 
heat, and there is no other place about an 
air-compressor plant that generates more 
heat than where the air passes through 
the discharge valves. 

Leaky discharge valves and lack of suffi- 
cient radiation will undoubtedly cause the 
air to reach an abnormally high tempera- 
ture in a very short time. 

I think Mr. Richards is wrong when he 
says: “This air which has leaked back 
becomes an inseparable part of the cylin- 
derful, and when the mass is compressed 
and discharged it is carried along to- 
gether, and no portion of it can be iso- 
lated, and worked back and forth, as as- 
sumed, to have its temperature cumula- 
tively augmented.” 

As Mr. Richards does not state whether 
the compressor has mechanically driven 
intake valves, I assume it has not. No air 
will pass into the cylinder until the pres- 
sure has equalized and fallen below 
atmospheric pressure. If on account of 
leaky discharge valves the intake, or suc- 
tion, valve on that end does not lift, is it 
not an evident fact that as the piston 
moves back and forth there is a continual 
displacement, or churning of air going on? 
One way a leaky discharge valve can be 
detected is by the abnormally high tem- 
perature on the leaky end. 

If the compressor has a Corliss, or any 
kind of driven intake valve, it would be 
impossible to maintain, or even raise, any 
pressure in the system, for while the in- 
take valve would be open to receive air, 
the discharge valve remaining open at 
the same time, the air would have a free 
passage to the atmosphere. 

Mr. Richards is undoubtedly right in 
stating that oil will burn bodily in the 
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pipes and system, and that this combus- 
tion is frequently going on without our 
knowledge. 

One main fault which should be over- 
come is the tendency of operators hav- 
ing charge of air compressors to place too 
much oil in the air cylinder. An air 
cylinder needs some lubrication, but if 
only enough oil were admitted properly 
to lubricate it, I am sure we would never 
hear of explosions. It is surprising what 
a small amount of oil is actually required 
in an air cylinder and what a large 
amount is frequently used. Oil entering 
an air cylinder does not become atomized 
and held in suspension, neither is it 
washed away by cylinder condensation; 
but it remains on the cylinder walls until 
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A Gasket Repair Job 


I was once employed in a plant where 
it was necessary to replace the ell at 4 
(see illustration) in a 16-inch header, 
with a tee to receive the exhaust from 
a new engine. The plant had to run 
night and day and could not be shut 
down while we made the change. 

The valve J leading to the heating 
system was closed and the exhaust from 
the engines turned to the atmosphere 
through the atmospheric valve H. We 
procured a piece of 1/16-inch sheet iron 
and cut a disk F of the same diameter 
as the flange at the joint J. 

Holes % inch in diameter were drilled 















































A GASKET REPAIR 


worn away. It acts as a lubricant the 
same as engine oil on the guides of an 
engine; but only a good quality of pure 
mineral oil of a high fire test, say 600 
degrees Fahrenheit, should be used. This 
warning is, of course, needless to nearly 
everyone who has charge of compressors. 

Graphite has of late thoroughly proved 
itself an ideal lubricant for air cylin- 
ders. I gave one of the compressors in 
the plant I have charge of a thorough test 
with graphite, using only a very small 
amount of oil, merely to hold the graphite 
together until it reached the cylinder. 
This machine is used to furnish air to lift 
water out of driven wells, and during a 
recent dry spell it was run from the mid- 
dle of April until the first of October, 
twenty-four hours per day, and was never 
stopped, except to adjust wearing parts, 
repack, etc. The cylinder head was taken 
off several times and its condition noted, 
and at the end of the season the cylinder 
walls had attained a deep, black polish, 
with a coating that absolutely resists any 
wear. But graphite, as oil, must be used 
sparingly, and the longer it is used the 
less must be used, as very little of it passes 
beyond the cylinder, but remains and 
forms an almost nonwearing coating. 

W. E. Turner. 
Wilmington, Ohio. 
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in the disk to coincide with the holes 
in the flange, and a rubber gasket was 
glued to one side of it. The other side 
of the gasket was painted with oil and 
graphite to keep it from sticking to the 
flange J. 

The joint A was broken and sprung 
apart a little. The gasket, being of cop- 
per, dropped out and the disk F was put 
in with the gasket next to the flange /. 
The disk was then bolted to the flange 
with small bolts, the heads of which were 
small enough to pass through the holes 
in the flange of the ell A, and washers 
were used under the nuts on the other 
end. The joint K was broken and the 
ell taken out. The tee B was put in 
place and the joints K and L made up 
tight. The small bolts holding the disk 
were then removed and the disk and 
gasket pushed out. The tee, having had 
a gasket glued to its flange M was 
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sprung against the flange J, the bolts put 
in and drawn up and the job was 
complete. 
Ray L. RAyBurn. 
Decatur, II. 





Keeping Plant Records 


Having noticed, from time to time, the 
methods used by different engineers in 
keeping plant records, I submit our sys- 
tem. Hourly readings are taken of the 
load in amperes and marked in the space 
for the generator or generators that are 
running; also, the boiler pressures in the 
same way, checked up with a recording 
steam gage. The time of starting and 
stopping and length of run of each en- 
gine are recorded, and the time boilers are 
cut in or out and the fires are cleaned. 
The temperature of the feed water before 
and after passing through the rubbish 
furnace is also recorded. 

This furnace is used for burning waste 
paper, straw and wood collected dur- 
ing the day. The feed water, as it goes to 
the boiler, is pumped through two coils, 
one used as a grate and the other over the 
fire. By this arrangement the feed water 
is brought up to 260 degrees or over. Ex- 
haust steam is used on the heating sys- 
tem, and space is provided for recording 
the back pressure on this system. 

We have no way of weighing our coal 
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which is read at the beginning and end 
of a run. With the meter readings, the 
temperature of the feed water and the 
weight of the coal by measure, and the 
amount of water evaporated per pound of 
coal can be figured, thus giving an ap- 
proximate test on the boilers every day. 
Another meter is provided for any new 
water that is used for boiler feed, which 
in the winter months amounts to very lit- 
tle, as the returns from the heating system 
are used over. On the opposite side of 
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in comparing one month with another, as 
to cloudiness, which would account for a 
heavier or lighter load; also, the tem- 
perature, which would account for more 
steam for heating purposes. 

Ashes are recorded by the cans, and 
are removed at a fixed cost per can. At 
the end of each month a typewritten re- 
port is made out as to the amount of coal 
on hand the first of the month, the amount 
received, the amount used and the balance. 

The amount of water used for the 


BUTLER BROTHERS 


LIGHT AND POWER DAILY REPORT 


DAY OF WEEK 





TIME A. M, 


1) 2)3)4),5)6)7)|8) 9 \10\17\12)7 


CUrIN FIRES CLEANED CUT OUT 


“ “ 


“ “ 


27)/3)4/5/6/7/8 


CUT IN 





DATE 





TIME P. M, Snnatet 


9 |\10\11\12 


FIRES CLEANED 


CUT OUT 
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SUPPLIES LABOR OUTPUT 
Article Kina Amount Price Cost Position Meter K.W.H. 

Coal Tons Chief Engineer No. 1 

Water Cu.Ft Engineer No, 2 

Cylinder Qts. Fireman No, 3 

Oils Engine Qts. Oiler No. 4 

Grease Lbs, Laborers No. 5 

Waste Lbs, Electrician No. 6 

Packing Lbs, Mechanic No. 7 

Cartii 
Ashes 
Total Total Total 
Cost RECEIVE FRO 
R.8.CO. NET COST B.B, K.W.H. for Light B.B. 

Fixed Charges) THE WEATHER REPORT REMARKS K.W.H. for Power B B, 
Total Cost K. W.H. Total B.B, 
Cost Coal 
| for Heating K,W.H. for Light B.S, 
Lbs. Coal 

per K.W.H. K.W.H. for Power B.S. 

K. W.H. Total B.S. 
a Cost per K, W.H. without fixed charges 
° Cost per K,W.H. with fixed charges 
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at present, but coal is measured in a box 


holding 20 cubic feet. 


This box has no 


the card are recorded the cost and output 
Wattmeters are read at the 


for the day. 


Power, N.¥. 


bottom, is placed on the boiler-room floor 
and filled even with the top. Then it is 
lifted, leaving the coal in front of the 
boiler. The number of boxes used dur- 
mg a run is recorded, also the number 
used between runs. Coal is weighed once 
a week in a box holding just 1 cubic foot, 
to check up the weight of the different 
lots of coal. 

All feed: water passes through a meter 


end of a run; the cost of supply and labor 
for the day are kept, and fixed charges, 
such as depreciation, insurance, rent of 
space occupied by plant, interest on in- 
vestment, etc., are added. With the out- 
put and cost with and without fixed 
charges the cost per kilowatt-hour is 
easily ascertained. 

The weather report is pasted in: its 
space. This has been found very useful 


month as per meter for new water, the 
output for each recording wattmeter, the 
number of hours each engine has run and 
the number of hours each boiler was un- 
der steam are recorded. 

The temperature of the feed water be- 
fore and after entering the rubbish fur- 
nace, ‘showing the gain in degrees and 
allowing 10 degrees for 1 per cent. savihg 
in coal, and the percentage of coal'isaved 
by using rubbish furnace are followed by 
the cost of coal, water, labor, oil, greasé, 
waste, packing, repairs, etc., to which are 
added the fixed charges. From this ‘is 
figured the cost per kilowatt-hour, with 
and without fixed charges for the month. 

During the winter the number of hours 
the heating system was on and the aver- 
age pressure are recorded. A monthly re- 
port of the weather is attached to ‘the 
report. 

This system has been found very use- 
ful in comparing the cost of running the 
plant from month to month or year to 
year, and several improvements and 
changes have been made as the result of 
these records, which have reduced the cost 
of operation and cost per kilowatt-hour 
considerably. 

Cuartes W. GELL. 

Jersey City, N. J. 





The accompanying record is a copy of 
that of January 1, 1909, and I fill in a 
blank like this every day. I do not ex- 
pect it to be as accurate as if I had re- 
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cording instruments, but it is accurate 
enough for me, and it is very little trou- 
ble for one of the men to fill in the re- 
ports every hour. Each day I strike an 
average and put the results in a book, 
and at the end of the month I do the same 


tremes, is very nearly correct. 
ing the elements of design of the various 
parts, closeness of adjustment, smooth 
popping and closing action and rate of dis- 
charge, a properly constructed valve will 
work better at a certain lift than at any 
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Consider- 


again; thus I can look back to any month other. High-lift valves are certainly no 
and know just what was done, and can improvement nor are they necessary for 
tell very.closely the number of kilowatts general purposes. If they were, the 


generated and the number of hours each 
machine has run, how much ice it has 








standard designs could be very easily 
altered with but little expense and manu- 
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safety appliance as extensively used as a 
pop safety valve would have been most 
minutely tested by both the United States 
Government and insurance interests be- 
fore approving for general use. 


As the writer understands it, the 


primary function of any safety valve is to 
open at a predetermined pressure and to 
have a relieving capacity sufficient to han- 
dle the maximum amount of steam that 
the boiler to which 


it is attached can 














ROYAL PALACE HOTEL 





CHIEF ENGINEER’S REPORT 





JANUARY 1, 1909. 

















No. 2 dynamo 
Ice machine 











LOS ee 50} 50} 50) 50) 50) 50) 50; 50) 60) 60) 60) .60)| 60; 60) 60) 60) 50) 50 60 
Head pressure............ 170) 170) 170) 170) 150) 170) 165) 175) 160) 160] 155) 170)| 165) 155) 160] 155) 155) 145 180 
eck PROBSUTO............ 18} 18) 18) 18) 16) 16) 17) 15) 18) 18) 18) 17 18} 17; #15) 15) 15) 15 | 21 
| i. Soe 16} 15) 14, #13) 12) 11) 11} 11 8 8} 10} 10)| 10} 10; 10) 10; 10) 10) 12) 15) #17] #18) #19) 20 
Salt water temp........... 200} 200} 200) 200) 200} 200) 200) 200) 190) 195) 200} 180|| 200; 208) 210) 208) 206) 200} 200) 206) 200) 200) 200) 200 
Fresh water temp......... 210} 210) 210) 208) 206) 208) 200) 200) 200) 210) 208) 210]| 210] 200] 200) 210) 210) 210) 208) 206) 206} 208) 200) 200 
Feed water temp.......... 190} 192) 194) 190) 180} 186) 200} 200) 200} 208] 200) 200)| 200) 196) 196} 200] 190) 200) 190) 196) 200) 200; 190} 190 










































































Ice pulled, 30 100-pound cakes. 





Ammonia oil, 4 gallon. 





REMARKS: 














made, also the supplies used. I weigh 
all coal as it is brought to the boiler 
room, and also keep an expense sheet 
showing the cost and time of purchase of 
all supplies, and where used. 
Wiiiam A. Harbin. 
Atlantic City, N. J. 





Safety Valves 





Regarding the recent discussion of this 
subject before the American Society of 
Mechanical Engineers, in my opinion the 
proposed rule for areas of safety valves 
should include a term for a fixed lift 
rather than a variable one, for the rea- 
son that with the latter would result a 
hopeless confusion of safety-valve open- 
ings in boilers of the same size. Thus, 
under Mr. Darling’s rule a boiler of a cer- 
tain size might be provided with a safety- 
valve connection varying from 2% to 4 
inches in diameter, depending upon the 
make of valve specified. It would be far 
more convenient and _ satisfactory to 
standardize the safety-valve connections 
so that any valve, having the capacity re- 
quired, could be used. To do this it would 
be necessary that the valves themselves be 
standardized within certain set limits and 
this could be done only by a body of dis- 
interested and capable engineers, properly 
authorized to investigate the subject from 
a universal standpoint. 

What is the proper lift is a more or 
less debatable question, but it is reasonable 
to suppose that the average practice of the 
leading, reliable manufacturers, disre- 

garding the minimum and maximum ex- 





facturers would not be slow in making 
the necessary changes. 

If the lift is too high the seats and 
spring bearings are subject to a severe 
pounding action; there is more danger of 
chattering; close adjustment is not pos- 
sible; there is danger of lifting of water 
and the boiler seams are sometimes 
strained to the opening point. 

On the other hand, with a correctly de- 
signed valve having a reasonable lift the 
wearing effects and the dangers are re- 
duced to a minimum; it is capable of very 
close and accurate adjustment and _ its 
action is smooth and reliable. 

Having determined what is the proper 
lift, it becomes a very simple matter to 
formulate the rule governing safety-valve 
discharge areas or seat-opening diameters. 
The only thing remaining would then be 
to determine what variation there should 
be in valve sizes to suit various pressures. 

JerRoME J. AULL. 

Cincinnati, O. 

In connection with some special work, 
it was desirable to have reasonably ac- 
curate data on the relieving capacities of 
pop safety valves of various sizes. Kent’s 
“Pocketbook” was naturally turned to, 
but the 1900 edition had few accurate 
data. Next, publications emanating from 

well known insurance companies were 
examined, and again the data were incom- 
plete. Finally, the rules and regulations 
of the United States Board of Supervis- 
ing Inspectors were searched, and as 
usual nothing was found but generalities 
and a long list of approved makes of pop 
safety valve. This was discouraging, as 
it would naturally be assumed that a 





generate. The promptness with which 
these functions are performed is a meas- 
ure of its value as a safety appliance. The 
durability of the valve in service is a 
matter of proper mechanical design and 
the use of the best materials and work- 
manship. 

That the pop safety valve has not long 
since been thoroughly investigated is sur- 
prising, especially when the large amounts 
of time and money expended in researches 
having no other possibilities than small 
gains in operating economy are consid- 
ered. Economy merits much attention, 
but should not safety receive equal con- 
sideration? Upon what proper data do 
the United States Board of Supervising 
Inspectors and the boiler-insurance com- 
panies approve of such a long list of pop 
safety valves? A careful examination of 
the construction of the various types 
shows that there must be wide differences 
in their relieving capacities, size for size, 
and yet the most diligent search of the 
United States rules did not show any 
suggestion that the officially approved 
valves were widely different in this re- 
spect. 

In an official publication like the United 
States rules, the reader naturally assumes 
that approval, without qualification or 
specific classification, indicates that the 
approved fittings are of equal reliability 
and of substantially similar merit. That 
such is not the case will be evident to 
any experienced engineer examining the 
various constructions. 

It would therefore seem that it is in- 
cumbent on the Government and the in- 
surance companies (since approval by 
these authorities is almost mandatory) 
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either to make or to have made by compe- 
tent engineers complete qualitative and 
quantitative tests on all approved pop 
safety valves, and to insist that all new 
designs shall be similarly tested before 
approval. Quantitative tests should be 
made at specified standard pressures to 
show the relieving capacity in pounds of 
steam per hour which a particular valve 
will have at the specified pressures. The 
tests must be sufficiently comprehensive 
to determine the relation between the re- 
lieving capacity and pressure for each 
standard size of the approved types, and 
the experimental results could be set out 
in empirical formulas applying to each 
make of valve. 

For such formulas the basis is clearly 
indicated in Kent’s “Pocketbook” and in- 
volves the circumference of the opening, 
the form of the discharge passages, reac- 
tion, and other constants peculiar to each 
design. The diagram of relieving capaci- 
ties at various pressures should consist 
practically of a series of straight lines 
having their origin at the zero of absolute 
pressure. The main experimental work 
would consist of actual determinations of 
the relieving capacities at 100, 150 and 200 
pounds, and interpolating gor intermediate 
pressures. 
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United States Government andthe insur- 
ance companies. 
G. E. WENDLE. 
Williamsport, Penn. 


Knock in an Engine 








In reply to J. W. Bryant regarding the 
knock in his engine, I had the same ex- 
perience and found that the trouble was 
in the bull ring, which had about 1/32 
inch play. I turned off the follower head 
to a better fit and the knock was gone. 

G. W. Grsson. 

Marietta, Ga. 





A Steam Saver 





In one of the plants in which I was 
engineer, several heating coils were con- 
nected to the high-pressure steam line and 
located in such position that it was impos- 
sible to connect them to the return line. 
They were, therefore, allowed to drip 
outside. 

It was decided to make several “steam 
savers,” in the following manner, the ex- 
pansion and contraction of our iron pipe 
being the principle involved in the opera- 
tion: 
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A “STEAM SAVER” 


In order that the users of pop safety 
valves, as well as the insurers and in- 
spectors, shall profit by these researches, 
it could be made obligatory on the part 
of every manufacturer of pop safety 
valves permanently to stamp on every 
valve the relieving capacity at some 
standard pressure or at the pressure for 
which it is set. This would place the 
user in position to specify the relieving 
capacity at a particular pressure and select 
his valves on a basis of mechanical de- 
sign and construction. 

At present, it is apparently the practice 
of boiler manufacturers to make term con- 
tracts for safety valves with some manu- 
facturer of approved reputation. With 
the generality of manufacturers, this means 
that strictly commercial considerations 
determine the make of valve to be fur- 
nished on the boiler contracts. and unless 
the purchaser very carefully specifies and 
vigorously insists on the highest quality 
of valves, an approved valve of inferior 
grade is supplied. 

In view of the commercialism which 
largely rules, this subject should be taken 
up and aggressively handled by the great 
arbiters of safety appliances, namely, the 





FOR HEATING COILS 


The two castings A and B (see sketch) 
are held at a fixed distance apart by the 
two 34-inch rods CC, which are about 5 
feet long and about 8 inches apart. Be- 
tween these rods is a piece of common 
iron pipe D, threaded and screwed tight 
into the casting A. The other end is 
turned smooth and is a loose fit in the 
block B, the end being seated at an angle 
of 45 degrees. 

The block B is drilled and threaded to 
receive the brass plug E, tapped for the 
valve stem F, which adjusts the valve V 
to the seat G and is ground to a good fit. 
A hole at H connecting with the chamber 
J is threaded for a %-inch pipe to carry 
away the discharge from the trap. The 
heater is connected at J and is set with 
the valve end a little lower than the other 
end. 

To put in operation, screw the valve 
away from the seat and let steam blow 
through until the pipe is hot, then set up 
on the valve until seated ; then fasten with 
the locknut. When the pipe gets full of 
condensed steam it will contract enough 
to’open the valve and let the water out, 
but as soon as it begins to warm up it 
will expand and check the flow. 
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The valve and seat can be examined 
without disturbing the adjustment by tak- 
ing out the plug E, and when once set the 
valve will not need any attention for a 
long time. 


J. C. Hawkins. 
Elyria, O. 





Boiler as a Water Supply Tank 


Under the above heading recently, A. 
J. Dixon describes a water system de- 
signed for a hotel plant by an inexperi- 
enced technical graduate. _That he is in- 
experienced can easily be seen, and that 
he is wofully shy on technical knowledge 
is also. manifest. 

A much more economical plan would 
be to place an open tank in the attic, if 
possible, to be supplied by the house 
pumps. The water level in the tank could 
be kept nearly constant by a float operat- 
ing a cutout switch at the pump motor. 
By this plan a much more uniform pres- 
suré would be maintained on the house 
service, and unless the building were a 
high one the head would be much less 
than 80 pounds. If the water supply from 
the pumps were shut off for some time 
the water in the tank would continue the 
supply for some time, which could not be 
done with a pressure tank. 

NorMAN CAMPBELL. 

Detroit, Mich. 


Compound Engines 


In a recent contribution C. E. Bas- 
com says I produced indicator dia- 
grams to prove that a compound engine 
develops twice the horsepower that a sim- 
ple engine does. I may have a wrong 
idea of compound engines, but neither 
Mr. Bascom nor anyone else has proved 
otherwise. 

Mr. Bascom says that the data I fur- 
nished only showed that I had the work 
nearly equally divided between the high- 
and low-pressure cylinders. That is true, 
but suppose those diagrams show, say, 100 
horsepower in the high-pressure cylinder 
and 100 horsepower, or nearly so, in the 
low-pressure cylinder; we have a 200- 
horsepower engine, do we not? Suppose 
we remove the low-pressure cylinder, do 
we still have a 200-horsepower engine? 

It is certainly cheaper to build a 200- 
horsepower simple engine than a _ 150- 
horsepower compound, but if a compound 
can be made to do twice the work of a 
simple engine is it not more economical 
than a simple engine whether running 
condensing or noncondensing? 

I have learned that in order to increase 
the power of an engine one should either 
raise the boiler pressure, speed the eri- 
gine up, enlarge the cylinder, or compound 
by adding a low-pressure cylinder. 

G. W. Harornce. 








Lexington, Neb. 
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§ Follower: Plate and Bolts Broke 





When our 20x36-inch Corliss compound 
engine was started one morning there was 
an. unusual click in the high-pressure 
cylinder. We did not shut down, how- 
ever, but on the morning of the third day 
the click was more noticeable than ever. 
About! 10 o’elock it knocked so. hard that 
we shut down and taking the cylinder 
head off, found that the follower bolt had 
broken off and dropped down into the ex- 
haust- valve port. The valve bracket was 
broken and the valve stem twisted about 
half a turn. The bracket was patched 
and the valve stem turned up and re- 
placed. 

. The engine ran well for a week, when 
one day, as the chief was shutting down, 
another bolt broke. Taking off the cover 
we found that the follower plate and one 
bolt were broken, the piston rod bent and 
the cylinder out of true. 

Repairs were made, but we never found 
out, what broke the bolts and follower 
plate. 

: F. L. Fercuson. 

“Adams, Mass. 





Puzzling Transformer Action 





In reply to E. L. Mason’s “Puzzling 
Transformer Action” in a recent num- 
ber, I think the iron in the trans- 
former must be working at alow value, 
and when the switch is in the down or 
bucking position the transformer works 
in a reverse condition; that is, the secon-- 
dary | or series winding produces enough 
flux to induce a_higher voltage in the 
primary winding of transformer C than is 
upon the terminals of the constant-current 
transformer A, thereby raising the line 
voltage as stated. 

_By having the primary connected on the 
load side of the line as shown in the dia- 
gram, I should think there was enough 
phase | displacement between primary and 
secondary to disturb the operating of the 
line. I advise Mr. Mason to try the pri- 
mary, connected to the power or left-hand 
side shown in his diagram of connections. 

poor ie L. EarLe Brown. 
Ensley, Ala. 





‘T think Mr. Mason has not considered 
the choking action of the secondary wind- 
ing of his potential transformer when the 
switch at D is open. 

I believe his transformer “bucks” all 
aight, but it, “bucks” more when one wind- 
ing is open. If he provides a switch for 
cutting out the other winding of the trans- 
former C when the switch at D is open, 
the wil] get the results he is after. 

F. W. CERNey. 

Mesa, | Aniz. 


' 





T should say that the only thing wrong 
with the cannection is that the primary of 
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the boosting transformer is connected to 
the boosted side of the line. 

This should not be, as the voltage sup- 
plied to the primary has no stability only 
under certain conditions. I would advise 
that the primary of the booster trans- 
former be connected to the line between 
the load transformer and the coil which 
is in series with the line. Then the volt- 
age supplied to the primary will be prac- 
tically constant and will not be affected 
by the lowering or raising of the voltage. 
Under this condition the results desired 
can be obtained. 

James E. _Kiroy. 

Lincoln Place, Penn. 





Safety Cams 





The writer has seen a number of en- 
gines on which the steel toe B (see 
sketch) had become worn down as shown. 
In one instance the engineer shortened 
the regulator rod to get the desired trip 
by bringing down the steel C nearer to B, 
but throwing the safety trip D out of its 
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reach. In case the regulator stop is out 
and the belt should break under such con- 
ditions, away goes the engine at full 
stroke. 

This was once the case in my present 
plant. To demonstrate the fact, I left the 
stop out when shutting down one day, 
with neither steam valve unhooked. 

There is also another way of throwing 
the back trip D out of place. In the 
erecting shop the engine valves are set, 
and wristplate marked, showing the throw 
of the eccentric. Then the wristplate is 
set on its center mark and, according to 
the diameter of the cylinder, is given the 
desired lap, which places the eccentric 
about 135 degrees ahead of the crank 
when on its dead center. This setting will 
give a square corner at the closure, and a 
very late opening for the exhaust. 

The engineer will want compression, 
and the more he rolfs the eccentric ahead 
the more lap he gives the steam valves 
and the more he throws the safety trip D 
back, making it impossible to unhook 
should the belt break. 

Joun Tryon. 
Lynchburg, Va. 
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Boiler and Furnace Construction 





Those who have made boiler making a 
separate branch of manufacture have 
given too much attention to mere relative 
proportions. One maker places reliance 
on enlarged grate surface, another on 
large heating surface, while another de- 
mands boiler room enough without, how- 
ever, explaining what that means. 

Among modern treatises on boiler con- 
struction this principle of room enough 
seems to have absorbed all other con- 
siderations and the requisites in general 
terms are summed up as sufficient amount 
of heating surface, sufficient steam room, 
sufficient air space between grate bars, 


- sufficient area in tubes and flues and suffi- 


cient large grate surface; or, in simple 
terms, this amounts to saying: “Give 
sufficient size to all parts and you will 
not be deficient in any.” With reference 
to the several parts of a furnace, there are 
two points requiring attention, namely, 
the superficial area of the grate for re- 
taining the fuel, and the sectional area 
of the chamber above the fuel for receiv- 
ing the gaseous portion of the coal. 

As to the area of grate bars, seeing 
that a solid is laid on them requiring no 
more space than it actually covers at a 
given depth, it is important that the area 
be not too large. As to the area of the 
chamber above the coal, seeing it is occu- 
pied by a gaseous body requiring “room 
for its rapidly enlarging volume, it is im- 
portant that it is not too,4mall. 


- + As to the area of grate bars, seeing 


grate, this will be easy to adjust, as a 
little observation will soon enable the 
engineer to determine the extent to which 
he may increase or diminish the length 
or width of the furnace. In this respect 
the great object consists in confining the 
length within such limits that at all times 
it will be uniformly covered. This’ is the 
absolute and only way to get economy 
and efficiency, yet it is the very condi- 
tion which in practice is most neglected. 
Indeed, the failure and uncertainty which 
has attended most anxiously conducted 
experiments has most frequently arisen 
from neglect of this one condition. If 
the grate bars are not properly covered 
the air will enter in irregular currents 
through the uncovered parts. Such a state 
at once bids defiance to all regulation or 
contrel. 

Now, on the control of the supply of a:r 
depends all that human skill can do in 
effecting perfect combustion and _ econ- 
omy, and until the supply of fuel and the 
quantity on the grates are regulated it 
will be impossible to control the admis- 
sion of air. In most boilers the furnace 
area is invariably made too shallow. The 
proportions allowed are indeed so limited 
as to give it rather the character of a 
large flue or tube, whose only function is 
to allow the combustible gases to pass 
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through it, rather than that of a chamber 
in which a series of consecutive chemical 
processes are to be conducted. Such fur- 
naces, by their diminished areas also have 
the injurious tendency that they increase 
the already too great rapidity of the cur- 
rent through them. 

Constructing the furnace chamber so 
shallow and with such small capacity 
appears to have arisen from the idea 
that the nearer the body to be heated was 
brought to the firebed the greater quan- 
tity of heat would be imparted. This is, 
no doubt, true when we present a body to 
be heated in front of a fire. ‘When, how- 
ever, the approach of the colder body will 
have the direct effect of interfering with 
the process of nature, as in gaSeous’ com- 
bustion, absolute contact with flame should 
te avoided. where the object is to obtain 
all the heat which would be produced by 
the combustion of the entire constituents 
of the fuel. So much, however, has the 
supposed value of the near approach and 
even impact prevailed that. the space be- 
hind the bridgewall is frequently made 
but a few inches deep and called the flame 
‘bed. Broader views have shown that it 
should be made capacious and the impact 
of the flame avoided. In general, it may 
be stated that the depth between the top 
of the grate bars and the shell of the 
‘boiler should not be less-than 30 inches 
where the grates are 4 feet long, and in- 
creased in the same ratio where the 
length is greater. ; . 

Joun Cook. 
Springfield, II. 





Increase of Salary 





As to the engineer being justified in 
asking for an increase in salary, depends 
on more than one thing. If his “boss” is 
the manager or superintendent, and re- 
sponsible to men higher up, one reason 
May be that he wants all the credit for 
the saving due to the paying of a smaller 
salary, and the saving made by the engi- 
neer. In such case the man above the 
‘engineer is getting the credit, which will 
make him that much more solid with his 
“boss,” when it should go to the engineer, 
who will never get an increase until he 
asks for it. 

Perhaps another reason why he does 
not get a raise is that the “boss” realizes 
that he is saving him $50 per week over 
his former engineer, but in doing so he 
is letting his plant run down so that when 
the crash does come the cost of repairs 
will equal or more than equal that which 
is being saved at present. 

NorMan S. CAMPBELL. 

Detroit, Mich. 





If an engineer saves his employer $50 
per week and the employer does not offer 
to raise his salary, it is time they had a 
heart-to-heart talk about the matter. 

Excessive modesty in this matter of 
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salary is not good for one’s purse. It is 
well, also, to be prepared to tell the “boss” 
he can get another man for the place if 
he does not come up with the cash. Have 
your eye on another job before you bring 
the matter to a test, however. 


F. W. Cerny. 
Mesa, Ariz. 





Peculiar Indicator Diagrams 





The writer was called upon to test a 
power plant and obtained some indicator 
diagrams decidedly out of the ordinary. 
Although these diagrams were taken dur- 
ing a regular and uninterrupted, run of 
the plant, the conditions were somewhat 
unusual and might make it difficult to in- 
terpret them correctly if.unknown. Two 
engines of the Corliss type, a 16x30 and 
an 18x42, operated on the same line shaft 
and furnished power for a large manufac- 
turing plant. The boiler pressure was 85 
pounds gage and a 40-pound spring was 
used in the indicators. The governors 








avwer, NY. 


EXTRAORDINARY DIAGRAMS 


were found to be so adjusted that nearly 
the whole of the load was carried by the 
larger engine, which gave fairly good dia- 
grams, cutting off under normal condi- 
tions at about 0.4 stroke. The correspond- 
ing diagrams from the small engine were 
similar to and only a trifle smaller than 
the right-hand or crank-end diagram 
shown in the illustration. It was only un- 
der extremely heavy loads, with the large 
engines taking steam for practically full 
stroke, that the small engine began to 
pick up its load. 

A number of diagrams were taken un- 
der the normal conditions described and 
everything was running smoothly when 
the writer was called away from the en- 
gine room; returning a half hour later 
he found the small engine giving unmis- 
takable signals of distress. Diagrams 
were taken, with the result shown in the 
illustration. This led to an investigation 
of the exhaust valve and it was found that 
the key had dropped out of the valve stem. 
After a hurried search the engineer found 
the key under the cylinder and replaced 
it, with the engine running at 90 revolu- 
tions, and all was well; or, at least, as 
well as before. 

These diagrams were, of course, only 
possible on account of the fact that the 
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small engine was driven by the larger 
during the time of the trouble. It will be 
noted that the entire area of the head end 
is negative, representing work done by the 
piston upon the steam instead of work 
done by the steam upon the piston, and 
that this negative area is equal to or 
slightly greater than the positive area of 
the crank end. When one notes the pres- 
sure in the cylinder during compression 
it is not surprising that an engine that 
was generally run down should, to the 
best of its ability, express its resentment 
of such treatment. 

Perhaps the most peculiar feature of 
the diagrams is the fact that the compres- 
sion line is above the admission and ex- 
pansion lines for the éntire length. A 
very serious amount of leakage by the 
admission valve seems to be the only way 
of accounting for this. 


H. M. PHI uies. 
Pittsburg, Penn. 





Architects and Heating Systems 





While ‘modern practice calls for the 
mechanical: equipment of large office 
buildings and hotels, especially where in- 
dependent lighting plants are included, to 
be designed and supervised by a firm of 
consulting engineers, or architects having 
engineers in their employ, many small 
installations, principally heating systems, 
are looked after by the architects them- 
selves. 

Many architects issue specifications of 
machinery which has long been standard- 
ized, without troubling to ascertain if the 
particular piece required conforms to the 
manufacturer’s standard. For instance, 
a case which came to the writer’s notice 
a few days ago, and which was primarily 
responsible for this letter, was that ‘of a 
firm of architects who were required ‘to 
provide two boilers for a low-pressure 
heating system, in which the maximum 
pressures should never exceed 25 pounds 
per square inch. The specifications, be- 
sides calling for an odd-size boiler, called 
for a certain thickness of shell plate, 
which exceeded by 1/32 of an inch the 
thickness of the shell of a standard power 
boiler designed with a safety factor of 5 
for a working pressure of 100 pounds per 
square inch. 

It is not enough to know theoretically 
what amount of heating surface or evapo- 
ration power a boiler should have, or the 
amount of water a pump must deliver and 
the head it must deliver against, and then 
specify any size to do this work, whether 
it be standard or not. Ought not archi- 
tects who are drawing up specifications 
for this machinery acquaint themselves 
with the common standard to which these . 
machines are manufactured and specify 
one which would permit of a manufac- 
turer quoting on his standard article, and 
on which he could in all probability offer 
quicker delivery and lower price? 
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Of course there are cases where, owing 
to conditions beyond the architect’s con- 
trol, a standard pump, boiler or whatever 
machinery is wanted cannot be installed; 
but then, and only then, should the archi- 
tect depart from standard lines and 
specify special machinery. 

N. H. BAttow. 

Toronto, Ont. 





Burning Slack Coal 





The following iacts were brought out 
in recent tests of water-tube boilers with 
Arkansas slack, which has a calorific value 
in the neighborhood of 12,000 B.t.u., and 
for the most part contains no lumps, 
although occasionally about 5 per cent. of 
a carload will consist of lumps the size 
of nut coal. 

The grates used in the boilers under 
test are of the shaking type. The teeth 
grip the clinkers formed on the bottom of 
the fire bed, tearing them off piece by 
piece and working them through the 
grates. The air space amounts to about 
40 per cent., which may seem excessive 
for slack, yet was not. 

Before starting the tests it had been 
suggested that firing by coking be tried. 
It was found, however, that the coal would 
not coke, but would burn into a condition 
somewhat like a “quick-lunch” Hamburger 
steak, well done outside but raw in the 
center. 

On the first test the damper was left 
wide open and a fire from 12 to 14 inches 
thick was carried. Every 30 minutes the 
grates were shaken, thus keeping the fire 
at the same hight without cleaning. The 
slice bar was used to lift the fire off the 
grates, being careful not to bar the clink- 
ers up into the live coals. Every 15 min- 
utes the rake was run over the top of the 
fire to break up the caked coal. 

After a twelve-hour run the fire was 
cleaned and a number of large clinkers 
were found. They were quite porous, 
however, and had not cut down the draft 
to an appreciable extent. The results 
justify the conclusion that with the same 
load, 320 horsepower on a rating of 300 
horsepower, more frequent shaking, or 
cleaning every six hours, would prevent 
the formation of such large clinkers. An- 
other way to prevent large clinkers was 
tried later and proved even more 
effective. 

A subsequent test on light load, about 
170 horsepower, showed that a fire 8 
inches thick with the damper half closed 
would give the best results. It had been 
the habit of the fireman to leave the dam- 
per wide open, carry a heavy fire and 
regulate the draft with the ashpit doors. 
This latter practice is all two common, as 
it is much easier to kick an ashpit door 
shut than to close the damper. The sav- 
ing in fuel by operating with a half-closed 
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damper and a lighter fire was shown by 
the fact that in twenty-four hours from 
2% to 3 tons less coal was burned than 


- with the damper open wide with a heavy 


fire. 

Another point brought out in the tests 
was the value of a steam jet in preventing 
the formation of clinker. At one time 
the clinkers formed in the fire seemed to 
lack their usual porous quality and the 
draft dropped. With the introduction of 
a steam jet through one of the ashpit 
doors, however, the draft was bettered in 
a short time, and the test was continued 
for several hours without cleaning the fire. 

In slicing the fire, it had been the prac- 
tice of the fireman to break up the fire, 
thus mixing the clinkers with the live 
coal. Better results were obtained, how- 
ever, by lifting the slice bar only enough 
to separate the. clinkers from the grate, 
making a freer path for the air without 
spoiling the fire. 

GeorcE W. MartIN. 

Pine Bluff, Ark. 





Reversing Polarity of Machine 





I am running a 300-kilowatt direct- 
current machine in parallel with a 500- 
kilowatt direct-current machine, both gen- 
erating current for electric-railway work, 
at 600 volts. Once in awhile one of the 
machines reverses. 

One man gave as his idea that a heavy 
load coming on one machine will slow it 
down and so reduce the voltage below 600. 

Does it not pull the other machine 
down in the same way? If it does not, 
will someone state why? 


B. F. WEst. 


Scammon, Kan. 





Central Valve Engines 





Mr. Barnett has criticized my letter on 
“Central Valve Engines.” My object in 
sending that letter was to give a previous 
correspondent the information which he 
could not get. 

My sketch was intended to show, not so 
much the correct relative position of the 
valve to the pistons as the distribu- 
tion of the steam through the various 
ports, etc. In trying to show this clearly 
I committed the mistake as pointed out 
by Mr. Barnett. With the pistons as 
shown the valve in these particular en- 
gines should have been open to the low- 
pressure cylinder at the top 3/64 inch, 
which is the lead for that end, and the 
bottom high-pressure port should be open 
7/32 inch, the lead for that end. The 
small sketch which I made, to have shown 
to scale, would have shown the valve prac- 
tically closed, and it would have been diffi- 
cult to see how the steam was distributed. 
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With reference to Mr. Barnett’s re- 
mark “that I’am not conversant with the 
most elementary principles of valve set- 
ting as covering the simplest slidé-valve 
engine,” I have up to the present been able 
to set the valves of not only this particular 
type of engine, but of various other types, 
including simple slide-valve, riding-cutoff, 
Corliss and that interesting central-valve, 
single-acting engine referred to by Mr. 
Barnett, having had nearly twenty years’ 
practical experience in running, overhaul- 
ing and general repair work. 

J. J. STaFrorp. 

Birkenhead, England. 





Do Crank Pins Wear Flat? 





The assertion is oiten made that the 
crank pins of steam engines wear flat, but 
I find that they do not, but they do wear 
out of center with the bell. Only a few 
weeks ago, at the plant where I am em- 
ployed, the shaft and crank of an old 
18x36 Corliss engine was replaced by a 
new one and on calipering the old pin I 
found it to be badly worn. I was told 
that the crank had been in use more than 
sixteen years. 

W. H. Srivason. 

Wilson, Penn. 





A Machine Shop Blunder 





A friend who owns and runs a wood- 
working shop sent for me to come to 
his place and see if I could find out what 
was the matter with his 12x16-inch 
throttling slide-valve engine. He had 
always had trouble in keeping up steam 
with a 60-horsepower boiler. 

When the throttle was opened and be- 
fore the engine started, steam could be 
heard blowing through and it did not 
seem to make any difference on which 
stroke we tried it. The valve and piston 
were removed, but everything seemed all 
right. While engaged in measuring the 
lap and the spacing of the ports, I chanced 
to look above the valve seat and saw a 
¥%-inch hole leading from the steam 
chest to the exhaust port. 

In drilling the holes for the cap screws 
holding the governor to the top of the 
steam chest, one of the holes came di- 
rectly over the exhaust port, and the 
drill had been run through into the port. 
The valve seat being raised from the 
cylinder side of the chest, a 54-inch drill 
came through just back of the seat and 
one side had cut through into the chest 
about 3 inch. A short cap screw had 
been used which did not reach down far 
enough to stop the hole. 

I took the old cap screw out and after 
tapping out the hole made a new screw 
that would reach down into the port, thus 
stopping this leak. 

C. E. Bascom. 

Readsboro, Vt. 
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Some Useful Lessons of Limewater 


Interesting Simple Experiments Showing the Relation of Electricity 
and Chemistry; A Valuable Lesson on the Carbon Compounds 





BY CHARLES 


There are so many sides to the study 
of chemistry that it is sometimes difficult 
to select the best order of attack; but one 
subject which naturally comes in at this 
time is the study of the simple primary 
electric battery. The main points of this 
primary battery can be easily mastered 
by anyone, and with the simplest of ap- 
paratus. We will first construct the sim- 
ple battery, and in another lesson we will 
study some of the most important proper- 
ties of the electric current, both from the 
physical and the chemical standpoint. It 
is true that we do not know much about 
the nature of the force which is called 
“chemical affinity;” but, whatever it is, 
it is certainly very closely connected with 
electrical action; and you can easily study 
some of the main points of this marvelous 
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of the pressure and the flowing of liquids 
through tubes; and just as a large tube 
will carry more liquid, so a coarse wire 
will carry more electricity. You want to 
clean and scrape the insulated wire for 
an inch or two at each end so as to free 
the wire from all fabric, tar, rubber, wax, 
or whatever material is used for a cover. 
If you have worked any with electricity 
these directions will seem gratuitous and 
unnecessary; but in any event you must 
remember that good results can always be 
obtained, but only at a little expense of 
careful attention in having the connections 
clean so that the metallic surfaces will 
come directly together without having 
any dirt, grease or foreign substance in 
between. You will connect one end of 
the well-cleaned copper wire to the zinc 
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FIG, I 


thing, the electric current, both as to the 
way in which it is started, and also as to 
what it can do chemically. It is all the 
easier to do this, now that we have studied 
the two fundamental elements, oxygen and 
hydrogen, the typical oxidizer and the 
typical reducer. 


To Construct A SImMpLe BATTERY 


The apparatus which you will need is 
about as follows: A tumbler of dilute 
sulphuric acid; a strip of zinc and another 
of copper, about 1 inch wide and 3 or 4 
inches long; and a short piece of common 
insulated copper wire, say abo t 1/16 inch 
in diameter without the insulation, that is, 
coarse copper wire. The reason for 
using coarse rather than fine wire is that 
the laws regulating the flow of electricity 
through wires are something like the laws 
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The first thing to do is to dip the zinc 
strip alone in one side of the tumbler of 
dilute acid, and you will note a rapid 
effervescence of bubbles, which, of course, 
you know to be hydrogen, from your ex- 
perience of the last two lessons in mak- 
ing hydrogen by the action of dilute sul- 
phuric acid upon zinc; or, to put it an- 
other way, by the action of zine upon 
dilute sulphuric acid. Now there is noth- 
ing very remarkable in this, but it is the 
preparatory step to the next experiment 
which completes the making of your sim- 
ple electric battery. As long as the zinc 
alone is in the dilute sulphuric acid, bub- 
bles of hydrogen come off from the sur- 
face of the zinc, Fig. 3; but, keeping the 
zinc in the tumbler and dipping the cop- 
per into the other side (the ends of the 
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strip, by boring a hole through the zinc, 
hooking the wire through, and pressing 
or hammering it flat so that the hooked 
wire will touch both surfaces of the zinc, 
as shown in Fig. 1. The other end of 
the wire is attached exactly the same way 
to the copper strip, and the intervening 
wire is twisted into a loose coil or spring 
which can be easily adjusted to the dis- 
tance of the two strips apart as they are 
placed in the tumbler. It may also be 
convenient to have a bit of some non- 
conducting substance, like a short piece 
of rubber, resting in the bottom of the 
tumbler to keep the two metal strips 
apart. The arrangement of the two strips 
of copper and zinc with the short coil of 
connecting wire is shown in Fig. 2. Now 
fill the tumbler about three-quarters full 
of dilute sulphuric acid, say about one part 
of acid to six or seven parts of water. 
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copper and zinc plates being connected by 
the insulated wire), you will note that the 
hydrogen ceases to come off from the zinc 
plate, and comes off from the copper 
plate, Fig. 4. There may be slight effer- 
vescence from the zinc plate, when both 
the zinc and copper are dipped in the 
dilute acid; but this gas from the zinc 
plate now is mainly oxygen, something 
which we will try to prove later on. The 
point that you want to notice is that if 
you dip the zinc plate alone into the dilute 
sulphuric acid, you get a brisk evolution 
of hydrogen gas from the zinc plate; but 
if you dip both the zinc and the copper 
plates (connected by the insulated wire) 
into the dilute sulphuric acid, the principal 
evolution of hydrogen gas is from tine cop- 
per plate. We will neglect for a moment 
the slight evolution of oxygen gas from 
the zinc plate, when both the plates are 
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dipped into dilute acid, to study the main 
evolution of hydrogen gas which comes 
off of the copper plate. 


“ACTION AT A DISTANCE” 


Evidently something very remarkable 
is happening here because, as shown in 
Figs. 3 and 4, the hydrogen, which would 
come off from the zinc alone, seems to be 
thrown off at the copper plate. This is not 
the same hydrogen as that which would 
come off at the zinc plate alone, but it is 
the same kind of hydrogen in quality and 
quantity ; and its appearance on the cop- 
per plate an inch or two away from the 
zinc plate in the tumbler is what is called 
“action at a distance,” and this action at 
a distance is characteristic of the electric 
battery. This action of copper in throw- 
ing off hydrogen, when the zinc-copper 
couple are connected by a wire and dipped 
into dilute acid, this action of the giving 
off of hydrogen from the copper plate, is 
all the more remarkable because copper 
alone does not give off hydrogen in such 
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quantity and with stich readiness in dilute 
sulphuric acid. You want to prove this 
point, namely, the action of dilute sul- 
phuric acid and copper on each other 
alone, because it is the whole point of ex- 
periment. Indeed if you stop here and 
take both the zinc and copper out of the 
dilute acid and then dip the copper only 
into the acid you will note almost no ac- 
tion, because dilute sulphuric acid has 
hardly any effect on copper, at least for a 
few momeiits. The following points, then, 
you have established: 

First, that the zinc alone in the dilute 
sulphuric acid gives off a rapid bubbling 
of hydrogen. 

Second, that the copper plate alone 
when dipped into dilute sulphuric acid 
does not give off any hydrogen to speak of. 

Third, that when the zinc and copper 
(connected by the insulated wire) are 
both dipped into the dilute sulphuric acid 
at the same time there is a rapid evolu- 
tion of hydrogen gas, but from the cop- 
per plate. 
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As stated, something remarkable is 
happening here, and you can see that it 
is the action of the so-called electric cur- 
rent between the metals, through the 
dilute acid and through the conducting 
wire, which seems to transfer the evolu- 
tion of the hydrogen from the zinc plate 
to the copper plate. It is just this action 
of the electric current which you want to 
note. There are a great many sides to 
this experiment, some of which we can 
take up now, and some of which will come 
up from time to time later on. This zinc- 
copper couple in dilute sulphuric acid, the 
zinc and copper being connected by the 
insulated wire, forms the typical simple 
galvanic or voltaic electric cell. There is 
an electric current flowing around, from 
metal to metal, through the liquid and 
through the connecting wire; indeed, there 
are probably two currents flowing around, 
one the so-called positive current, flowing 
in the liquid from the zinc to the copper 
and carrying hydrogen from the zinc to 
the copper in the tumbler (and then going 
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on around through the wire back through 
the zinc again), and the so-called negative 
current, which carries oxygen from the 
copper to the zinc in the tumbler, and 
which goes on around the wire back to 
the copper. These two currents, the posi- 
tive flowing in one direction carrying hy- 
drogen and the negative current flowing 
in the opposite direction and carrying 
oxygen, are always equal in quantity and 
in intensity, and exactly balance each 
other. Indeed, we cannot have a positive 
current without having exactly the same 
amount of the opposite kind, namely, the 
negative; and, similarly, we cannot have 
the negative current without having ex- 
actly the same amount of the positive cur- 
rent. 

While we cannot go very far into the 
explanation of this at present, yet it 
should be said here that we probably have 
and use what are essentially the same 
thing as these positive and negative cur- 
rents in every chemical action; but they 
are so mixed up with each other and they 
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balance each other so evenly and quickly 
that one does not realize this until he 
separates them very much in the same 
way that you are doing in your simple 
primary battery made of the zinc-copper 
couple. Indeed, this simple primary bat- 
tery is nothing more than a simple but 
elegant and marvelously ingenious scheme 
for separating the results of the two cur- 
rents so that one can take them apart, as 
it were, and study each one separately. 


DEFECTS IN THE ZINC-CopPER BATTERY 


There are several defects in this sim- 
ple zinc-copper battery, which you will 
note if you let it work for a few mo- 
ments. One of these defects is that the 
hydrogen bubbles will soon begin to stick 
to the copper plate, and your battery will 
soon become tired and “polarized,” as the 
expression is; therefore, later on you will 
try to get some way to overcome this 
difficulty of the accumulation of the hy- 
drogen at the copper plate. This is done 
by surrounding the copper plate (or what 
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may take the place of the copper plate) 
by some “de-polarizing” or oxidizing sub- 
stance. Another defect of this battery is 
that the zinc is altogether too active in 
the dilute sulphuric acid and is quickly 
corroded and eaten up; whereas it may be 
preserved against needless waste by rub- 
bing the zinc plates with a few drops of 
metallic mercury carefully applied with an 
old rag. This amalgamating of zinc 
plates in primary batteries used to be a 
very important point in the old days be- 
fore the modern power generator or 
dynamo was used to develop electricity, 
and when they had to depend on such 
primary batteries as a source of electricity. 

There is another side of this, also, 
which we may study right here. While 


there are always both the positive, the 
hydrogen-carrying or the metal-carrying, 
current and the negative, or the oxygem- 
carrying, current in every battery, yet for 
convenience and simplicity we purposely 
neglect the negative current and speak in 
terms of the positive current, as though 
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that were the only kind of current. One 
reason for this is that the carrying of the 
metals, as hydrogen, is usually more easily 
noted and measured than the carrying 
of the nonmetals, as oxygen, by the elec- 
tric current. Another reason is that when 
the double electric current gives off hy- 
drogen at one plate or “pole” and oxygen 
at the other plate or “pole,” there are two 
volumes of hydrogen to one of oxygen, 
being the proportions in which 
oxygen and hydrogen unite to form 
water (H:2O). 


these 


THe “ANODE” AND THE “CATHODE” 


In studying this positive electric cur- 
rent in this simple primary battery it is 
plain that the action seems to start at the 
surface of the zinc plate in the dilute 
We will therefore think and speak 
of this zinc plate as being the starting 
point for the positive electric current. We 
will also call the zinc plate or “pole” the 
(the “road up” or the “up 
road”) ; and we will call the copper plate 
in the battery the “cathode” (that is, the 
“down road” or the “road down”). Thus, 
we will speak of the zine plate or the 
metal-exciting plate in the battery as the 
anode, and the copper plate or the metal- 
receiving plate or “pole” in the battery, 
as the cathode. That is, in the battery 
the current goes “up” into and through 
the zine plate, across through the dilute 
acid, “down and out” through the cathode 
or copper plate, and so on through the ip- 
sulated conducting wire to the zinc plate 
again. We have taken the greatest liber- 
ties with both fact and language in talk- 
ing about this electric current in its pa-- 
sage through the anode and cathode; but 
en the whole perhaps it is justifiable, if 
you remember that we are still in the in- 
fancy of our ignorance regarding the na- 
ture of chemical affinity and the electric 
current. 


acid. 


“anode” 


It will do you no harm to think about 
this positive electric current as though it 
were an invisible current of fluid force or 
energy; but we must always be careful to 
name the facts in the right order and 
contrast. This is the more necessary be- 
cause if we cut the connecting wire in the 
middle, as we are going to do in a mo- 
ment, the end of the wire leading from 
ihe cathode will itself become an anode 
or “road up,” and the other cut end of 
the wire, leading up to the zinc anode in 
the battery, will itself become a cathode 
or “road down or out,” considering only 
the cut ends of the wire. 

There is also another way of looking 
at this flow of the positive current in the 
circuit, from anode to cathode in the bat- 
tery and from anode to cathode at the cut 
ends of the conducting wire outside the 
battery, and that is by the use of the 
signs + (plus) and— (minus). Just as we 
think of the temperature as falling from 
plus (+) above zero, on the thermometer, 
to minus (—) below zero (say from 10 
degrees above zero to 10 degrees below 
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zero), so we can think of the electric cur- 
rent, that is, the positive electric current, 
as always going in the direction in which 
it falls from plus (+) to minus (—). 
You will notice that we have indicated 
these signs carefully and exactly in Fig. 
5 and you will want to study this figure 
and memorize the relative positions of 
these signs; for they stand for the gov- 
erning direction of the flow of the posi- 
tive electric current. 

Now, to show you that we are talking 
about real chemistry and not about a mere 
dream, take the two ends of the cut wire 
as shown in Fig. 5 and put one on the 
upper and the other on the under side of 
your tongue, when you can easily taste 
the electric current. Indeed, if you take 
a strip of plain clean zinc about 1 inch 
square and lay it on the under side of 
your moist tongue, and then place a clean 
copper cent on the upper side of your 
tongue and let the projecting ends of the 
zinc and copper touch each other, you will 
have a little electric battery and you can 
taste the electric current every time that 
you make the zine touch the copper cent. 
Of course, in this simple battery in the 
mouth, the saliva the dilute 
acid, and what you are tasting is a strange 
mixture of the effect of the 
positive or metallic current and the nega- 
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reducing 


tive or nonmetallic current; and you can- 
not fail to note the strong metallic taste 
of this simple tongue battery. 

To find out just what it is that you are 
tasting in the tongue battery, and just 
what it is that you have produced in the 
zinc-copper couple in the tumbler battery, 
try the experiment indicated in Fig. 6. 
Take a piece of common litmus paper 
and dip it into a little dilute soda or acid 
so that one-half will be colored blue and 
the other half red. The strip of litmus 
paper should be about % inch wide and 2 
inches long. Then neutralize a little sul- 
phuric acid, say a teaspoonful of dilute 
acid, with a few drops of caustic soda, 
until it is exactly neutral, so that it will 
leave red litmus paper red and blue litmus 
paper blue. You can get this point of 
exact neutrality by a little fussing and by 
adding a drop of dilute acid from one 
tumbler and a drop of dilute caustic soda 
from another tumbler until the sodium 
sulphate produced is exactly neutral. 

Then dip the strip of litmus paper into 
this neutralized solution sul- 
phate. Lay the red and blue litmus paper, 
which is saturated with the sodium sul- 
phate, on a clean plate or Saucer and put 
the end of the cut conducting wire from 
the copper pole on the blue end and the 
end of the conducting wire from the zinc 
pole of the tumbler on the red end of the 
litmus paper, having both the zinc and the 
copper plates immersed in the tumbler 
battery. At once will notice that 
where the wires touch the sensitive strip 
of litmus paper, in the blue end around 
the wire from the copper pole will come 
a tiny red spot, and in the red end of the 
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litmus paper around the end of the wire 
from the zinc pole will come a blue spot. 

This experiment will teach you every- 
thing that you need to know about the 
fundamentals of the chemical nature of 
the electric current. You will see that the 
current is flowing, that is, the positive cur- 
rent, in the direction of the tiny arrows, 
as marked in Fig. 6; you will note, also, 
that where the current from the battery 
goes into the litmus paper, the end of the 
wire from the copper being an anode 
shows the oxidizing or acid action of the 
negative current and turns the blue litmus 
red; while the end of the wire leading 
to the zinc, on the litmus paper, shows 
the metallic or basic action and turns the 
litmus paper blue. The actual reactions 
which are happening (to the sodium- 
sulphate solution in the litmus paper) are 
quite complicated, and we will not stop 
to analyze them completely at this time; 
but you can see that the electric current 
can be broken up anywhere in the circuit 
into its two the one part at the 
pole where the current goes in always 
showing an oxidizing or acid effect, and 
the other part where the current goes out 
always showing a basic or reducing effect. 
You will have to be patient with yourself, 
and you will have to read and re-read 


parts, 


this chapter several times; but you can 
easily memorize the main points in one 
very simple and easy way—by doimg the 
experiments. Indeed, one hour of ex- 
periment is worth many hours of reading 
and study. One wants to read and study 
just enough to see how to perform, the 
then the itself 
becomes the teacher, takes charge of all 
of us as students and teaches us how to 


experiment ; experiment 


see and how to remember. 


Two Matn Pornts To ne Notep 

There are many sides and many appli- 
cations to this fundamental experiment of 
the simple primary electric battery; but 
there are two main points for each of 
us to note in this lesson: one is the way 
in which the hydrogen is driven off from 
the copper rather than the zine pole in the 
tumbler battery, and the other is the way 
in which the cut ends of the conducting 
wire, carrying the electric current, show 
very clearlyrthe opposite chemical action 
of oxidizers or acids at one pole and bases 
or reducers at the other. If we will stop 
here and let our imagination work a lit- 
tle, we can easily see something of the 
almost unlimited possibilities of the chemi- 
cal action of the electric current. 

In this experiment we have produced.a 
very feeble electric current from a pri- 
mary battery; but the chemical effects of 
the electric current are the same whether 
the electric current is produced by a 
primary chemical battery, or by a me- 
chanical generator or dynamo, provided 
the current is what is called a “direct cur- 
rent.” The chemistry of the alternating 
current is a different matter and cannot 
be considered here; but the action of 
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enormously powerful direct currents, 
such as those produced at Niagara falls 
and used in the manufacture of aluminum, 
the clay metal, and many other equaily 
interesting substances, all this shows a 
little of just what you have begun to block 
out in this lesson. 

There is another word of explanation 
which should be offered here. I refer to 
the difference between the so-called 
“primary” and “secondary” _ batteries. 
There is really very little difference in 
theory between the primary and secondary 
battery; both have their anodes and 
cathodes, and in both the positive cur- 
rent flows in the way indicated in noting 
the course of the current in our simple 
tumbler battery. But, practically, there is 
a great difference between the primary 
and secondary battery; for the electri¢ 
current represents a form of power or 
energy, and the electric current can be 
produced either by the mechanical dynamo 
or generator, or by the primary battery 
(though at present the primary battery 
is not used as an economical source of 
large currents). Now in the saving up 
or storing of the energy of electric cur- 
rents use is made of the secondary bat- 
tery, which is frequently made of two 
lead plates (one in the form of metallic 
lead, the other in the form of the brown 
oxide of lead, PbO:); these “secondary” 
or “storage” batteries make a large sub- 
ject, and they represent a problem which 
is only half worked out at present. This 
word of explanation is simply given to 
show the meaning of the word primary as 
we have used it for our tumbler battery in 
a simple form for originating an electric 
current. 

In the next lesson we will consider some 
of the other chemical and physical aspects 
of the electric current; and incidentally 
it will be a good thing for you to get an- 
other piece of insulated copper wire, 4 or 
5 feet long, and also a small pocket com- 
pass, even one as small as the common 
watch-charm compass; for anything of 
this sort will come in very handy. You 
will also want to get a short piece of good 
steel, 4 or 5 inches long, and magnetize 
it by holding it close to a certain part of 
any direct-current generator; any friendly 
operator will help you to magnetize it. 
But do not forget to go over and over 
the material presented in this lesson, and 
to clinch it by experiment, so that you will 
learn it as though you were going to re- 
member it forever; it is worth knowing. 





The principal producing countries of 
lignite are Germany, Austria and Hun- 
gary, which in 1906 produced 55,513,000 
tons, 23,779,000 tons and 6,263,000 tons, 
respectively, while the provisional figures 
available for Germany in 1907 show a 
production of 61,542,000 tons, and in Aus- 
tria 25,840,000 tons. In the United King- 
dom the production has for some years 
been nil. 
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The Inception of the “Van Stone” 
Joint 


In a group at the Engineers’ Club the 
other evening, the conversation turned 
upon loose-flange joints, suggested by W. 
IF’. Fischer's article upon the subject 
which had just appeared in Power, and 
George ]. Rockwood, who was of the 
number, related the story of the inception 
of this type of joint by himself, as fol- 
lows: 

“In 1903 I had occasion to put some 
8-inch high-pressure steam pipes into the 
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FIG, I 


plant of the Samuel Winslow Skate 
Manufacturing Company, Worcester. Cast- 
ing about for the best form of pipe joint, 
I investigated the work which had been 
put up in Providence, about that time, in 
the Narragansett Electric .Light Com- 
pany’s station, where the ends of the pipe 
were flared out and riveted directly to- 
gether in much the same way that the 
flanges on the ends of the abutting sec- 
tions of Lancashire-boiler furnaces are 
riveted together (Tig. 1). 

“T was informed that considerable trou- 
ble had been experienced with this form 
of joint and that most of the piping had 
to be replaced after a short time, owing 
to the impossibility of- contending suc- 
cessfully with the strains produced by 
the expansion and contraction of the line. 
It then occurred to me to make use of the 
heavy cast-iron flange (Fig. 2). The 
flange was bored a rather close fit to the 
pipe, its face was turned to the section 
shown, and the flange was then slipped 
over the pipe and temporarily left some 
distance on it from the end. The black- 
smith then heated and flanged over the 
end of the pipe, after which he moved the 
cast flange up to the heated end, secured 
it there and molded the two flanges to- 
gether. 

“The fundamental object I had in view 
was to secure together the abutting 
flanged ends of two pieces of pipe in such 
manner that the expansion strains of the 
line could not affect the relative posi- 
tions of the contacting faces. By making 
the flanges with deep skirts and by flar- 
ing the outer faces of the flanges to admit 
a calking tool, I was able to correct any 
tendency of the pipe to leak when first 
put up, by simply calking the steel up 
against the heavy anvil-like faces of the 
flanges. 

“A year or two later, after I had 
watched the behavior of the pipe joints 
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in this factory, I contracted with the Wal- 
worth Manufacturing Company, in Bos- 
ton, for a long line of pipe varying from 
16 to 6 inches in diameter, and provided 
with this same style of pipe joint. Before 
letting the contract to the Walworth 
Manufacturing Company, I attempted to 
get figures from several other pipe con- 
tractors, but entirely without success, as 
no one else wished to attempt the flang 
ing-over process for fear of lack of suc 
cess due to splitting of the ends of the 
pipe when subjected to such a treatment 
The Walworth Manufacturing Compan) 
evidently did not realize the difficulty of 
the job, for after it had had the con- 
tract for some days, its salesman called 
at my office and asked to be allowed to 
provide screwed flanges, as they found it 
almost impossible to prevent the splitting 
of the pipe when they attempted to flange 
it. However, after some persuasion and 
further experimenting on the part of their 
superintendent, Mr. Van Stone, with an 
oil furnace, and after some practice on the 
part of their men in hammering over the 
edge of the heated pipe with long-handled 
wooden mallets, they were able to finish 
the job and erect it in position. 

“It was an entire success, and during 
the following summer, after a long ab- 
sence from home, I called at the office of 
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FIG, 2 


the Walworth Manufacturing Company 
and asked them what they thought of the 
joint. Their answer was that they thought 
it an excellent joint in principle, but too 
expensive to build for the market. |, 
however, had my suspicions aroused and 
went over to see what they were doing 
with it in their factory, where I found 
their shop literally full of orders for pip- 
ing with this style of pipe joint. I also 
found they were advertising it as the 
‘Van Stone Pipe Joint’. Meantime, I had 
had a patent issued to me—No. 580,055, 
April 6, 1897. This patent was for a pipe 
joint (Fig. 3) in which the flanges have 
divergent opposite sides to admit a calk- 
ing tool. The Walworth Manufacturing 
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Company has continued to make its 
so-called ‘Walmanco’ pipe joint (the 


name which they switched over to after 
Mr. Van Stone left their employ and 
formed the company of Lumsden & Van 
Stone, Boston), which is practically a 
Chinese copy of my patent. 

“Tl talked with the Walworth Manufac- 
turing Company for a good while about 
their buying this patent; but, owing to a 
defect in the way the claim had been 
drawn, I found it was necessary to secure 
evidence that pipe joints which had been 
erected and subjected to steam pressure 
and had leaked, owing to defective work- 
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FIG. 3. ROCKWOOD PIPE COUPLING 


manship, had actually been tightened by 
the use of a calking tool introduced be- 
tween the divergent opposing sides of the 
flanges. Owing to the difficulty of secur- 
ing this testimony, and to a certain re- 
luctance to engage in a legal struggle with 
the Walworth Manufacturing Company, I 
never did anything further to enforce my 
rights. 

“In the original pipe joints made by me, 
I thought it safe, after discussing the mat- 
ter with my friend, Capt. Charles H. 
Manning, and in view also of an experi- 
ence with a pipe line of somewhat similar 
construction in Natick, R. I., where an 
engineer was killed while calking a line, 
due to the pulling of the pipe out of the 
flange, to introduce a few rivets into the 
skirt of the flange to take the strains off 
of the corner where the pipe is bent over. 
The rivets had the additional advantage 
of holding the flange in position while the 
blacksmith flanged the end of the pipe 
over against it. But, whether the rivets 
were provided or not was immaterial to 
the main fundamental advantages of this 
type of flange. 

“| have had it alleged to me that I got 
the idea of making this type of joint from 
previous practice in coppersmith’s work, 
where the abutting ends of copper tubes 
are spun over and are pinched between 
two light flanges. No one who had ever 
seen the drawing of such a flange would 
be likely to have made a steel pipe joint 
in the way shown in my patent. No sug- 
gestion of the advantages of such flanges 
as anvils against which to calk the joint 
tight is suggested by their shape. Further- 
more, the fact that the flange was original 
with me is shown by the further fact that 
it was not until after I had made and 
used this so-called ‘Van Stone’ joint that 


POWER AND THE ENGINEER. 


modern practice shifted quickly over to 
it, practically to the abandonment of all 
other kinds of joint for use in high-pres- 
sure pipe lines.” 





License Law for Colorado 





A bill has been introduced into the 
legislature of Colorado providing for the 
examination and license of persons oper- 
ating steam engines, boilers, etc. Two 
persons who have had not less than five 
years’ practical experience each in the care 
and management of boilers and 
steam engines are appointed by the gov- 
ernor for a term of two years, and they, 
together with the State inspector of steam 
boilers, constitute a board of examining 
engineers. 

“It shall be the duty of the board of 
examining engineers to meet from time 
to time and at least as often as once in 
four weeks in the city of Denver, or else- 
where in the State of Colorado, for the 
purpose of examining the qualifications 
of applicants for license to operate steam 
power.” 

The fee upon application is $5; if one 
fails and tries again, the fee is $2.50; and 
the license must be renewed yearly, the 
fee for which is $3. The examiners may 
accept licenses granted by other lawfully 
constituted bodies in lieu of an examina- 
tion. Any rejected applicant may apply 
for a re-examination by an engineer of 
his own choosing, who shall act in con- 
junction with a member of the board and 
a third engineer to be satisfactory to both. 
Each member of the board shall be paid 
$5 for each day’s actual service and seven 
cents per mile for each mile actually trav- 
eled in the performance of his duties. 
Railroad locomotives and steam fire en- 
gines owned by an incorporated town or 
city are exempt. 

There are also bills before the legisla- 
tures of the States of Oregon and New 
Hampshire providing for the establish- 
ment of an inspector of steam boilers, but 
not for the examination and license of 
stationary engineers. That in New Hamp- 
shire has been reported unfavorably by 
the committee to which it was referred. 


steam 





License Act for California 


There is a bill before the legislature of 
California to regulate the operation and 
supervision of stationary steam apparatus, 
which prohibits the employment of any 
person to operate, supervise or control any 
stationary engine, steam boiler or other 
stationary apparatus for generating steam, 
except persons licensed in accordance with 
the act. It excepts only apparatus in con- 
nection with private dwellings. 

The law is to be administered by a 
board appointed by the governor, and con- 
sisting of three members, one of whom 
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shall have been employed as a stationary 
engineer for five years within the ten 
years preceding his appointment ; one shall 
have had the active management for a 
like period of some foundry or workshop 
in which steam-generating apparatus is 
used, and one shall be a graduate of some 
reputable college of engineering. They 
are expected to serve without compensa- 
tion but receive their actual and necessary 
traveling expenses while engaged in the 
business of their office. 

The board appoints an examiner and 
makes rules and regulations for the con- 
duct of examinations, for which and for 
the granting of licenses a reasonable fee 
may be exacted. The examiner is to 
travel about the State and is allowed a 
salary and his actual traveling expenses, 
but no provision is made for deputy 
examiners. 





A New N. A. S. E. Association 





On Wednesday evening, March 31, a 
new branch of the National Association 
of Stationary Engineers was formed at 
Fort Smith, Ark. The new association is 
known as “Border City No. 5,” and was 
instituted with twenty-four members. 
Although the inclemency of the weather 
kept many from attending, a most en- 
joyable night was spent. The following 
officers were elected: A. T. Hubbard, 
president; Frank Hertle, vice-president ; 
S. B. Robertson, secretary; H. C. Cul- 
pepper, corresponding secretary; S. T. 
Rosin, conductor. 





The Largest Steam Turbine in 
Sweden 


The De Laval Steam Turbine Company, 
in Stockholm, has recently supplied the 
largest steam turbine so far installed in 
Sweden to the Yngeredsfors Power Com- 
pany’s electrical central station at Var- 
berg. It is of the De Laval multiple type, 
has a capacity of 3000 horsepower and is 
direct-connected to a three-phase alter- 
nating-current (4400-volt) generator. The 
turbine company has supplied the whole 
of the plant, including two boilers, ete. 





The “I.aurentic,” of the White Star 
line, will soon make her first trip on the 
Montreal-Liverpool service. She has a 
tonnage of 15,300 and is fitted with 
reciprocating engines working in com- 
bination with steam turbines. Her sister 
ship, the “Magentic,” has the reciprocat- 
ing engines only. 





In the test of a plant by the Hamburg | 
(Germany) Society for the Suppression 
of Smoke the thermal efficiency with the 
regular but untrained stokers was 66.6 
per cent., and with trained stokers 72.7 
per cent. 
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Producer Gas Power in Small 
Units 


When one stops to think of the possi- 
bilities of small gas producers and en- 
gines, it seems strange that the use of 
that class of apparatus is not vastly more 
widespread than it is. A suction anthra- 
cite producer of any size up to 25 horse- 
power is no larger and no more trouble- 
some to operate than the hard-coal stove 
commonly found in country stores, and 
not nearly as intractable as the average 
kitchen range. We are vigorously op- 
posed to underestimating the degree of 
care required by machinery of any kind, 
and we do not ignore the fact that a 
small producer and engine plant do re- 
quire intelligent attention; nevertheless, 
it is undeniably true that the amount of 
such attention needed by the type of plant 
under consideration is astonishingly small. 

There is an enormous field for such 
small plants throughout the country, and 
the builder who has the foresight to de- 
velop it and get in first ought to reap a 
prodigal harvest. A good deal of mis- 
sionary work along Missourian lines will 
be necessary, however, in order to con- 
vince the prospective customer that the 
monstrosities which were sent out by some 
builders in previous years have had their 
day and that “real” producer-gas engines 
and anthracite producers are as easily ob- 
tained now as abortions were five years 
ago. 





The Presentation of Engineering 
Papers 


Most engineers enjoy a good lecture, or 
a paper on some uptodate subject. That 
is one reason why engineering societies 
have adopted the practice of having pa- 
pers presented by men of distinction in 
their lines. If the members who attend 
organizations did not feel an interest in 
such matters they would not be there. 
Without attendance, an engineering soci- 
ety must fail; therefore, it devolves upon 
any such body so to conduct its meetings 
that they will attract, not repel. Getting 
men into a lecture room and boring them 
to death is not conducive to success. 

Most engineering societies publish in 
advance the papers that are to be read at 
any particular meeting, in order that the 
members may have an opportunity of dis- 
cussing them intelligently at the meeting. 
This is a good idea, but what is the use 
of wasting the time of several hundred 
men by forcing or allowing the author to 
read in full a paper which every interested 
member has previously read for himself? 
If an author is thoroughly conversant 
with his subject (and he is foolish to 
attempt a paper if he is not), he should 
find no trouble in giving concise expres- 
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sion of the ideds presented in his paper 

without reading it, or even lengthy parts 

of it, and the audience would undoubtedly 

find more interest in listening to the 

speaker than to the reader. 

The time usually taken up in reading 
papers which have been previously dis- 
tributed in printed form could much more 
profitably be spent in discussion, and if 
the members once understand that papers 
will not be read in full, they will form the 
habit of reading them carefully before- 
hand and, consequently, be much better 
prepared for discussion at the meeting. 





The Three Phase Circuit 


The three-phase alternating-current cir- 
cuit is still a good deal of a puzzle to 
the operating engineer whose early train 
ing was obtained in connection with the 
simple two-wire direct-current circuit. 
The attempt at simplification by advising 
that one wire be considered as a common 
return for the other two does not usually 
help matters and vector diagrams merely 
emphasize the confusion. The easiest way 
for beginners to approach the subject is 
to consider the three-phase circuit as a 
consolidation of three simple two-wire 
circuits, as outlined in a recent article* 
on the subject. On this basis each wire 
of the three-phase circuit is the combina- 
tion of two wires of two of the imaginary 
two-wire circuits, one wire of each cir- 
cuit being combined with one wire of one 
other circuit to form the single resultant 
wire of the three-phase circuit. Each wire 
of the two-wire circuits must be 
assumed to have a cross-sectionel area 
equal to 0577 of the cross section of each 
wire in the actual three-phase circuit, if 
the questions of “drop” and energy loss 
are to be considered. 


three 


When one is concerned only with the 
loss in the line, however, the simplest me- 
thod is to assume that the requisite power 
is to be transmitted by a four-wire two- 
phase circuit” The size of wire required 
to transmit a given power at a given loss 
is exactly the same in a three-phase cir- 
cuit as in a four-wire two-phase circuit, 
and by working (on paper) with 
phases instead of three, all of the con- 
fusion as to interlinking of phases is 
avoided. For example, if a twenty-horse- 
power: three-phase motor is to be con- 
nected up for two per cent. loss in the 
line at full load, assume that it is a two- 
phase motor of the same 
efficiency and power factor, and figure the 
line as a two-phase line; then throw out 
one wire of the four and the remaining 
three will be correct for the three-phase 
motor actually to be installed. 

It must be remembered, however, if 
checking the size of wire by the insurance 
requirements, that the current per wire 


two 


horsepower, 


¢ 


*Page 108, Powrr AND THE ENGINEER 10° 
December 22, 1908. 
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s greater for a three-phase than for a 
wo-phase motor of the same size and 
haracteristics; what has been said above 
refers only to voltage drop and energy 
in the line. For example, if the 
twenty-horsepower motor be of ninety 
per cent. efficiency and eighty-eight per 
cent. power factor, and the circuit volt- 
age be 220, the current per wire would be 
fifty amperes for the three-phase motor 
and forty-three for an equivalent two- 
phase machine. The drop and energy loss 
in the circuit would be the same for both 
kinds, with a given size of wire, but the 
underwriters would not allow smaller than 
No. 4 rubber-covered wire for the three- 
phase circuit, while No. 5 would be per- 
mitted for the other. 


loss 





To Improve the Load Conditions 
of a Power Station 


When the load on an electric-power 
station is such that another generating 
unit must .be put in parallel with those 
already running, it is common practice to 
readjust the division of load amongst the 
machines so that the one just “cut in” 
will take its share. There is no alterna- 
_tive to this practice where direct-current 
generators are operated, but if the ma- 
chines are alternators and the load is in- 
ductive, it will frequently be found prefer- 
able to operate the incoming machine 
as a synchronous motor in order to im- 
prove the power factor of the system and 
enable the other generators to load their 
prime movers fully. The condition un- 
der which this method is advantageous 
is the combination of a. low power fac- 
tor and either equality of capacity be- 
tween each generator and its prime mover 
or a preponderance in favor of the prime 
mover, 

For example, suppose that each prime 
mover is just able, at maximum economy, 
to drive its generator at full rated load 
when the power factor is ninety per cent. 
If the power factor should happen to be 
seventy-two per cent. the normal heat- 

of the generators would be 
iched when the prime movers were do- 
ing only eighty per cent. of their maxi- 


ing limit 


Te: 


mum-economy output. Under these con- 
ditions cutting in another alternator and 
dividing up the load between all of them 
would not only reduce the load on each 
prime mover still farther below the eco- 
nomical point but would farther impair 
the power factor of the system. On the 
ontrary, if the additional alternator were 
synchronized, cut in and then allowed to 
1 as a synchronous motor, driving its 
prime mover idle (with steam cut off), 


+ 


its held excitation could be increased so 
to improve the power factor and en- 
le the other prime 


movers to carry 
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full load without overheating their gen- 
erators. 

This interesting question: 
For power stations carrying highly in- 
ductive loads would it not be worth while 
to equip one or more of the alternators 
with a simple dental clutch by means of 
which its prime mover could be discon- 
nected from it when the machine was 
needed as a synchronous motor for rais- 
ing the power factor? 


raises an 





Another ‘“‘ Smoke Consumer ’”” Has 


Made Its Appearance 





In the Dayton (Ohio) Daily News of 
March 22 there appears a reading notice 
heralding the discovery of a compound 
which, mixed with coal to the extent of 
twenty cents’ worth of compound per ton 
of coal, will consume all of the gases 
which cause soot and smoke, and in addi- 
tion will clean the flues of the boiler, the 
inside of the chimney, or stack, and add 
“forty per cent. energy to the coal.” 

It is said that. a satisfactory demon- 
stration was made in the presence of the 
smoke inspector, who remarked: “These 
men have the goods.” 

It has long been known that with a 
properly designed furnace, operated by 
intelligent attendants, smokeless combus- 
tion of the most smoky grades of bitumi- 
nous coal can be accomplished, and it has 
still longer been suspected that human 
brains had more influence in producing 
smokeless fires under boilers than mix- 
tures of salt, lime, calcium carbide, oxalic 
acid, water, etc. 

A manufacturing chemist who was 
burning with his coal a lot of damaged 
salt said: * “There is nothing in salt, 
oxalic acid or water that can add any- 
thing to the heat value of the coal in the 
furnace, but we use lots of these things. 
Do you see this ring? There is and can 
be no connection between this ring and 
rheumatism, but if you have rheumatism 
put on this ring and you forget all about 
rheumatism.” 

It may be the same with the users of 
the new smoke-destroying compound. It 
has no relation in any way to combustion, 
it may even be incombustible, but put it 
on the coal and straightway everybody 
concerned forgets all about smoke. There 
is nothing known to the industrial chemist 
twenty cents’ worth of which mixed with 
a ton of coal will add to its fuel value in 
proportion to its cost and at the same time 
PoWER 
has repeatedly warned its readers against 
the use of these compounds, and it is 
thought in some quarters that the United 
States postal authorities have been negli- 
gent in allowing the mails to be prosti- 
tuted in the service of fraudulent adver- 
tisers of worthless nostrums. 


produce smokeless combustion. 
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The John Fritz Medal Presentation 


The steam engineer, whether he _ fol- 
lows that vocation professionally or in an 
operative capacity, will find a fund of in- 
spiration and interest in the addresses 
which accompanied the presentation of 
the John Fritz Medal to Charles Talbot 
Porter on Tuesday evening of last week,. 
at the Engineering Societies building in 
New York. The steam engine has had a 
greater part in making possible the highly 
developed civilization in which we live 
than any one other factor, and so accus- 
tomed have we become to its benefits and 
advantages that the fact that its applica- 
tion to industry and transportation upon 
any considerable scale covers hardly 2 
almost as a_ revelation 
recalled. The statement of 
of the conditions exist- 
ing at the time of Watt and during the 
early development of the factory engine, 
the steamboat and the locomotive; and 
by Professor Hutton of the influence of 
Mr. Porter's work upon the engine as he 
found it at the middle of the last century, 
will throw a new light upon the relations 
of steam engineering to the world for the 
layman and quicken the interest of the 
engineer in his life’s work. 

The previous awards of the medal have 
been made informally. The institution of 
the simple but impressive ceremonial, so 
much in keeping with the character of the 
man whose imprint the medal bears, is to 
be commended and it is hoped that the 
annual presentation of this medal will be- 
come one of the notable functions in 
American engineering society. 

We congratulate Mr. Charles Talbot 
Porter upon this recognition of his work, 
conferred in the eighty-third year of his 
life, and bearing, as he said in brief and 
dignified acceptance, the expressed ap- 
proval of time. 


century, 
when it is 
Professor Goss 


comes 





Obituary 


John McKay, chief engineer and super- 
intendent of the City Investing building, 
New York City, died Saturday, April to. 





Producer gas, as the term is commonly 
applied, is intermediate between air gas 
and water gas. Air gas is made by pass- 
bed of 
descent carbon and water gas by passing 
such a bed. Pro- 
ducer gas is made by passing air and 
steam together through the bed of incan- 
descent fuel. 


ing air alone through a incan- 


steam alone through 


Air gas is almost entirely 
carbon monoxide; water gas is largely 
carbon monoxide but very rich in hydro- 
gen, obtained by the decomposition of the 
steam. chiefly carbon 
15 to 20 per cent. of 


Producer gas is 
monoxide with 


hydrogen. 








Charles IT. Porter Awarded Fritz Medal 


Mr. Porter’s Pioneer Work on the High Speed Steam Engine Fit- 
tingly Recognized. The Benefits to Modern Industries Pointed Out 
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With simple but impressive ceremonies 
the John Fritz medal was awarded, on 
Tuesday evening, April 13, to Charles Tal- 
bot Porter, the father of the high-speed 
engine. The audience arose as Mr. Porter 
was escorted to the front of the stage by 
Jesse M. Smith, president of the American 
Society of Mechanical Engineers, who ad- 
dressed the chairman, Henry R. Towne: 


PRESIDENT SMITH’S INTRODUCTION 


The John Fritz medal was established 
in 1902 by the profession of engineering as 
a meed of recognition for notable scien- 
tific or industrial achievement. By direc- 
tion of the Board of Award [| present to 
you and to this company the chosen recip- 
ient of the medal for 1908-1909, to whom 


it has been awarded for his work in ad- 
vancing the knowledge of steam engineer- 
ing and in improvements in engine con- 
struction. We thus honor him because he 
was the first to see the possibilities of the 
high-speed steam engine; for his mechani- 
cal genius in the design of parts and de- 
tails to embody these principles, and for 
his insight in recognizing the necessity of 
the very best mechanical construction in 
realizing these ideals. He introduced into 
the development of the power plant an 
idea and an influence which was so revolu- 
tionary as to mark an epoch in the history 
of the art of engine building, and which 
has been as world-wide in its effects as 
has been the use of the reciprocating steam 
engine as a prime mover. Many of the 


present generation have inherited without 


effort the knowledge which it cost Mr. 
Porter many years of painstaking study 
and experiment to establish; many, per- 
haps, use this heritage without a thought 
of or recognition to the pioneer who won 
it for them. 

That he may now receive the John Fritz 
medal, I have the honor to present Charles 
Talbot Porter. 


PRESENTATION AND ACCEPTANCE 
E. Gybbon Spilsbury, chairman of the 
Board of Award, in presenting the medal, 
said: 
Charles Talbot Porter, veteran engineer, 
assiduous student of science and of the 
mechanical arts of construction, skilled 


expert in design of engine details and the 
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application of physical laws to the solu- 
tion of problems in the field of prime 
movers which you made peculiarly your 
own, in the name of the profession of engi- 
neering, and on behalf of the John Fritz 
Medal Board, I do now present you this 
medal, together with an engraved certifi- 
cate of the award, in the presence of this 
distinguished company, and confer upon 
you all the rights, honors and distinctions 
which attach to this 
live long and happily 
ciation which is your 
those whom 
your work. 
Mr. Porter, in accepting the medal, said: 


Mr. Chairman and Gentlemen of the 
Board of Award of the John Fritz Medal: 
I thank you most sincerely for this token 


emblem. May you 
to enjoy the appre- 
due at the hands of 


you have so benefited by 








of appreciation of my work, which is all 
the more grateful to me that it expresses 
the approval of time. 


“THe Dest or Mopern CIVILIZATION To 
THE STEAM ENGINE” 

was the title of Prof. W. F. M. Goss’ ad- 

dress, which was as follows: 

The progress of the human race has 
been marked by the implements it has 
employed. The creation of each new 
utensil, tool or machine has given man 
kind greater freedom of choice, and has 
augmented his power. With the employ- 
ment of mechanical means for driving ma- 
chinery came great influence in manufac- 
tured products; when better means of 
ccmmunication followed, the range of 





man’s activities was extended, and when 
labor-saving processes were introduced 
they brought opportunities for intellectual 
exercise and development. Thus from the 
beginning, invention and the development 
of the useful arts have given new life to 
the activities of man, have created new 
procedures, have led to the establishment 
of new standards of living, have stimu- 
lated speculation and have even directed 
the tendencies of thought. 

Among the factors which have played 
their part in these civilizing processes 
none is more important than steam, 4 
statement which becomes the more signiti 
cant when we reflect that at the time its 
use as a source of power began, the 
world was already old and very many 
potent forces were having their effect upon 
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society. The mass of the great common 
people were making themselves felt and 
heard. They were reading books and 
were showing an interest in science, and 
they were not afraid to undertake new 
enterprises. Dreams of the possibilities 
of steam belong to the day of Addison, 
Steel, Swift and De Foe, when the pub- 
lic was instructed and amused by the 
“Spectator,” the “de Coverley Papers” and 
the stories of those famous adventurers, 
Gulliver and Robinson Crusoe. The day 
of triumphs in English architecture had 
reached its meridian, for Sir Christopher 
Wren had already directed the rebuilding 
of London after its great fire, and was fin- 
ishing its masterpiece by the completion 
of St. Paul’s cathedral. It was a day when 
the American colonies, occupying a fringe 
of territory along the Atlantic seaboard, 
were exercising themselves as became a 
stirring people in a new land, fighting 
their wars and gathering their strength 
for a greater war which was to come. 

Such a period was worthy to usher in 
the era of steam, was in fact waiting for 
it, for though it boasted of brilliant men 
of letters and of great statesmen, there 
was work waiting which it had no means 
of doing. There were no large factories 
in England, because there was no way by 
which their machinery, could be driven. 
Many English mines had been abandoned 
because they were flooded with water 
which could not be removed. For lack 
of cheaper and effective means, 
women and girls were employed in many 
coal mines to convey coal to the surface. 
Where galleries resulted from the work- 
ing of thin veins and head room was 
lacking, women nearly naked crawled on 
their hands and feet and pulled loads of 
coal in cars behind them. 


more 


Again, at the 
shafts, women and girls, early misshaped 
by the severity and monotony of their 
task, toiled up inclines or climbed a suc- 
cession of ladders, each carrying to the 
surface a burden of a hundred pounds or 
more of coal. Suffering and degradation 
was the common lot of the women in the 
mines, and fatalities 
were frequent. 


accidents 
The traveler desiring to 
journey from Edinburgh to London, was 
obliged to intrust his trunk to the skip- 
per of some sailing vessel, and himself to 
proceed on foot or horse, usually in com- 
pany with other travelers as protection 
against outlaws. 

In America, 


through 


many years after the 
period of which I now speak, even within 
the memory of some who live today, the 
pioneer settler, finding it necessary to ‘pay 
a bill or collect an amount in Philadel- 
Phia or Baltimore, not infrequently jour- 
neyed thither on foot from his home in 
Indiana or Illinois, preferring walking to 
riding because he could make more rapid 
progress. The movement of merchandise 
by land was equally laborious, and as a 
result there could be little intercourse in 
trade between the people of different 
communities. Men restricted their re- 
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quirements to those things which they 
could themselves produce, anc in our own 
country at least, the primitive life, while 
not devoid of dignity and_ pleasures, 
missed many comforts and even necessi- 
ties. Travel by sea was even more haz- 
ardous than by land and was attended by 
far greater misery. A traveler from 
England to America in 1819 has mace 
record of the following incidents of his 


trip: 
On January 1, the vessel drifted down 
the Thames. On the third she was 





741 
whence they had started, and on _ the 
twenty-ninth, practically a month after 
leaving London, they again set sail. Soon 


they encountered a period of light winds 
and calms followed by gales so heavy 
that they were obliged to lie for days at 
a time. Then head winds blew and sup- 
plies ran so low that they were all put on 
short rations, until 78 days from London, 
when they had reached the vicinity of the 
Azores, they fell in with an East India- 
man, four years out, homeward bound to 
Boston. The larger ship was well manned, 


CHARLES TALBOT PORTER 


aground, and after some damage had been 
done she was floated again. On the fourth 
anchor was cast off Deal, where the pilot 
was given up. Starting again on the 
sixth, the vessel soon encountered a storm 
lasting for several days, was driven off 
its course, and finally was allowed to drift 
about until a chance pilot boat gave the 
captain his course for Portsmouth har- 
bor, where anchor was cast, the narrator 
feeling, as he says, “like one risen from 
the dead.” The passengers fortified their 
spirits by visiting the English soil from 


well equipped and well furnished, and the 
narrator had the good fortune to get him- 
self transferred to her. Head winds con- 
tinued, however, and a storm of unusual 
wreck this ship 
also, but on April 4 the Indiaman landed 


severity threatened to 


her passengers at Boston, a little over 
three months after the narrator’s start 
from London. 3enjamin Franklin re- 


lates that on a voyage to England the 
captain and passengers were much dis- 
appointed to find that their vessel, which 
had been thought swift, was being over- 
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taken by one which was known to be very 
slow. By way of experiment, the captain 
collected his passengers and crew at the 
stern, with the result that the speed at 
once quickened. A subsequent change in 
the location of a few water casks served 
permanently to make the vessel the fastest 
of the fleet. 

Into the midst of such conditions came 
the steam engine. It first freed the mines 
of England from water, thus reviving in- 
dustries long dormant, giving employment 
to the idle, and increasing the fuel re- 
sources of a nation. It soon began to hoist 
the output of mines, to the relief of thou- 
sands of toiling women who had suffered 
without redress for generations. It turned 
the wheels of factories with a power un- 
precedented, making possible the introduc- 
tion of new systems in manufacture by 
which raw materials might be converted 
into products serviceable to mankind, and 
by so doing became the foundation upon 
which has beén reared the industrial pros-. 
perity of nations. It supplied pure water 
and effective means of sanitation to cities, 
and, supplemented by electric transmission, 
it furnished light, power and heat to offices 
and homes. 

The steam engine is no longer merely 
a center of motion for factories, but is a 
necessary adjunct to the modern home. 
It usurped the place of the wind in the 
propulsion of ships, and they now proceed 
steadily through any sea. Steam also 
serves in the orderly administration of 
ships, in hoisting and handling the cargo, 
working capstans, weighing anchors, sup- 
plying water for sanitation and for fire 
protection, generating electricity for light, 
and transforming the slightest movement 
of the quartermaster’s hand into the 
strong, steadily applied force needed to 
work the helm; it has, in fact, by the 
performance of numerous functions trans- 
formed a slow, uncertain and most un- 
comfortable process of navigation into 
one of the speediest, most certain and 
most delightful means of travel. It has 
supplied means for the safe and speedy 
transportation of people and merchandise 
by land, correlating the activities of cities 
and uniting different communities into a 
single people. 

Steam, through the agency of the loco- 
motive, has carried order and civilization 
into Africa, and has made possible the ex- 
ecution of great schemes for internal im- 
provement on that continent; it has car- 
ried bread to the hungry in India, and has 
served in our country almost as a creature 
of fancy in pointing out to multitudes of 
settlers the way to new lands and new 
homes. It has given shape to the frontier, 
it has carried forward the settlers, and it 
has made it possible gradually to convert 
unsettled territory into populous country 
and untilled lands into productive gardens 
and farms of a continent’s breadth. 

All these achievements wrought through 
the agency of steam are direct contribu- 
tions to the upbuilding of our modern 
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civilization, the keynote of which is ser- 
vice. The service of the steam engine has 
not only enlarged the resources of all 
countries and increased the power of man, 
but by creating facility in communication 
is a tremendous force in modifying social 
life. The ease of present-day travel is a 
characteristic of our modern civilization. 
People of all nations may freely inter- 
mingle. Through opportunities thus af- 
forded State lines are of less significance, 
and the prejudices and limitations of 
communities are lost and forgotten. Busi- 
ness and social interests which are made 
possible between nations are weaving a 
bond of common friendship which is 
world-wide in extent, and which grows 
stronger with every passing year. The 
power of navies and artillery, which has 
so long served to emphasize boundaries 
and separate nations, is gradually being 
supplanted by the power of the steam 
engine which promotes communication, 
makes possible introductions, and stimu- 
lates acquaintanceships, the effect of which 
is to draw people together and to encour- 
age them in an acknowledgment of their 
mutual dependence. Through intercom- 
munication the dwellers on the earth are 
beginning to see that if one nation suffers 
severely all nations are likely to suffer in 
some degree, and they are learning re- 
spect and sympathy for their fellow-men, 
and this is a long step toward world-wide 
international peace. 


“Tue Dest oF THE MopeRN STEAM ENGINE 
TO CHARLES T. PorTER” 


was the title of Prof. F. R. Hutton’s ad- 
dress, which was as follows: 

We have just heard that the John 
Fritz Medal for the current year has been 
awarded to Charles T. Porter for scien- 
tific or industrial achievement under the 
terms of the deed of gift, and that his 
achievement has been to advance the 
knowledge of steam engineering and effect 
improvements in engine construction. 

I am to speak in detail of the character 
of these achievements and improvements ; 
and of the debt that the reciprocating type 
of steam engine at the beginning of the 
twentieth century owes to the pioneer 
work of Mr. Porter in the latter middle 
of the nineteenth. 

This debt may be grouped under four 
heads: 

First, we owe to him the first vision of 
the advantages to spring from the plan 
of making the crank shaft of a steam en- 
gine turn at a high number of revolu- 
tions; or to have the piston make a large 
number of traverses per minute in the 
bore of the cylinder. 

It must be remembered that in 1860, 
when this inspiration came to Mr. Porter, 
the United States was scarcely as yet an 
industrial community in the sense in 
which it became one after the Civil War, 
and after the engineering schools began 
their service following the Morrill Land 
Grant Act of 1862. Great personalities 
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had arisen, such as Haswell and Cope- 
land, Horatio Allen and Ericsson, Stevens 
and Latrobe, Baldwin and Winans; and 
their successes were in evidence. But the 
great milis of New England were run by 
water power, as was the armory at 
Springfield; the great producing plants, 
which grew up subsequent to the war of 
‘61-65 were unthought of. The boy in 
kilts, who like myself had a hankering to 
see the railway locomotive, was escorted 
by a patient maid to the extreme limit of 
the city among the market gardens and 
ruralities of the northern end of the 
Fourth avenue tunnel at Forty-second 
street, and a successful blast furnace was 
in full operation at One hundred and 
Thirtieth street and the Hudson river, 
where the Edgewater ferry houses now 
stand. Sickels, Worthington and Corliss 
were in the first or second decades of 
their productive activity, but had made 
little widespread impress on the manu 
facturing centers. The locomotive and 
the marine type of engine had felt the in 
fluence of master creative minds, but the 
stationary power plant of small size was 
still under the headway of Watt and the 
standards received from England. Eng- 
lish practice grew from the early re- 
quirement of the pumping engine for its 
mines and water works, and the slow 
rotation favorable to pumping, to paddle 
propulsion and to the beam type of trans- 
mission was the heritage of all designers. 

The electrical age had not yet been 
born, for the Faraday discovery of the me- 
chanical generation of electric current 
was still only embodied in a piece of 
laboratory apparatus exhibited with re- 
spectful awe to students of the natural 
sciences, because as yet there was no 
commercial solution to the problem of the 
electric arc and lamp, no filament for the 
incandescent globe and no _ practicable 
motor for the reconversion of electric 
into mechanical energy. No engine de- 
signer of stationary engines for mill or 
factory work cared to speed up the line 
shafting, for the millwright of the day 
was perforce using partly balanced pulleys 
and cast gears with hand-profiled teeth. 
The factory power unit was comparatively 
small because the mill was, also. The 
piston speed was standardized between 
200 to 300 feet per minute, or an engine 
with 2-foot stroke turned from 50 to 75 
revolutions per minute. 

It should not be necessary in this pres- 
ence to do more than to refer to the con 
ditions in the reciprocating-piston pres 
sure motor that the work per minute is 
the pressure P in pounds per square inch 
over an area A in square inches as thie 
force; and that this force moves over a 
space in feet which is the length L of the 
piston traverse in one stroke multiplied by 
the number N of such traverses. Nor to 
the fact that the factors which give weight 
and bulk to the motor are the length L 
and the area A. To increase N adds lit- 
tle to the weight and inappreciably to the 
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bulk; and to increase P necessitates in- 
creased strength of parts, but adds noth- 
ing to cylinder diameter or length, but 
may enable both to be reduced. By his 
recognition and advocacy of the sectional 
poiler with tubes inclined from the verti- 
“al as made by his associate, John F. 
Ailen, Mr. Porter helped to raise initial 
steam pressures; by increasing the rota- 
tive speed from 50 or 75 turns per min- 
ute to 150 per minute, he initiated the era 
of the high-speed steam engine. 

From this seed thought of reducing the 
weight of the motor per horsepower have 
grown many stately plants of modern day, 
in the sight of whose blossoms we some- 
forget the hidden roots. Or, to 
change the figure, there are many struc- 
tures which rest upon this idea as their 
foundation, whose appeal to our instant 
recognitions makes us forget that they 
are upheld by this early vision of our 
guest. The direct - connected 
dynamo to be later referred to; the high- 
speed steam launch, the motor vehicle, 
the aéroplane, all rest upon the concept of 
diminished weight per horsepower capa- 
city. Someone may say that this is so 
obvious that engineers could not help see- 
ing the principle. Granted. But it was 
given to Mr. Porter to see it first, as far 
back as 1860, and to make the hard fight 
necessary to secure its recognition. All 
honor to the man who sees a truth for the 
first time, and before it has been revealed 
to all! 

The second debt we owe Charles Tal- 
bot Porter is for recognition of the truth 
that the problem of mass-accelerations for 
the reciprocating parts was a vital one, 
and success was bound up in solving it 
aright. When the pumping-engine pis- 
ton or that of the paddle-wheel boat mak- 
ing 30 revolutions a minute, with 8-foot 
stroke, starts from rest, the moving masses 
have the time of one-half stroke to reach 
the velocity of the uniformly revolving 
crank. This is approximately one-half 
second. The force necessary to impart 
this stored energy is the product of the 
mass accelerated into the half square of 
the velocity per second. When the time 
of one revolution is changed from the 
speed of 30 per minute to 150 per minute, 
the time for acceleration becomes one- 
fifth of what it was before, or it must be 
effected in one-tenth second; and the 
force to store this greater energy in- 
creases as the squares of the velocities if 
the masses are the same. Hence the fact 
first observed and worked out by Mr. 
Porter, that the push of the steam in the 
cylinder only reaches the crank pin after 
the work of acceleration has been com- 
pleted. This also has become a common- 
place of the textbooks, and a platitude of 
the computing designer. Mr. Porter’s 
graphical method of solution by super- 
posing the steam effort P A upon the ac- 
celeration resistance diagram is every- 
where now in use. But he used it first: 
and we owe him this debt. 


times 


honored 
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The third debt which we owe to Mr. 
Porter is his recognition of the fact that 
the high rotative speed and the problem 
of mass acceleration compelled a stand- 
ard of mechanical construction for the 
steam engine which was far ahead of the 
standards and practice of his time. This 
is perhaps the greatest unshared obliga- 
tion of all. It would not do for the crank 
pin to be oval, or with axis inclined to 
the plane of connecting-rod effort. It 
would not do for the shaft to bear only 
upon a group of segregated points in the 
bearing. The crank pin must not flex to 
bring pressure upon an area much less 
than that computed as necessary for effec- 
tive lubrication and consistent with long 
life and cool running. The crosshead must 
not bump along in contact only with high 
places upon the guides; the latter must 
not be warped surfaces, flexing and twist- 
ing the connecting rod in its work. Valve- 
rod pins must bear over their whole length 
and projected areas; joints in the gov- 
ernor must be drilled in parallel planes 
so that the pins shall not twist and bind 
and retard the governor action. Platitudes 
and commonplaces of engine construc- 
tion, do I hear anyone say? Indeed, yes, 
for the twentieth century, but they are so 
because Mr. Porter first made them 
obvious. These were not recognized in 
1860; that they are now is because of 
painful uphill effort against shop inertia 
and the conceit of the craftsman of that 
date. All honor to Mr. Porter for mak- 
ing these visible to us for the first time. 

In this same class are his recognition 
of the advantages of the double crank un- 
used before for stationary practice, and 
now so usual in the high-speed center- 
crank engine; his initiative in the matter 
of automatic lubrication of bearings both 
stationary and moving; the utilization of 
centrifugal force to compel oil to go where 
desired and needed and to prevent its 
creeping where it was not wanted. These 
are universal now; their design was a 
creation by Mr. Porter in 1860. The de- 
sign of bed plate with a sweeping curve 
from the plane of the guides forward to 
the plane of the path of the crank pin, 
claimed usually as the “Tangye” bed by 
British writers, is Mr. Porter’s idea, and 
the overhanging cylinder attached to the 
bed at its crank end and free to expand 
toward the head end without deformation 
is a Porter form, as is the collarless crank 
pin with a protecting cap-plate, held in 
place by a tap bolt. It is given to few to 
have their creations so complete when 
they leave their hands for the first time. 

Our fourth obligation to Mr. Porter is 
for his creation of a form of steam-engine 


condenser with an air pump capable of: 


being directly driven at high speed of 
piston traverse from the piston rod of a 
high rotative-speed engine. This design 
originated the cigar-ended or conoidal- 
ended plunger moving in and out of a 
mass of water within the chamber, so that 
the quiet surface of the water rose and 
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fell, acting as a water piston to create and 
maintain a vacuum above it, without clear- 
ances or piston packing. The jet con- 
denser was above the plunger, and the hot- 
well was beside the injection chamber. 
The bottom of the latter or the condenser 
proper had an inclined bottom, so that the 
water would be drawn out first through 
the foot valve, and the air follow it later 
in the stroke. The water joining with 
that of the water piston in the lower part 
of the lower chamber would pass out into 
the hotwell through the discharge valve 
last, the air going first from the upper 
part of the chamber so that the tendency 


for the water to aérate and foam was 
greatly lessened. Mr. Porter considers 
this pump one of his most notable 


triumphs of that day; and it is a common- 
place of the pumping practice of today. 

And, finally, we owe to Mr. Porter the 
origination of the earliest form of isochro- 
nous governor. Historically, this was one 
of his earliest ideas. It was to modify the 
conical pendulum as applied to regulate 
an engine, so that the force to bring 
down the balls of the revolving pendulum 
should be greater than that due to gravity 
upon the mass of the balls themselves: 
and to eliminate the friction which had 
been caused in the joints of a governor by 
the inertia of the mass required to give 
necessary power, when such was 
placed in the revolving balls. This change 
in previous design made it possible to 
speed up the spindle and revolving balls, 
and both speed and diminished friction 
added enormously to the sensitiveness of 
the spindle type. But not alone do we 
owe to Mr. Porter the central-weight de- 
sign; we owe to him farther the idea of 
using a spring having an initial tension to 
force the revolving balls inward against the 
tendency they manifest to follow the tan- 
gent and fly outward. While first de- 
signed for a marine-engine governor, to 
be independent of position of the spindle, 
it is the basal idea used later by Hoadley, 
by Sweet, and all designers of shaft 
governors as their underlying scientific 
principle, until the inertia concept came 
uppermost in the designs of Francis A. 
Rites and others. It underlay, also, the 
molded spring designs of Waters and 
Pickering. 


mass 


What, therefore, we do tonight and have 
done in awarding the John Fritz medal is 
to recognize the debt of our age to Mr. 
Porter: 

(1) For his vision of the high-speed 
steam engine. 

(2) For his vision of the principles of 
mechanics which underlay success with it. 

(3) For his setting a standard of me- 
chanical truth and constructive excellence. 

(4) For his creation of two types of 
isochronous or sensitive engine governor, 
each as nearly isochronous as is consistent 
with stability. 

I must not 
references; 


close without two farther 
the first is the debt which the 


profession owes to Charles B. Richards, 
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ingenious mechanic, skilled designer and 
originator of the Richards form of the 
steam-engine indicator, present with us 
tonight as an honored guest. He created 
this at the urgence of Mr. Porter, to meet 
the demand for a steam-engine indicator 
capable of giving a reliable record of 
pressures in the cylinder of a high-speed 
steam engine. His concept of a multiply- 
ing parallel motion whereby a stiff spring 
and small piston motion with light masses 
should be used has underlain the deriva- 
tives which have replaced his early de- 
sign. I am reminded by Mr. Porter that 
Mr. Richards also designed the first Allen 
engine bed, and the engines of the Colt 
armory, now running after more than 40 
years, a most bold and successful achieve- 
ment. May he live long to enjoy the 
esteem of his associates and fellow 
workers. 

The other reference is to John F. Allen, 
who has gone to his reward, so that the 
tribute of this gathering must be only as 
a wreath upon his tomb. I do this the 
more gladly since it has been requested 
of me by Mr. Porter himself. 

To Mr. Allen we owe the elegant in- 
vention of the single-eccentric link and 
four-opening valve, with pressure plates, 
to secure elimination of friction pressure. 
He gave to the slotted eccentric strap an 
adjustment which equalized the pressure 
diagrams taken from the opposite ends of 
the cylinder, at every point of cutoff, and 
retained, with a simpler and_ positive 
mechanism the features of constant re- 
lease and compression with variable 
point of .cutoff, which up to then were 
the exclusive prerogatives of the liber- 
ating system. These are today features 
of every high-speed engine gear. He 
gave to the locomotive the double- 
port opening property by the use of 
the hollow channel over the back of 
the shell; he designed a sectional water- 
tube boiler, in which how tumultuous 
soever might be the circulation of water 
and steam gas, the tube could never go 
empty. He invented a riveting machine 
using either pressure or percussion to up- 
set the metal, and a high-speed air com- 
pressor to be its adjunct. I am glad to 
connect up to Mr. Allen these factors 
of his ability, which meant so much when 
the engine of the seventies and eighties 
became known as the Porter-Allen engine. 


“THe Dest oF THE ERA oF STEEL TO THE 
HIGH-SPEED STEAM ENGINE” 

was the title of Robert W. Hunt’s ad- 

dress : 

Naturally, I feel honored by having 
this opportunity to represent the Ameri- 
can Society of Civil Engineers and the 
American Institute of Mining Engineers, 
in this first ceremonial presentation of the 
John Fritz medal. Aside from any per- 
sonal equation, I am glad that such a 
manner for the bestowal of the medal has 
been inaugurated, and I sincerely hope 
the custom will be maintained for all 


POWER AND THE ENGINEER. 





future presentations. I regard the re- 
ceipt of that medal as one of the highest 
honors which can be paid an engineer, 
and it is fitting that its presentation should 
be attended with an impressive but sim- 
ple dignity, typical of the men in whose 
honor the medal was established. As 
you will recall, this was done, and the 
necessary fund secured, as one of the 
surprises given Mr. Fritz by his  un- 
countable friends upon the celebration of 
his eightieth birthday. All who know him 
appreciate that his modesty would have 
prevented his having taken such action 
of his own volition. That he may live 
to participate in the bestowal of the medal 
for many years to come, is our earnest 
prayer. 

I suppose if a man will only live long 
enough, his life will certainly cover some 
more or less eventful periods. It seems 
to me that my life must have been a very 
long one, or else the world has been more 
than busy during its continuance. It has 
been my fate to have been in touch with 
the happening of a lot of things, and 
some of them have been connected with 
the solutions of iron and steel problems. 
I have witnessed the development of 
bessemer steel from its struggling birth 
through its tremendous, almost unbelieva- 
ble, growth up to its now suggested de- 
cadence. Practically all of those accom- 
plishments were made possible by a more 
rapid application of power. 

Perhaps because the smelting of iron 
and its subsequent manipulations were 
titanic in character, and because man was 
habituated to slow movements, it was im- 
perative that the early processes should 
have been deliberate; at all events, the 
original ones were so. The first power 
applied in the industry beyond that of 
man, came from the slow-turning water 
wheel; later, from the slow-speed steam 
engine. As developments required faster 
movements, it was obtained through 
accelerating gears and belts. 

Among the first, if not the first, engi- 
neers to make direct attachment of ‘a 
rolling-mill engine to its train of rolls, 
were John and George Fritz. They thus 
avoided the expensive and_ frequently 
breaking intermediate gears; but the prac- 
tical speed of their comparatively short- 
stroke engines was limited, and, so far 
as I know, Charles Talbot Porter was the 
first one to give the rolling-mill engineer 
a controllable, direct-connected, economi- 
cal high-speed engine. 

In 1876, I was general superintendent 
of the Albany & Rensselaer Iron and 
Steel Company, of Troy, N. Y., to which 
organization Alexander L. Holley was 
consulting engineer. One of the com- 
pany’s buildings had been used as a pud- 
dle and top-and-bottom mill, with its 
necessary puddle and heating furnaces, 
rolls, etc. The substitution of the manu- 
facture of steel in place of iron rails 
threw this plan out of commission, and it 
was determined to convert it into a 
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bessemer merchant-steel mill. The pud- 
dle and top-and-bottom mill had been 
driven by a walking-beam low-pressure 
engine which had been removed years be- 
fore from the steamboat “Swallow,” fol- 
lowing its historic wreck on the Hudson 
river. The engine stood between the two 
trains and ran at from 35 to 40 revolu- 
tions per minute, the speed of the rolls 
being increased through heavy gears. 

The possibilities of the adaptability of 
bessemer steel for uses other than rails 
had been so fully demonstrated by the 
European exhibits, notably those from 
Sweden, at the Philadelphia Centennial 
exposition, that our company decided, as 
has been stated, to take up its manufac- 
ture, and, acting under Mr. Holley’s ad- 
vice, put in two three-high mills, driven 
by Porter-Allen engines; a 22x36-inch 
one for the 16-inch train, and an 18x3o- 
inch one for the g-inch train of rolls. | 
believe those were the first of Mr. Porter's 
engines applied to the driving of iron or 
steel rolling-mill rolls. These new mills 
were located in the south end of the old 
puddle-mill building; the old “Swallow” 
engine and trains were in its north end, 
and we subsequently remodeled the trains 
and used them for rolling steel. To see 
the “Swallow” engine performing its 
duties with so great seeming deliberation 
at one end of the building, while in the 
other end Mr. Porter’s two little engines 
were humming away and accomplishing 
much greater results, was an educational 
sight. 

We frequently rolled light-section steel 
rails on the 16-inch train, and were so 
doing when Mr. Porter made us the visit 
mentioned in his “Engineering Reminis- 
cences.” He relates that our president, 
Erastus Corning, while standing with him 
watching the operation, asked a boy, prob- 
ably a “water boy,” “why they were not 
feeding the billets to the rolls faster.” 
The boy replied: “Because the gentlemen 
at the hooks could not catch them, sir.” 
The fact that the “gentlemen” of not only 
that mill, but also at our regular steel-rail 
mill rolls, could not work faster led me 
to put in the power-driven tables, which 
have since in their development done so 
much to make possible the tremendous 
output of American rail mills. 

This first use of Porter-Allen engines 
was followed rapidly by other parties, 
until direct-acting high-speed engines be- 
came the typical American rolling-mill 
type, and I take this occasion to put on 
record the great debt which iron and steel 
engineering owes to Charles T. Porter. 
It has been my good fortune to claim him 
as a friend for many years, and from 
the first | have known him and esteemed 
him as I do now, as a high- and simple- 
minded, clean-living man, and a profound 
student. The heavy hand of time has per- 
haps taken from him a former additional 
appellation, which was truly his, that of a 
hard worker, but if ever a man earned the 
right to rest, it is he! 
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“THe DEBT OF THE ERA OF ELECTRICITY TO 
THE HIGH-SPEED STEAM ENGINE” 
was the title of Frank J. Sprague’s ad- 

adress: 

Mr. Chairman, guests of the evening, 
Jadies and gentlemen: It is a trite saying, 
but often true, that expectation\is better 
than realization, and hence due considera- 
tion for the comfort and pleasure of an 
audience sometimes, and in. this instance 
surely, warrants a late speaker in first ac- 
knowledging the truth of the obligation 
declared in the subject set for his remarks, 
and then as promptly as permissible dis- 
missing consideration of it. This is a 
liberty accorded at a time of general re- 
joicing, when pessimism may be thrown to 
the winds, and dry statistics consigned to 
temporary oblivion. A 

It has been said that every stable gov- 
ernment should have, and is benefited by 
a sizable national debt; and with that 
happy disregard of the fact that like busi- 
ness fundamentals should govern private 
and public business, our political sponsors, 
representatives and executors cheerfully 
pile obligation on obligation for the sta- 
bility and happiness of posterity. 

So tonight, in interested humility, we 
have listened to many tales of the debts 
of our industrial development to the high- 
speed engine, until they have piled up 
so high as to awaken the envy of a 
national treasurer complacently facing a 
$100,000,000 deficit. I am sure that our 
esteemed confrere, the honored guest of 
the evening, must at times have felt as 
did our patron Croesus when he first se- 
curely established his prior lien on a great 
industry, and perhaps, in an ecstatic im- 
pulse of generosity he would be inclined, 
if only these debts could be cashed in, to 
establish a Porter Foundation for the 
Benefit of Indigent and Superannuated 
Engineers. 

The connection of Charles Talbot Por- 
ter, individual, with the electrical industry, 
has not been directly a wide one. It is 
nearly fifty years since he, an American 
engineer, sought for his hunting ground, 
not Mombasa, or the country of the blue 
Nile, but the home of Watt, in the very 
fastnesses of insular prejudice and com- 
placent engineering authority. His ex- 
perience in combating for six years cer- 
tain preconceived notions and practices 
has already been most eloquently told, 
but I may recall the fact that in 1867, at 
the French exhibition, he installed with 
British aid two Porter-Allen engines, the 
only high-speed machines, I believe, there 
exhibited, to drive generators for supply- 
ing current for lighthouse apparatus. 
While these engines were not directly 
coupled, it is a curious fact that the piston 
speeds and revolutions were what is com- 
mon today in isolated direct-coupled 
Plants. At that same exhibition a 500- 
revolution engine was also installed, and 
this was sometimes operated without load 
at over three times this speed. In the 
dozen years succeeding his return to the 
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United States, Mr. Porter built many en- 
gines for various purposes, most of them 
having certain common characteristics, 
high piston speed and revolutions, solid 
engine bed, overhung cylinder and bab- 
bitted bearings, but in all this time there 
was no electric driving until a contract 


was made for engines for this purpose in- 


Philadelphia. 

About this time appeared a “wizard.” 
It was once said that engineers consti- 
tuted “the best educated set of damn fools 
in the world,” and I suppose among us 
we must include that class known specifi- 
cally as inventors. Now there is a very 
narrow margin between the wizard and 
failure, on one hand, and eminent success 
on the other. Happily, in this case, the 
middleman was Thomas A. Edison, for 
whom, about 1880, Mr. Porter installed a 
high-speed engine in the laboratory at 
Menlo park. Shortly after, when planning 
the installation of the Edison station, first 
district, at Pearl street, New York, Mr. 
Edison decided upon an equipment of so- 
called steam dynamos, later familiarly 
known as “jumbos,” each to be independ- 
ently driven by a direct-coupled engine. 
As a consequence, Mr. Porter was invited 
to construct the first of these engines, 
and it is a curious commentary that in 
this particular combination he, in a gen- 
eral way, reversed the ratio of weights 
for engines and dynamos, the proportion 
being about 7 to I in favor of the engine. 
It. is needless to dwell upon the vicissi- 
tudes of that first installation, or the 
changes which were necessary; both ap- 
paratus and plant have passed into his- 
tory. But I may remark in passing that 
high engine revolutions is simply a func- 
tion of high piston speed and length of 
cylinder, and that in some of our great- 
est installations, that of the Fifty-ninth 
street Interborough station, which marks 
the acme of this type of installation, high 
piston speed has been accomplished by a 
comparatively low speed of revolution, 
but with direct-coupling because of the 
great size of the electric generators. For 
this class of service the reciprocating en- 
gine is now on a fast descending scale of 
use for all new work, and the more 
modern turbine, the outcome of the work 
of Parsons, Curtis and others, will reign 
supreme. 

Debt there has been, and a large one, 
of electric development to the high-speed 
engine, but I am sure that our friend will 
agree with me that all sound bookkeeping 
must show a credit entry for every debit 
one, and in that generosity of heart char- 
acteristic of all éngineers imbued with 
catholicity of spirit he will admit that, 
whatever that debt, it is being repaid in 
royal fashion. Let us think, then, not of 
debtor and creditor, but of a close part- 
nership, in fact an industrial marriage, 
one of the most important in the engi- 
neering world, that of the prime mover 
and the electric generator. 

The world traveler, sailing into the 
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harbor of Kobe, on the southern coast of 
Japan, and forgetting for a moment the 
specter of war so assiduously cultivated by 
impressionable and bombastic statesmen 
will, if favored by happy circumstances, 
find himself in the presence of an impres- 
sive sight; for some six miles inland, ap- 
parently floating on a bed of fleecy 
clouds, he will see the snowclad summit 
of a great volcano, once a terror but now 
extinct, Fujiyama, the sacred mountain 
of Japan, famous alike in history and 
in art. 

It is many years since, on a summer's 
day, while I lay exhausted half way up 
its rugged slopes, I saw far below me a 
man and woman, attended by native 
guides, laboriously working their way over 
the sand and scoria which deeply covered 
the mountain sides. Curiosity as well as 
fatigue impelled me to await the com- 
ing of, naturally, two Americans, a profes- 
sor in the Imperial College of Tokio and 
his wife, the first white woman, I believe, 
who made this difficult ascent. This 
chance meeting ripened soon into a friend- 
ship which afforded me an early oppor- 
tunity to learn of a graceful sentiment 
characteristic of the inner life of a re- 
markable people, for shortly after, on the 
occasion of a marriage anniversary of my 
friends there was presented to them by a 
Japanese servant a beautiful picture of 
the great volcano, and a poem congratula- 
tory of their married state. This latter 
likened the man to the majestic moun- 
tain, in all its dominant strength and over- 
powering grandeur, and the wife to the 
beautiful Lake Biwa resting in happy 
security beneath the protecting shadows 
of her consort, fed from his melting 
snows, and mirroring and reflecting from 
her pure and placid bosom with unalloyed 
truth, sunshine and shadows, the chang- 
ing moods of her mate, each a comple- 
ment of the other, both necessary for a 
harmonious unity. 

It is a far cry from the inland sea to 
the Atlantic coast, from a bamboo house 
in the Flowery Kingdom to the prosaic 
meeting place of the engineer in Manhat- 
tan, but deny it who may, clothe our feel- 
ings as we will, the real engineer is at 
heart a sentimentalist, a man of imagina- 
tion, and the thought of perfect union and 
the resultant harmony expressed by that 
Japanese boy is ever present with us, and 
is a vital force underlying the determina- 
tion of the elements of every great engi- 
neering work. 

Our engineering fraternity is a “schat- 
chen,” a universal marriage agent, and 
engineers the world over are the most 
prolific, persistent and generally success- 
ful matchmakers. Who else in our social 
structure is so indefatigable and so con- 
scientious in preparing for coming unions, 
so solicitous that the principles shall be, 
in sound health, each physically mated 
to the other, each able to assume the full 
share of joint duty, and so temperament- 
ally harmonious that whatever that duty 
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there shall be no complaining? And in 
all our clientele is there any more per- 
fect example of an industrial marriage 
than the modern high-speed direct-con- 
nected electric generator, any more beauti- 
ful, enduring and graceful monument of 
engineering skill? 

Let the busy cynic come away from 
bank and mart, from press and ticker, 
from club and sport; and woman, too, 
from household cares and the social whirl, 
from matinee and bridge, from astrology 
and the suffragette; and learn a lesson 
from our humble friends in a great cen- 
tral station, at the starting of their career 
in housekeeping. The courtship has been 
a long one, and the marriage ceremony 
perhaps a little tedious. The groom, for- 
saking the early tenets of his slow-moving 
ancestors, and impelled by an_ innate 
consciousness of virility vital to meet his 
coming burdens, has awakened to the 
necessity of a quickened life, while the 
bride, in early life a little flighty and ner- 
vous, has sobered down to a realizing 
sense of her new responsibilities. Like 
the ostriches, they are mated for life; 
there may be grief and disaster, but there 
will be no divorce. 

How is it these two machines have come 
together, economizing space, increasing 
economy, augmenting capacity, reducing 
investment and increasing dividends? Is 
this final result the work of any one man? 
Would the electric art have stood still 
were there no high-speed engines? To 
both questions we must answer, No. The 
truth is that here were two machines des- 
tined to be joined in some fashion. One 
was, in its early development, when used 
for stationary purposes, normally a slow- 
speed machine, the other a high-speed one; 
and so constructed that the only connection 
was through countershafts, gearing and 
belts. Every practical consideration, espe- 
cially when considering central-station 
operation, pointed to the necessity of elim- 
inating all extraneous devices between the 
two, and hence augmenting the speed of 
one and reducing the speed of the other 
until they could be physically united. And 
in this development every advantage had 
to be taken of the possibilities of each, 
and likewise due heed paid to their indi- 
vidual limitations. Primarily and largely 
due to Porter, the high-speed possibilities 
of ‘the former were commercially demon- 
strated before the necessity arose for re- 
ducing dynamo speeds to coincide with 
engine requirements, although in the great 
commercial and mechanical development 
each machine has been indebted to the 
other, but all honor must be paid and 
credit given to the men who first blazed 
the way for the present possibilities. 

In every industrial development there 
appears at some time an engineer with 
imagination, courage and foresight, who 
defies chance, courts failure, and embraces 
opportunity. He may not clearly see the 


goal to which he is aiming, he may be 
unconscious of the full measure of the in- 
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flence of his work, but somehow he is im- 
pelled by certain primal convictions which 
in the face of every discouragement lead 
him onward. It is to the man and the 
men, then, not to the machine, that the 
modern industrial development is indebted. 
It may be true in this case that the ma- 
chines which bore the brunt of early de- 
velopment, and the men who staked their 
all upon it, may have disappeared as prac- 
tical factors in the present status of the 
art. Newer makes of machines, improved 
and widely different governing apparatus, 
entire abolition of the reciprocating en- 
gine for great central-station units, may be 
the verdict of history. The spirit, how- 
ever, which blazed the way never dies, and 
the names of Porter and Allen, Arming- 
ton and Sims, Sweet, and a host of others, 
will be linked in industrial history with 
those of Parsons and Curtis. 

It is precisely such occasions as this, 
and such honorary tribute as mark to- 
night's gathering, which happily commem- 
orate the early sacrifices and influence of 
the pioneer. And so on behalf of the 
electrical profession, | extend hearty con- 
gratulation to Charles Talbot Porter for 
the honor which has, by the verdict of his 
brother engineers, so deservedly come to 
him. 


DISTINGUISHED GUESTS PRESENT 


Seated upon the platform were Henry 
R. Towne, who presided; E. Gybbon 
Spilsbury, chairman of the Board of 
Award; Prof. Charles B. Richards, who 
was associated with Mr. Porter in his 
earlier work, and who invented the Rich- 
ards indicator to make it possible to indi- 
cate his high-speed engine; Jesse M. 
Smith, president of the American Society 
of Mechanical Engineers; Sir Charles 
Algernon Parsons, inventor of the steam 
turbine; John FE. Sweet, Rear Admiral 
George W. Melville, James C. Brooks, 
president of the Southwark Foundry and 
Machine Company, present builder of 
the Porter-Allen engine; Rear Admiral 
George W. Noble, Former Chief Engineer 
Wallace, of the Panama canal; James 
Douglass, past president of the Mining 
Engineers; George G. Ward, representing 
the Institution of Electrical Engineers of 
Great Britain; Charles L. Clarke, of the 
Mining Institute; George H. Pegram, of 
the Interborough, who installed the first 
dynamos in this country having connected 
engines; M. Pickler, a Hungarian engi- 
neer and old friend of Mr. Porter; Charles 
Warren Hunt, secretary of the American 
Society of Civil Engineers; Schuyler 
Skaats Wheeler, ex-president of the 
American Institute of Electrical Engi- 
neers; and Prof. F. R. Hutton, Prof. W. 
F. M. Goss, Robert W. Hunt and F. J. 
Sprague, the orators of the evening. 

Telegrams from John Fritz and E. D. 
Leavitt, letters from William H. Maw, 
editor of Engineering, from: “All Hoyle,” 
and a former apprentice at the Southwark 
Foundry and Machine Works during Mr. 
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Porter’s time, together with cablegrams 
from the Iron and Steel Institute, Institute 
of Mechanical Engineers, and the Institute 
of Civil Engineers were read. 





Help Wanted 


Advertisements under this head are inserted 
“= cents per line. About six words make 
a line. 


WANTED—Thoroughly competent steam 
specialty salesman; one that can sell high- 
grade goods. Address “M. M. Co.,’” PowEr. 


AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago 


WANTED—Man familiar with repairing and 
erecting of steam engines and boilers. Must 
be capable and quick. A fine position in New 
te City open to the right party. Address ‘“‘ H. 

, Box 22, PowEr. 


WANTED— Man with $5000 to _ invest. 
Must have executive ability and undquestion- 
able honor. To take charge of power plant 
department of engineering company. Give 
references and experience. - Box 19, Powrr. 


WANTED—By manufacturer, thoroughly ex- 
perienced man to sell hangers, shafting and 
transmission machinery in New York City 
and vicinity. Must be capable, energetic. 
We 7 the best man in this line of business. 

“J.C. D.,” Box 36, Power. 


WANTED—One or two experienced sales- 
men in line of engines, boilers, tanks, pumps 
etc., thoroughly acquainted with market in 
and around New York City. Only experi- 
enced men wanted. Good positions open for 
right men. Box 37, Power. 


WANTED —First-class salesman, must have 
established trade among steam users in engi- 
neers’ and factory supplies in Greater New 
York and vicinity. Fine position for right 
man. Box 35, Power. 


Situations Wanted 


Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 


WANTED—Position as engineer. Experi- 
enced with condensing engines, steam turbines, 
water tube boilers, d.c. and a.c. up to 33,000 
volts. Box 34, Power. 


Miscellaneous 


Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 


PATENTS secured promptly in the United 
States and foreign countries. Pamphlet of 
ae sent free upon request. C. L. 
Parker, Ex-examiner, U. 8S. Patent Office, 
Mecill Bldg., Washington, D. C. 


For Sale 


Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 


LARGE LOT second-hand Bundy traps, Te- 
built with my improvement; better than 
new. W. H. Odell, M. E., Yonkers, eS 4 


GET THE MEAN PRESSURE of diagrams 
by “Bill,” the best planimeter; $1.50 to re 
Eyermann, Consulting Engineer, Du Bois, Pa. 


FOR SALE—20x48 Wheelock engine and 
two 72”x18’ high pressure tubular boilers {a 
good condition cheap. Address “Engineer, 
Box 2, Station A, Cincinnati, Ohio. 


FOR SALE—One Lane & Bodley Corliss engine. 
1u0 horsepower, 14-inch cylinder, 36-inch stroke, 
85 revolutions per minute, 80 to 100 pounds 
yressure; flywheel: 19-inch face, 10 feet diameter. 

his engine has been thoroughly overhauled 
and cylinder re-bored. One 50-kilowatt, 220 
volt, 133-cycle, 1400 revolutions per minute, 
single-phase, Fort Wayne generator, with ex- 
citer and rheostat. One marble switchboara. 
Twelve feet 37-inch shafting, belts, ete. Ches- 
tertown Light & Power Co., Chestertown, Ken’ 
county, Maryland. 
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Power Plant of West Point Military Academy 


A Gilt-edge Lighting and Heating Plant. 


Test Record Shows 


Remarkable Thermal Efficiencies for Noncondensing Engines 





Since March, 1802, West Point has been 
the seat of the U. S. Military Academy, 
which is located on the west bank of the 
Hudson river about 50 miles above New 
York. The reservation extends for about 
three miles in a north and south direc- 
tion with the principal buildings located 
.in the immediate vicinity of the parade 
ground, which is located upon a_ broad 
plateau about 150 feet the river 
During the past few years Con- 


above 
level. 


bachelor officers’ quarters, cavalry and 
artillery stables and barracks, quarter- 
master’s storehouse, riding hall, power 


house and other buildings of less import- 
ance. 

Extending to the north and south from 
the parade ground the main roads afford 
means of reaching the officers’ quarters, 
while at the end of the 
post are grouped the stables and barracks 
for cavalry and artillery companies sta- 


extreme south 


As first proposed the power plant was 
to supply steam as well as electricity to 
all of the buildings, but as the buildings 
at the ends of 
the post were separated by a distance of 
over two miles, steam distribution through 


extreme north and south 


tunnels was out of the question, so that 
it was decided to restrict the distribution 
of steam to the buildings bordering upon 
the parade, the only large buildings not 
reached being the cavalry and artillery 





ahs 





FIG. 1. THE WEST 
gress has appropriated a total of 714 mil- 
lions of dollars for the enlargement and 
improvement of the academy, this being 
made necessary by an increase in the corps 
of cadets from which most of the com- 
missioned officers for the army are ap- 
pointed. With this large appropriation it 
Was proposed to build a new cadet head- 
(uarters, cadet barracks, hotel, academy 
building, administration building, chapel, 


POINT POWER 





HOUSE MERGED IN THE 


at West Point. At the extreme 
north end of the post +s tlfe hospital and 
site of the proposed houses for enlisted 
men. North of the parade and alongside 
of the river is a flat low-lying plain level 
with the railroad tracks and on the grad- 
ual slope from the parade above to the 
plain are located the quartermaster’s build- 
ings, shops and barracks for army-service 
detachment and barracks for the band. 


tioned 


PICTURESQUE FACADE OF 





THE POST 


stables and barracks at the south end of 
the post, and the quartermaster’s stores 
and other smaller buildings to the north. 
These are to be taken care of by sepa- 
rate plants, either by hot water or by 
steam arranged on a gravity system. 
Consequently, the proposition was to de- 
sign a plant sufficient in capacity to warm 
and ventilate the large buildings of the 
central group then proposed and to fur- 





748 


nish electricity for lighting and for power 
purposes for the entire post, the plant to 
be of sufficient size to permit of future 
installations should the corps of cadets 
increase to 1200. Provision must also be 
made for the storage of 4500 tons of 
anthracite coal in the plant. 

A study of the plans for the various 
buildings seemed to indicate that about 
3000 horsepower would be required for 
warming and ventilating the buildings and 
supplying hot water for bathing purposes, 
with a possible increase of 600 horsepower 
required by the increase in the corps men- 
tioned. The estimated electrical load ap- 
peared to be about 1200 kilowatts for the 
buildings immediately contemplated, and 
about 200 kilowatts additional for the in- 
crease. 

Several locations for the power plant 
were considered, but the logical site from 
an engineering standpoint seemed to be 
on the low-lying land between the rail- 
road and the river. Here the underlying 
rock sloped off so quickly that proper 
foundations could not be secured, but it 
was finally decided to blast out a pocket 
in the rock over the southern entrance to 
the railroad tunnel and there locate the 
power house. Under the circumstances, 
this was undoubtedly the best thing to do, 
although it must be admitted that the cost 
of such construction would undoubtedly 
‘tbe prohibitive for an ordinary power 
plant. The unusual arrangement of the 
building will be noted in Figs. 1, 2 and 3. 
It will be seen in Fig. 4 that the chimney 
is to be concealed in the tower of the rid- 
ing hall which is soon to be built, and in 
Fig. 2 that a tunnel has been provided for 
the mechanical handling of coal either 
from rail or water delivery, and for the 
disposal of ashes in the tower noted at the 
entrance. The elevation of the railway 
track at this point is about + 10 and that 
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corner of the boiler room contains the 
elevator for raising coal, and this tower 
is connected to the ash tower by the tun- 
nel previously referred to; the tunnel in- 
closes the belt conveying the coal from 
the cars up a steep incline to the base of 
the elevator. Beneath the engine room 
is also a basement, and a tower at the cor- 
ner of the room provides the principal 
means of access between the engine and 
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tioned to give 87 square feet of surface 
under each boiler and a ratio of heating 
to grate surface of 50 to I—an unusu:! 
ratio for small-size anthracite coal, but 
permissible in this case as mechanical 
draft is available when needed. 

The boilers are suspended by straps 
around the drum from horizontal chan- 
nels carried by the building columns, and 
the spacing of the columns is such that 
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FIG. 2. VIEW OF POWER PLANT FROM THE ROAD 
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FIG. 3. POWER PLANT ON RIVER SIDE, SHOWING ELEVATIONS OF COAL TUNNEL 
AND BUILDING 


of the road leading from the railway 
depot up to the parade ground about + 95 
opposite the plant. 

The boiler house extends north and 
south and contains a boiler room on the 
main floor with a basement exténding un- 
der the front of the boiler room only. The 
coal bunker above is a large flat-bottomed 
structure 148 feet long, 57 feet wide be- 
tween column centers and about 21 feet 6 
inches deep on the clear. A tower at one 


boiler rooms, also space for the chief 
engineer's office and toilet, and lockers and 
bathrooms for the operating force. 


Borter INSTALLATION 
At the present writing four Babcock & 
Wilcox boilers are installed in the plant, 
each containing about 4400 feet of heating 
surface and 210 tubes arranged 21 wide 
and 10 high. The boilers are equipped 
with Treadkill grates which are propor- 


two are located between each battery of 
two boilers, requiring that the boilers be 
spaced a little farther apart than usual to 
prevent the heat of the furnace from 
affecting the steel. To save space the 
usual 17-inch sidewall was reduced to 13 
inches opposite the column and _ vertical 
cast-iron channels were bolted to the walls 
to secure an air space. In front of the 
columns the spaces between the settings 
were closed by iron plates secured to the 
flanges of the channel, and_ bull-nosed 
brick were laid to finish against the plate. 

A Custodis radial-brick chimney has 
been erected, and this, as previously men- 
tioned, is to be later inclosed by the tower 
of the riding hall. The inner core of the 
chimney has an inside diameter at the top 
of 10 feet, and the stack rises 145 feet 
above the grate. A ladder on the interior 
has been provided and also lightning rods 
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FIG. 5. ELEVATION TMROUGH ENGINE AND BOILER ROOMS 
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connected by a copper cable with an ex- 
tension run down to the river and there 
soldered to a submerged copper plate. 
Within its internal area the chimney also 
contains a 16-inch cast-iron flanged pipe 
which was provided to discharge the free 
exhaust from the engines at the top of 
the stack, as the escape of this exhaust 
above the engine-room roof would be 
objectionable. For architectural con- 
siderations the chimney was limited in 
hight, so that in order to obtain sufficient 
draft to burn the low-grade coal and run 
the boilers at their rating, a mechanical- 
draft plant was installed to help out the 
chimney in emergency. This plant con- 
sists of two Sturtevant fans 8 feet in 
diameter and 4 feet wide, with engines of 
sufficient size to drive the fans at 250 
revolutions a minute, at which speed each 
fan is supposed to furnish 55,000 cubic 
feet of air per minute at a pressure of 
2% inches of water. The installation is 
located on a mezzanine floor, and each 
blower discharges downward through an 
iron duct into a masonry duct running 
below the boiler-room floor level and ex- 
tending across the boilers at the rear of 
the bridgewall, as shown in Fig. 7. En- 
trance to the ashpit is made through a 
cast-iron blast box and is controlled by 
the usual dampers operated by levers ex- 
tending through the fronts of the boilers. 
The fans are controlled by a Foster regu- 
lator actuated by the boiler pressure. 

From each boiler the smoke connection 
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FIG. 6. THE BOILERS 


to the flue is also shown in Fig. 7. The 
flue has a concrete floor, brick sidewalls 
and double rowlock brick arches sprung 
between transverse I-beams for a top. The 
flue is provided with a pair of dampers 
close to the chimney. These dampers are 
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tion of the damper, but this is not used 
when the fans are in operation. 


Coat AND AsH HANDLING 

Figs. 9 to 12 give a fair idea of the coal- 
and ash-handling equipment. At the pres- 
ent, means are provided only for the 
mechanical handling of coal delivered by 
rail, but the system is designed with the 
idea of taking care of coal by water at 
any time that it might be desired to so 
receive it. As the facilities for switching 
cars at West Point were somewhat lim- 
ited, it was decided to arrange for the un- 
loading of four 50-ton hopper-bottom cars 
without shifting. To meet these require- 
ments two tracks were arranged so that 
two cars could be run in on each side of 
a belt conveyer and slightly above it, so 
that a gravity discharge could be obtained 
through chutes onto the belt. 

From beneath the unloading platform 
the belt runs upward at an angle of about 
23 degrees to the base of the boiler-room 
tower and there discharges into the boot 
of an elevator which raises the coal to a 
point above the top of the bunker. From 
here the coal is spouted onto a transverse 
belt conveyer extending across the south 
end of the boiler house, and this dis- 
charges into the bunker or onto either one 
of two longitudinal belts which deliver 
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FIG. 8. FLUE DAMPER NEAR STACK 


Automatic Reversible 


-< 


Zo! 


through automatic trippers to any part of 
the bunker beneath them. In lig. 9 the 
conveyer 4 and the transverse conveyer B 
are equipped with belts, each 18 inches in 
width, and the longitudinal conveyers C 
and PD are 16 inches wide. The elevator 
E has buckets 22 inches long, 18 inches 
wide and 8 inches deep made of No. 10 
steel. The system was designed to han- 
dle 60 tons of 2240 pounds per hour, but 
upon test it has considerably exceeded this 
requirement. 

Three Westinghouse motors operate the 
system, one driving the lower conveyer A, 
one driving the elevator E and the trans- 
verse conveyer B, and one driving the two 
longitudinal conveyers C D. The 
motors are of the inclosed type, and the 


and 


starting boxes are inclosed 
iron boxes. An electrical connection is 
run from each starting box inside of the 
switch to a pilot lamp on a board in the 
boiler room. 


in dust-proof 


This board also contains an 
automatic circuit breaker in the main feed 
supplying all of the motors. The solenoid 
of the breaker is connected by wires to 
push buttons at various parts of the con- 
veying system, so that an attendant can 
by pushing a button stop the operation of 
the entire plant when necessary. Shak- 
the coal 
and the 


ing chutes are provided to deliver 
from any car to the lower belt, 
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FIG, 9. PLAN AND ELEVATIONS OF COAL HANDLING SYSTEM 
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motion of this chute is controlled by a 
wheel on a shaft’ extending up through the 
platform on which the cars are located. 
The Robins Conveying Belt Company sup- 
plied the entire conveying system. 

From the bunker coal is discharged to 
the boiler-room floor through a number 
of chutes located at the corners of the 
settings, as indicated in Fig. 6. As the 
bottom of the bunker is flat, similar 
chutes are provided at the rear of the 
boilers and are arranged to dump into 








FIG. 10. 
Hunt standard charging cars, so that the 
coal may be carried on tracks to the front 
of the boilers. The valves at the bottom 
of each chute will be noted, and just 
below the bunker-floor level there is also 
provided a sliding gate. 

Ashes drop from the grate into a deep 
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of the power house by means of wheel- 
barrows. 


ENGINES 


In this department it was decided to 
install two 400-kilowatt and one 200-kilo- 
watt direct-current generators, each of 
the larger machines being driven by a 
tandem-compound Corliss engine and the 
latter by a simple Corliss engine. These 
machines, Fig. 13, develop direct current 
at 240 volts for both light and power, and 


COAL-CONVEYING SYSTEM ABOVE BUNKER 


motor generators are used to obtain alter- 
nating current at 2200 volts for the ex- 
treme north and south ends of the post. 
Due to the large amount of steam re- 
quired for heating during the. winter 
months, and also to the fact that the river 
was 60 feet below the engine-room level, 





FIG. II. PROVISION FOR REMOVAL 
hopper provided with the chutes shown in 
Fig. 11, from which the ashes may be 
drawn out into industrial cars and run 
through the boiler-room basement and 
onto the roof of the conveyer incline to 
an ash hopper which will be constructed 
in the near future in the upper part of the 
tower. From this location the ashes may 
be discharged into railroad cars for re- 
moval, but at present they are used for 
filling in and are being discharged through 
a temporary opening through the side wall 








OF ASH FIG. 
it was decided to run the engines non- 
condensing. 

A careful selection of the bids of vari- 
ous builders resulted in the selection of 
Rice & Sargent engines made by the 
Providence Engineering Works. These 
units were to opefate on a normal work- 
ing pressure of 130 pounds at the throt- 
tle, which might be increased to 150 
pounds when considerable back pressure 
was placed upon the engines during the 
heating season. The speed was limited 


12, 
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to 100 revolutions per minute and the en- 
gines were to be capable of running at 
50 per cent. overload for short intervals. 
The tandem compounds were 24x36x36 
inches, and the simple Corliss had a cylin- 
der 22x30 inches. Each compound engine 
was provided with a large reheating re- 
ceiver containing 0.6 square foot of reheat- 
ing surface in brass pipes per rated horse- 
power of the engine. The simple engine has 
a cylinder steam jacketed in both heads 
only, and the compound engines have 
both cylinders jacketed in a similar man- 
ner. As apparent in Fig. 13, the engine 
piping is below the engine-room floor and 
the main throttle valves and the valves in 
the exhaust pipes are operated by floor 
stands. 


TriAL Tests oF ENGINES 


When the time for the trial tests of the 
engines arrived George H. Barrus was re- 
tained to conduct the tests. 
tees were expressed in 
terms: 

“The steam consumption of each com- 
pound engine will not exceed 19 pounds 
of steam per indicated horsepower with a 
steam pressure of not less than 130 pounds 
at the throttle and one pound back pres- 
sure in the exhaust pipe. 

“The friction load of each compound 
engine will not exceed 4% per cent. of the 
rated load which is to be taken at 600 
horsepower. 

“The steam consumption of the simple 


The guaran- 
the following 





FROM ELEVATOR TO BELT CONVEYER 


engines will not exceed 23 pounds per 
indicated horsepower per hour when the 
engine is developing from 275 325 
horsepower with a steam pressure not 
less than 130 pounds at the throttle valve 
and one pound back pressure at the ex- 
haust valve. 

“The friction load of the simple engine 
will not exceed 4% per cent. of the rated 
load which shall be taken at 300 horse- 
power. 

“The friction load is to be obtained by 


to 
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running the engine at its rated speed with 


a steam pressure of not less than 130 
pounds, with the brushes of the genera- 
tors not in contact with the commutator 


and the field unexcited. 

“A separator will be placed in the steam 
pipe to each engine and unless there is evi- 
dence to the contrary the steam will be 
assumed to be dry.” 

The simple engine was designated as en- 
gine No. 1 and the two tandem com- 
pounds as engines Nos. 2 and 3. It was 
decided that a test of one of the com- 
pound engines would suffice and No. 2 was 
selected. This engine had been in opera- 
tion under a load less than three days 
when the tests were made, and the sim- 
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the line, all of which discharge into the 
Holly system installed in the plant. The 
drainage’ from the two reheaters of the 
compound engines, each having 360 square 
feet of surface, and that from the jackets 
of the various engines also discharged 
into the Holly system. Two feed pumps 
are provided, each discharging into two 
independent feed lines, either of which 
can be used for the supply of any boiler. 
The water is ordinarily drawn from a 
feed tank in the boiler room, which col- 
lects the hot-water returns from the vari- 
ous buildings. The simple engine, which 
is 22x30 inches, has a» piston rod 3.75 
inches in diameter and a clearance of 6.1 
per cent. The compound engine, 24x36x36 
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section being controlled by a_ switch. 
Steam consumption was determined by 
feed-water measurement corrected for 
leakage and condensation of boilers and 
mains. No. 1 boiler supplied the steam 
on the test of the simple engine and Nos. 
2 and 3 boilers on that of the compound 
engines. The same feed pump was used 
on both tests, and the water was drawn 
from a temporary weighing apparatus 
erected for the purpose. The drainage 
from the separator and drip pockets in 
the steam main connected with the en- 
gine under test was cut off from the 
Holly system and carried through a tem- 
porary pipe to the feed reservoir unmeas- 
ured. Each of these drips was provided 











ple engine had been running under vary- 
ing loads every night for about twelve 
weeks. The main steam line, both in the 
boiler room and in the engine-room base- 
ment is so arranged with valves and con- 
nections to the boilers that No. 1 engine 
could be run independently from No. 1 
boiler, while the other engines and the 
auxiliary apparatus and other work of the 
plant are supplied from the remaining 
boilers. Likewise Nos. 2 and 3 engines 
can be run independently from Nos. 2, 3 
and 4 boilers, while No. 1 boiler is used 
‘or supplying the simple engine and all 
the remaining work of the plant. 
Drainage of the steam lines is effected 
by separators, one for each engine, and 
by drips located at various low points on 


FIG. I3. THE ENGINE ROOM 


inches, has the following dimensions: 
Diameter of high-pressure piston rod, 4 
inches; diameter of low-pressure piston 
rod, head end, 4 inches; crank end, 4% 
inches; clearance of high-pressure cylin- 
der, 5.3 per cent.; clearance of low-pres- 
sure cylinder, 7 per cent. 

In conducting the test the method fol- 
lowed was in substantial accord with that 
recommended by the engine-test commit- 
tee of the American Society of Mechani- 
cal Engineers. For the purpose of secur- 
ing constant-load conditions an artificial 
resistance was provided consisting of a 
water rheostat having about 2000 feet of 
iron wire, No. 12 Birmingham gage, 
placed in a tank of running water and di- 
vided into five equal sections, each 


with a water column and gage glass with 
a regulating valve beneath to keep the 
pipe clear without loss of steam. The re- 
heater and jacket drips were also discon- 
nected from the Holly system and drained 
through water columns. The drainage 
from these poimts was discharged un- 
measured on the boiler-room floor and 
thrown away. The leakage of the boilers 
and mains was determined as soon as pos- 
sible after the conclusion of the principal 
run of each engine by the water-glass test, 
the computation being based on the vol- 
ume of the drums. During the progress . 
of the main tests a set of indicator dia- 
grams, one from each end of each cylin- 
der was taken every twenty minutes, to- 
gether with the usual observations of 
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gages and revolutions per minute. Every 
half hour records were made of the hight 
of water in the gage glasses of the boilers 
and the quantity of water fed from the 
weighing apparatus. At equal intervals 
put of the generator were observed. The 
the instruments showing the electrical out- 
accuracy of the indicator springs, gages, 
weighing scales and _ electrical meters 
were all verified. 

Immediately after the economy runs the 
friction tests were made, the engines being 
first shut down in order to raise the 
brushes from the commutator. In the 
simple-engine test the pressure in the 
steam pipe was 97 pounds and in the 
compound-engine test, 76 pounds, these 
being the highest pressures which could 
be carried without undue slamming of 
the valves, and without introducing con- 
ditions unduly affecting the reliability of 
the indicator diagrams. For these reasons 
the guarantee requirement of 130 pounds 
steam pressure for friction tests was 
waived. The data and of the 
economy tests are given in Table 1 and 
those of the friction tests in Table 2 

In conclusion, Mr. Barrus states that 
the steam consumption of the compound 
engines was 18.33 pounds per indicated 
horsepower per hour, which is 3.5 per 
cent. better than the guaranteed perform- 
ance of 19 pounds. The simple, engine 
consumed 20.68 pounds of steam per indi- 
cated horsepower per hour, which is 88 
per cent. better than the guaranteed per- 
formance of 23 pounds. The percentage 
of friction of the compound engine was 
3.8 per cent. and that of the simple en- 
gines 3.6 per cent., both of which are 
within the 4% per cent. guarantee. 

Computing the efficiency ratios from the 
above data gives some remarkable results 
—an efficiency of 69.6 for the simple en- 
gine and 79.2 for the compound engines 

These efficiencies are much better than 
what is usually obtained in engines of this 
character, even of much larger capacities, 
and considerably the efficiency 
ratios of steam turbines. It will be of in- 
terest to note how near these efficiencies 
will be maintained in everyday operation. 


results 


exceed 


TUNNEL SySTEM AND PIPING 

In the larger buildings near the power 
house pipes are distributed through a sys- 
tem of underground tunnels shown in out- 
line in Fig. 14. The the 
most distant building supplied with ‘steam 
and this is at a distance ef 2160 feet from 
the power house. The work on the tun- 
nels has not yet been completed, as some 
of the buildings have not been built. To 
the gymnasium the main tunnel varies in 
size, depending upon the number of pipes 
that it contains. It is of rectangular 
cross-section and from the power house 
to the point K is 7 feet high and 6 feet 
wide, the side walls being 12 inches and 
the roof so inches thick. From points K 
to M the tunnel is 6 feet 6 inches high, 


gymnasium is 
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5 feet wide, with side walls and roof 10 
inches thick. From point M on the tun- 
nel is 6 feet 3 inches high and 4 feet wide, 
with walls and roof 10 inches thick. The 
floor is 8 inches, thick throughout. The 


roof, floor and walls of the tunnel are of 
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Fig. 4 shows the general arrangement 
of the steam and exhaust piping in the 
engine and boiler rooms. As _ will 
noted, the boilers are connected to a 
inch main steam header with two valves 
in each boiler connection, that at 
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STEAM-DISTRIBUTING SYSTEM 








TABLE 1. 


DATA AND RESULTS OF ECONOMY TESTS. 





Total quantities: 
Duration, hr 
Water fed to boilers, lb 


Hourly quantities: 
Water fed to boilers, lb 


Loss of steam and water per hour due to leakage of boilers, 


mains, etc., | : 
Net steam consumed per hour by engines, lb 


Pressures (corrected): 
Steam pipe pressure near throttle, lb 
Receiver pressure, lb 


Indicator diagrams: 
Mean effective pressure, lb 


Sample diagrams: 
Initial pressure above atmosphere, lb. . 
Corresponding steam pipe pressure, lb 
Back pressure at mid stroke, lb 
Pressures above zero at selected point near 
(a) Cutoff, lb. 
(b) Release, Ib 
(c) Beginning of compression, Ib... 


Percentage of stroke at selected point near 

(a) Cutoff, per cent : 

(b) Release, per cent. ; 

(c) Beginning of compression, per cent. 
Aggregate m.e.p. referred to each cylinder, ib... 
Steam accounted for in Ib. ad I.H.P. ani hour, 

(a) Cutoff, lb. ; : : : : 

(b) Release, Ib. 


Speed: ; 
Revolutions per minute 


Power: 
P. dev eloped by H.P. cylinder. 
H.P. developed by L.P. cylinder. 
H.P. developed by whole end. 


H. 
I. 
% 


Results: 
Steam consumed per I.H.P.-hr., lb. 


near 


' 
| Compound Engine |Simple Engine 
No. 2. 


11,415. 
264. 
31,208. 
150. 
21. 
Ln, 
12 








Percentage accounted for by indicator diagrams, near 


(a) Cutoff, per cent. 


(b) Release, per cent. 


91.1 








concrete construction except at curves, 
where rubble walls were used to save the 
cost of forms for concrete. A considera- 
ble portion of the excavation was through 
rock, and in the construction special pro- 
vision was made to keep water from 
entering the tunnel. 


boiler being a Foster automatic stop 


valve. An 8-inch ring main supplies the 
engines, and this is fed from either end 
of the 14-inch header in the boiler room 
A valve in this header subdivides it into 
sections, so that either side may be used 
as desired. Connections from the 1% 
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main to the engines consist of long-radius 
bends which. enter Stratton separators of 
the receiver type, these being supplied to 
insure dry steam and also to provide a 
receiver of moderate steam volume close 
to the engine throttle. A 3-inch connec- 
tion from the end of the boiler-room 
header supplies the boiler-feed pumps and 
fan engine, and in addition there is a 
separate 2%4-inch line run from the end 
of the Holly main which may be used to 
operate the feed pumps. 

Exhaust-steam pipes from the engines 
are connected. into a 16-inch exhaust line 
which discharges into a Utility combined - 
muffler tank and grease separator pro- 
vided with the usual bypass, and from 
here the exhaust escapes to the atmos- 
phere through a free-exhaust pipe of the 
same diameter running upward through 
the interior of the stack. During the 
heating season the exhaust steam passes 
through a 16-inch line to the tunnels, and 
as it rises from the basement of the en- 
gine room to the entrance of the tunnel, 
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MUFFLER TANK AND FEED-WATER HEATER FIG. 10. 











connection is made with the high-pressure 
line which supplies steam direct from the 
boilers through a Foster reducing valve 
when the exhaust is insufficient to heat the 
buildings. In the tunnels the exhaust 
steam is carried as far as the academy 

















TABLE 2. DATA AND RESULTS OF FRIC- 
TION TESTS. 
Com- 
ound Simple 
Sngine Engine 
No. 2. | No. 1 
L3.P. developed by H.P. 
a RRO eee 101.7 
I:H.P. developed by L.P. 
OO ee aaa ae 78.6 
I.H.P. dev eloped by whole 
engine (negative)....... 23.1 10.7 
Rated H.P. of engine. 600.0 300.0 
Percentage of friction HLP.| 
torated H.P.......... | 3.6 3.6 








building. On the direct lines from the 
boilers to the buildings there is also pro- 
vision to reduce the usual pressure of 135 
pounds to from 80 to 100 pounds for the 
tunnel system. 
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AND EXHAUST-STEAM CONNECTIONS 
AT ENTRANCE TO TUNNEL 


All drip points on high-pressure lines 
are connected to the Holly system, and 
the condensation in the various build- 
ings connected to the central plant is 
returned to the power house by Bundy 
pumping traps through a line that gradu- 
ally increases in size up to 6 inches as it 
enters the power In the boiler 
room this return line connects to the top 
of a return tank, which is provided with 
a vapor line to the atmosphere, so that 
it is practically an open tank. Ordinarily 
the boiler-feed pumps draw their supply 
from this return tank, but also have con- 
nection to the cold-water supply. To 
provide make-up water, three ball cocks 
are placed inside of the tank, each with 
a valve connection, so that at least one of 
the valves will always be in working 
order. A perforated partition divides the 
tank, so that any discharge of water into 
the tank from the return lines will not 
affect the ball cocks. 

Two 14x7} 


house. 


$xto-inch Worthington pis- 
ton pumps feed the boilers, and the dis- 
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FEED-WATER PIPING TO BOILERS 








charge is so arranged that the pumps may 
feed into either end of the ring main 
which passes through the feed-water 
heater. From the main there is a double 
connection to the individual feed lines of 
each boiler and each of these connections 
is provided with a stop and check valve 
having an extension stem within easy 
reach of the boiler-room floor. The 
heater is of the Wainwright even-flow 
type and has a rated capacity of 1500 
horsepower, which was considered large 
enough as the plant is run only to its full 
capacity during the heating season, when 
a large part of the water will consist of 
the hot returns from the buildings. 

All greasy drips from engine and pump 


ee a 


‘bnlise® 


FIG. 18. PIPING TUNNEL 


cylinders, grease separator and various 
points of the exhaust line are trapped 
into a low-pressure drip line connecting 
with the boiler blowoff main, to which 
are also attached the three blowoff con- 
nections on each boiler. Each blowoff 
pipe is provided with a straight-way valve 
fitted to a Homestead blowoff cock. 
Boiler pressure, the reduced pressure 
to buildings and the pressure in the 
exhaust system are all indicated on 
three special gages located on a marble 
board placed upon the side wall of the 
engine room. 

In the entire piping system all high- 
pressure steam pipes 2 inches in diameter 
and over are provided with extra-heavy 
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flanged fittings and with extra-heavy 
flanges for connecting the piping. In all 
piping 5 inches in diameter and over the 
Van Stone type of joint with rolled-steel 
flanges is used. All of this work and the 
pipe bends were manufactured by the M. 
W. Kellogg Company for the Thompson- 
Starrett Company, which firm had the 
contract for all piping in the plant and 
tunnels. 

All low-pressure piping in the power 
house, excepting the blowoff piping, is 
provided with standard-weight fittings 
and flanges except in certain locations in 
the exhaust lines where it was thought 
necessary to install extra-heavy fittings on 
account of the expansion and contraction 
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ELECTRICAL EQUIPMENT 

While the greater portion of the load 
consists of lamps, a number of elevators 
are to be used in the central group of 
buildings, and also.a considerable number 
of small motors for various purposes. 
For instance, the cadet. mess hall, con- 
taining one of the most elaborately 
equipped kitchens and bake shops any 
where in the world, uses a number of 
motors for dishwashing, breadmaking, 
food preparing and other purposes. The 
buildings requiring most of the power, 
however, are within 2700 feet of the power 
house. The buildings at the south end 
of the grounds, about 8000 feet distant 
from the power house and consisting of 
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that might readily occur. In the tunnel 
the construction was such that it was pos- 
sible to take care of the expansion by 
means of numerous right-angle bends in 
the line, and at curves the pipe was fur- 
nished with hangers which would permit 
lateral as well as longitudinal expansion 
to occur. The high-pressure and the re- 
turn mains in the tunnel were suspended 
from the roof beams, but the exhaust 
main was supported by brick piers with a 


bluestone cap on which a roller resting in. 


a chair was placed, the piers being con- 
structed in every case so that the upper 
surface of the bluestone cap would be 
parallel with the axis of the pipe, even on 
a steep incline. 


19. RETURN TANK AND BOILER FEED PUMPS 


the cavalry and artillery barracks, had an 
estimated wired load of 75 kilowatts in 
incandescent lamps, and the soldiers’ hos- 
pital and a number of other buildings 
located at the extreme north end of the 
reservation require current for 
only. 


lights 


The desire to use direct current as far 
as it could be used economically led to 
the adoption of a 250-volt two-wire system 
for light and power, and it was found 
that this system could supply about 75 
per cent. of the total load without great 
expense. The remainder of the load and 
the street lighting required alternating 
current, and it was decided to use motor 
generators delivering 60-cycle single-phase 
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current at 2200 volts, the current being 
supplied to the street-lighting system 
through tub transformers. On the direct- 
current system, the maximum lighting load 
for the buildings amounted to 925 kilo- 
watts and an additional 100 kilowatts for 
power. The maximum alternating-current 
lighting load approximated 250 kilowatts 
and the street lighting about 90 kilowatts. 

To handle this load, two 400-kilowatt 
and one 200-kilowatt generators were in- 
stalled. The normal full-load voltage of 
all the generators is 250, but means are 
provided for varying the shunt fields so 
that the voltage may be adjusted within 
reasonable limits. To compensate for the 
drop in the feeder system, each generator 
was designed to overcompound 10 volts 
from no load to full load, but this over- 
compounding may be reduced to various 
lesser amounts by means of a_ special 
series-field shunt. 

To furnish alternating current three 
motor-generator sets have been installed, 
the generators having capacity to carry a 
normal load of 125 kilowatts when supply- 
ing single-phase. current at 2400 volts and 
running at a speed of 600 revolutions per 
minute. The three sets are arranged to 
operate in parallel. All electrical appara- 
tus in the power house was supplied by 
the General Electric Company. 

Distribution of the current is effected 
entirely in an underground subway sys- 
tem consisting mainly of about 85,000 feet 
of single clay ducts and 83 manholes, with 
branches from the manholes to the build- 
ings and from the manholes to the street- 
lamp posts when the latter are near 
enough to make this method advisable. 
Where the lamp posts are remote from 
the subway system, one duct in the upper 
layer of ducts opens into a pull box and 
a branch connection of fiber is run to the 
base of the lamp post. A total of 142 
pull boxes have been installed. The clay 
ducts are of the 3-inch standard type laid 
in cement mortar with a concrete envelop 
on the top, bottom and sides, the top being 
not less than 2 feet 6 inches below the 
surface. The fiber ducts for the street 
lighting are 2%4-inch American conduit 
laid on a bed of concrete and afterward 
inclosed on the top and sides with a con- 
crete envelop not less than 2 inches thick. 

Direct-current distribution consists of 
an extensive system of feeders in which 
the outer terminals of the feeders are 
looped together by mains. From the junc- 
tion point pressure wires are run back to 
the power house and a sliding voltmeter 
switch is provided on the station desk for 
reading the voltage at these points. There 
is a double set of positive direct-current 
buses and one negative bus. The positive 
leg of each feeder circuit is connected to 
the middle point of a single-pole double- 
throw switch, so that the circuit may be 
thrown on either positive bus as required. 
With this arrangement and double-throw 
generator main switches, the generators 
may be run at slightly different voltages. 
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For instance, one generator may be con- 
nected to the high bus and the other to 
the low bus, and each feeder may be 
thrown on the high or low bus as desired, 
in order to maintain equality of voltage at 
the mains and to compensate for unequal 
drops in different feeders. The switch- 
board is of blue Vermont marble and con- 
sists of 21 panels, having a total length of 
about 67 feet. The panels are fully 
equipped with the usual quota of direct- 
and alternating-current instruments, cir- 
cuit-breakers, etc. 

In the underground system, all cables 
are rubber-insulated and _ lead-covered. 
The direct-current cables are single-con- 
ductor lead-covered, and all alternating- 
current cables except transformer leads 
are of the duplex type in a single lead 
sheath. At the present time, 11 direct- 
current feeders have been installed, and 
each leg terminates in a watertight junc: 
tion box in a manhole, where connection 
is made to the corresponding leg of the 
main and to such buildings as may be 
served from the manhole. The positive 
and negative sizes are separate through- 
out, there being separate positive and 
negative junction boxes. 

For house lighting the alternating-cur- 
rent system consists of 2200-volt duplex 
conductors connecting through single-pole 
cutouts to transformers located in a few 
instances in manholes and in most cases 
in vaults forming a part of the building 
supplied. The greater portion of the 
secondary alternating currenty is distribu- 
ted on the 120-240-volt three-wire system. 
In the case of the officers’ quarters, which 
are small residences, one transformer 
serves a number of buildings. A three- 
wire service is brought into each build- 
ing to a three-pole cutout, and the two- 
wire distribution in the different quarters 
is connected alternately to the different 
sides of the three-wire circuit so as to ob- 
tain a proper balance. 

In wiring the buildings supplied with 
direct current, arrangements were made 
for changing over to the 120-240-volt 
three-wire system. Three-pole service 
cutouts were installed, and if the change 
is ever made, a neutral main may be 
pulled into the conduit system, to which 
neutral leads from the various buildings 
may be connected. This arrangement was 
made so that Tungsten lamps might be 
installed at a later date if desired. 

Cram, Goodhue & Ferguson, of Boston, 
were selected as architects for the entire 
work, with Olmsted Brothers, of Brook- 
line, Mass., associated with them in the 
landscape work. During the administra- 
tion of Brigadier-General Albert L. Mills, 
superintendent of the Military Academy 
until 1906, the general plans of the work 
were completed and many of the contracts 
awarded. Since the above date Colonel 
Hugh L. Scott has directed the prepara- 
tion and approval of plans and carried on 
the work. Major J. M. Carson, Jr., quar- 
termaster-in-charge of construction, has 
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been the superintendent’s representative 
in the matter of approval of plans and 
specifications and in carrying on the con- 
struction since the inception of the work, 
and Henry C. Meyer, Jr., of New York 
City, was chosen as consulting engineer 
for the power plant, the street lighting and 
the distribution of steam and electricity to 
the walls of the various buildings. 





‘Notice to Visitors’ 





A correspondent sends us the following 
“Notice to Visitors (by an Old Engi- 
neer),” culled from the columns of a Ten- 
nessee daily: 

1. When you enter the engine room 
spit on the floor. We have water, lye, 
soap, mops and brushes, and we will clean 
up as soon as you leave. 

2. Rub your hand on all polished work. 
It will give someone work and use the 
surplus polish. 

3. Put your hands on the engine’s 
bright work. You will then know if it 
is smooth, hot or cold. Tell others to 
do the same. 

4. Stay in the engine room as long as 
you please. The engineer has nothing to 
do but entertain visitors. 

5. Be sure to tell the engineer if his 
engine is pounding or running right, as 
he will not know it unless you do. He 
will stop and make repairs while you 
wait. 

6. Don’t tell the engineer who you are. 
He is a mind reader and. always knows 
you. Go anywhere in the engine room 
and you will please him. 

7. Advise him what to do, as you know 
best. The engineer is only there every 
day, and does not have a chance to see 
as much as you will in an hour. 

8. If the engineer is busy making re- 
pairs, tell him a good story you heard the 
other day and, if possible, get in his way. 

9. Be sure and tell all you know. “It 
won't take long.” 

10. Call again and repeat as above. 





The newly established department of 
mining engineering at the University of 
Wisconsin has just published a bulletin 
announcing thirteen special courses in 
mining engineering for undergraduates, 
leading to the degree of bachelor of sci- 
ence in the mining-engineering course, 
and an advanced course is being arranged 
for next year for which the professional 
degree of engineer of mines will be con- 
ferred. As the duties of the mining engi- 
neer are diverse and comprehensive, the 
four-year undergraduate course is de- 
signed to give the student fundamental 
training in structural, mechanical and 
electrical engineering, chemistry and min- 
eralogy, and special work in geology and 
the application of these subjects to min- 
ing, ore dressing and metallurgy. 
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he Coming Hudson-Fulton Celebration 


Description of the “Half Moon” and ‘Clermont,’ Replicas of Which 
Are Now Being Built to Participate in the Great Naval Parade 





BY 


The celebration which will take place 
September 25 to October 9, inclusive, un- 
der the management of the Hudson-Ful- 
ton Celebration Commission, will com- 
memorate the three-hundredth anniver- 
sary of the discovery of the Hudson river 
by Henry Hudson and the one-hundredth 
anniversary of the first successful steam 
navigation of that river by Robert Ful- 
ton. These men occupy prominent niches 
in the world’s history. One brought to 


PEG. Bs 
(Ideal 


HENRY HUDSON 
Photograph) 


knowledge the Hudson river; the other 
gave to the navigable waters of the earth 
an inestimable commercial value. 


HeNryY Hupson 


On April 4, 1609, Henry Hudson (see 
Fig. 1) set sail from Amsterdam, with a 
crew of 18 Dutch and 
to find a northern passage to China, but 


English sailors, 


after rounding the North cape he 
driven back by contrary winds, where- 
upon mutinied and refused to 
continue the vovage. Hudson then 
posed that a search be made to find a 
northwest passage. The crew agreed to 
this proposition and they set sail. The 
ship reached the American coast on July 
12, and on September 2 arrived off what 
is now known as the Navesink High- 
lands on the south side of New York bay, 
and this date is recognized as that of 
Hudson's first view of the great river. 


Was 


his crew 
pro- 


WARREN 


O. 


The next day the “Half Moon” moved up 
the bay and anchored on the inside of 
what is now known as Sandy Hook, 
where several days were spent in explor- 


ROGERS 


Hudson’s fourth voyage proved to be 
his last in making the attempt to dis- 
cover a northwest passage. This voyage 
took him through what is named Hud- 
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SHOWING GENERAL DIRECTION OF HUDSON’S FOUR RECORDED VOYAGES 


waters, and on September 
Moon” passed in through 
and entered the mouth of 


ing the nearby 
12 the “Half 
the “Narrows” 
the river. 

The voyage up the Hudson was made 
during the daylight hours, as wind and 
tide served, the ship being brought to 
anchor as darkness set in. In 
this manner, the site of the city of Albany 
was reached on September 19, the farth- 


soon as 


est point north to which the “Half: Moon” 
was sailed, though small boats were sent 
cut to investigate the upper river in hopes 
that deep water would be found. When 
Hudson was convinced that this was not 
the passage to the Pacific, he weighed 
anchor on September 23 and returned to 
the harbor, passing out to sea October 4. 
The discovery of the Hudson river was on 
the third voyage of the four made by 
Hudson, the routes of which are shown in 
Fig. 2. 











FIG. 3. LAST DAYS OF HENRY HUDSON 
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son's strait into the bay also bearing his 
name. The voyage was disastrous, as the 
crew, in mutiny, put Hudson, his son and 
seven companions into a shallop and set 
them adrift in a sea of ice and snow. No 
tidings of Hudson nor his companions were 
received, and Hudson’s bay, without 
doubt, became his grave. Fig. 3 is a re- 
production of a painting which represents 
Hudson and his companions abandoned 


ever 
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presence of a replica of Hudson’s ship, the 
“Half Moon.” Patriotic citizens of Hol- 
land are now building it, and it will be 
delivered to the commission in ample time 
to participate in the various events. As 
there are no known drawings or paintings 
of the original “Half Moon,” paintings 
and plans of similar ships were used in 
preparing the specifications, so that the 
1909 “Half Moon” will appear as nearly 
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FIG. 4. REPLICA OF THE “HALF MOON” 
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officials of the commission and take her 
place in the line of international war ves- 
sels and merchant ships, where she will 
undoubtedly be given a greeting such as 
to few vessels, great or small, is accorded. 

A wonderful opportunity for compari- 
son will afforded when the “Half 
Moon” New York harbor and 


be 
reachés 


modern steamships pass her on their in- 
ward or outward bound voyages. 


Fig. 5 


FIG. 6. ROBERT FULTON 


illustrates in a striking manner the gigan- 
tic strides that have been made in marine 
architecture since the 
first navigated. 


Hudson river was 


Rospert FULTON 
In taking up events pertaining to the 
life of Robert Fulton, too much cannot be 


said as to the great benefits they con 
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FIG. 5. 
on June 22, 1611. Strangely enough, noth- 
of this determined ex- 
plorer’s life prior to April 19, 1607. Thus, 
ur short years, this man accomplished 
that for which will do him 
honor during the forthcoming celebration. 


Ing is known 


thousands 


THe “Harr Moon” 


» of the most interesting and notable 
features of the celebration will be the 


like the “Half Moon” of 1609 as possible. 
The new “Half Moon” is shown in Fig. 4. 

The dimensions of the replica will be 
as follows: Length over all, 74.54 feet; 
length between perpendiculars, 58.70 feet; 
breadth of beam, 16.94 feet; depth, 10.08 
feet; draft, 7.03 feet. 

The new “Half Moon” will make her 
first official appearance Monday, Septem- 
ber 27, when she will be received by the 


COMPARISON OF THE “HALF MOON” AND OCEAN LINER “CELTIC” 


civilized world. 


the While 


it is true that other men had constructed 


ferred upon 


boats propelled by steam power, their 
commercial successes. 
that if Robert Ful- 
ton had not constructed a steamboat that 


was enabled to steam the 150 miles be- 


boats 
lt is 


were not 


also. true 


tween New York and Albany, someone 
else would have done so; but nobody else 
did, so the name and invention of Robert 
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Fulton will be honored in a fitting manner 
during the days of the celebration. A re- 
production of a portrait of Robert Ful- 
ton is shown in Fig. 6. 


THE “CLERMONT” 

A replica of the “Clermont” will also 
play a prominent part in the celebration. 
It will be an exact duplicate of the boat 
in which Fulton made his famous run to 
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The sides were almost parallel, being a 
trifle wider on deck than on the bottom, 
which was flat and without a keel. 
Referring to Fig. 8, it will be seen that 
the “Clermont” had two masts, one stack 
and two cabins, one fore and the other aft. 
The engine, which was made in England by 
Watt & Bolton, was placed just aft of the 
foremast. The engine was without hous- 
ing and the boiler was constructed of 





- 














FIG. 7. 
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Albany and return, with the exceptions 
that the boiler will be equipped with a 
safety valve and life preservers will be 
placed on board, to comply with the 
United States marine laws. 

The original “Clermont” is illustrated 
in Fig. 7. She was 150 feet long and 13 
feet wide, had a depth of hold of 7 feet 
and drew 2 feet of water. The hull below 


the deck had a wedge-shaped bow and 
stern, cut sharp to an angle of 60 degrees. 


Fic. 8. 








THE ORIGINAL “CLERMONT” 





copper. The paddlewheels were 15 feet 
in diameter and were originally un- 
covered, although later they were incased 
in wooden guards. The flywheels of the 
engine were placed outside of the hull 
forward of the paddlewheels. Fig. 9 
shows a comparison of the “Lusitania” 
and the “Clermont.” 


Up THE Hupson 
The life of Fulton is so well known that 





PLAN VIEW AND SIDE ELEVATION OF THE “CLERMONT” 
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it is not necessary to go into it here 
While some of the incidents of the voyag: 
from New York to Albany, 200 year 

after Hudson sailed up the river, wer 

humorous, it can well be assumed that t: 
the inventor the run was one of gre: 

anxiety. Several days before the begi: 

ning of this great run to Albany, th 

“Clermont” was taken around from th 

East river to the North river and anchore‘| 
off what is now known as West Tent! 
street, or opposite the Delaware, Lacka- 
wanna & Western ferry slip, on the New 
York side of the river. It is conceivabl: 

however, that the.river did not appear 
then as now. The changes that have been 
made in the map of New York City are 
clearly illustrated in Fig. 10, the area out- 
side of the heavy black line showing the 
made ground since Fulton’s time. There 
were no great steamship docks on the 
river front such as are seen today, and the 
spectators had no difficulty in finding loca- 
tions on the river bank from which they 
could hurl taunts and jeers toward the 
confident, expectant inventor. With the 
newspapers skeptical, it is no wonder that 
the public pinned little faith on the suc- 










Cabin 








cess of Fulton’s steamboat. 

The start was made at 1 o’clock and, 
with the throttle wide open and the pad- 
dlewheels slowly revolving, the “Clermont” 
began the momentous voyage, while the 
spectators looked on with astonishment. 
The run from New York to Albany was 
accomplished at practically an average 
hourly speed of five miles, the return trip 
being made at the rate of just five miles 
per hour. 
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FIG. 9. COMPARISON OF THE “LUSITANIA,” 1909, AND “CLERMONT,” 1807 


The fame won by Fulton was won by 
a narrow margin, for a few days later 
Robert L. Stevens’ steamboat “Phoenix” 
made a trial run on the Hudson. Owing 
to the monopoly secured in 1808 by Fulton 
and Livingston from the legislature, the 
“Phoenix” was put in service on the Dela- 
ware river. 


NAVAL PARADE 


On Friday, October 1, the great naval 
parade of the celebration will take place. 
As many naval vessels, merchant marines, 
excursion boats and pleasure crafts as 
can possibly go from New York to New- 
bergh will escort the reproduced “Half 


100 200 300 400 
a 


a 


Moon” and “Clermont” to the latter city. 
Thence the two ships of honor will be 
escorted to Albany by another division of 
the participating vessels, the division from 
New York returning to that city. 

Another interesting feature will be a 
remarkable exhibition of flying machines. 
The New York World has offered a prize 
of $10,000 for the aéronaut who with a 
mechanically propelled airship sails over 
the course traversed by Fulton’s “Cler- 
mont” in 1807. 

Without doubt this impressive naval 
parade and airship flight, which are but 
two of many features of the week’s cele- 
bration, will be two of its greatest feat- 


ures. Other attractions of especial inter- 
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FIG. 10. MAP OF LOWER NEW YORK SHOWING MADE GROUND OUTSIDE HEAVY LINES 


est will be motor-boat races in six classes, 
rowing matches between crews of foreign 
and American war vessels, canoe races 
and sailing races. The city of New York 
alone will spend $300,000 on the cele- 
bration. 

We are indebted to the Hudson-Fulton 
Celebration Commission for the illustra- 
tions in this article. 





Isolated Plant vs. Central Station 





Shall the public library of New York 
City be equipped with an isolated plant 
or shall it take its electric current from 
the mains of the Edison company? This 
question has been occupying the attention 
of the Board of Estimate and Apportion- 
ment for some time, and in regard to the 
isolated-power-plant side of the question, 
the following letter and brief, addressed 
to the board by Percival Robert Moses 
in behalf of the International Union of 
Steam Engineers, will undoubtedly be of 
interest. It will also be of interest to 
note that the board has decided on an 
isolated plant: 


LETTER IN PART 

“IT have been requested by the Interna- 
tional Union of Steam Engineers, a part 
of the Central Federated Union, to present 
on their behalf briefly some reasons why 
a private isolated plant should be installed 
in the New York public library for the 
manufacture of electric current. 

“In the New York public library propo- 
sition, I understand that the Edison com- 
pany estimates the maximum use of cur- 
rent at 833,000 kilowatt-hours a _ year, 
while the consulting engineers estimate 
the use of 1,440,000. Even on the basis of 
833,000 kilowatt-hours a year, the use of 
Edison current at three cents per kilo- 
watt-hour would be a _ mistake. The 
library committee could undoubtedly oper- 
ate this plant and manufacture current at 
less than 124 cents per kilowatt-hour, and 


Power, x.y, | personally, or the company I represent, 


would be willing to enter into a contract 
to operate the plant and deliver electricity 








762 


for this price, in addition, of course, to 
the cost of heating the building. 

“On the basis of the estimate made by 
your consulting engineer, the difference 
between 1%4 cents and three cents per 
kilowatt-hour would make a difference of 
$22,000 a year to the library committee. 
It is proper also to call your attention to 
the fact that by making a contract with 
the New York Edison Company or any 
other member of the combined companies, 
at three cents per kilowatt-hour, you are 
sanctioning a discrimination in_ rate 
against the small consumer, which is en- 
tirely unjustified and which cannot con- 
tinue to exist. There is no possible justi- 
fication for a discrimination in rate based 
on quantity use alone. It is only because 
the combined electric companies are 
allowed to charge small consumers 10 
cents per kilowatt-hour, giving them an 
exorbitant profit, that they are able to sell 
to the large consumer at three cents per 
kilowatt-hour, which is less than the aver- 
age cost of production and distribution. 
The gas companies do not practice any 
such discrimination and the city, in its 
sale of water, sells to all alike. Why, 
then, should the city encourage the elec- 
tric companies to discriminate against the 
small user by making a contract at less 
than a fair rate with the large user, be- 
cause of their large use, knowing that 
every such contract made makes it harder 
to reduce the price to the small consumer. 

“Finally, on behalf of the operating 
engineers, I ask that if your board is not 
satisfied that a private plant can be oper- 
ated more cheaply than service can be 
purchased from the Edison company, 
they advertise for bids from responsible 
engineering concerns, asking such con- 
cerns to state the price at which they 
would sell current to the city from a pri- 
vate plant located in the building, such 
contract, of course, to be subject to the 
clause about paying the prevailing rate of 
wages, and to contain any necessary stipu- 
lation as to maintenance of the equipment 
in first-class condition. I am_ satisfied 
that if such bids are asked for many 
offers will be made, backed up by bonds 
and guarantees offering to sell current 
from the private plant at from 114 to 1% 
cents per kilowatt-hour, in addition to the 
cost of heating the building. 

“Summarizing: I base my plea for the 
installation of a private plant on the fol- 
lowing grounds: 

“1—The cost of current from the pri- 
vate plant would be less than Edison ser- 
vice by $22,000 a year, if your consulting 
engineer's figures are correct. 

“>You are entering into a contract 
for an illegal discrimination in rate against 
the small user, and by so doing you are 
preventing the small user from obtaining 
a lower price for current. 

“3You are placing your equipment in 
the control of a single lighting combine, 
which may or may not be always run in a 
fair manner, and you are subjecting your- 
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selves to a far greater possibility of break- 
down than would be the case if you had 
your own plant.” 


BritF ACCOMPANYING LETTER 

“Discrimination in rates in favor of a 
consumer of a large quantity of electricity 
and against the consumer of a small quan- 
tity of electricity, is wrong: 

“In order to prevent the installation of 
isolated plants in buildings, the Edison 
company and its allies have adopted a 
system of giving low rates; that is, rates 
below the average cost of production, to 
large consumers, balancing this by charg- 
ing excessively high rates to small con- 
sumers. 

“That this proposition is radically 
wrong and unjust, is evident from the 
propositions made to the public library 
board and to other similar large consum- 
ers to sell them 833,000 kilowatt-hours per 
year at a rate of three cents per kilowatt- 
hour, or a total of $25,000 a year. For 
the same quantitative use of current, but 
divided between 100 stores, the charge 
would be $83,000, or over three times as 
much. 

“The discrimination is based on the 
same principle as the freight-rate dis- 
crimination which has been universally 
condemned, and has been pronounced 
illegal. That is, the rate is fixed not upon 
the cost of production and distribution, 
but upon the amount the traffic will bear. 
This is evident from a consideration of 
the conditions : 

“In the public-library plant there are 
17,691 incandescent lights and 443 horse- 
power of motors. The total connected 
capacity figures up to approximately 1200 
kilowatts. If the maximum demand is 
figured at two-thirds this amount, or 800 
kilowatts, this would probably be approxi- 
mately correct. 

“In the long discussion before the Pub- 
lic Service Commission on the subject of 
breakdown or auxiliary service, it was 
shown conclusively by the New York Edi- 
son and its allied companies that it cost 
the Edison company at least $30 per year 
per kilowatt of maximum demand, $30 for 
fixed charges alone. This is exclusive of 
any cost of manufacturing the current; it 
merely covers the fixed charges on the 
installation of plant, buildings, mains, 
meters and connections. 

“In the case of the public-library propo- 
sition, the offer to sell current at three 
cents per kilowatt-hour barely covers the 
fixed charges, making it necessary to make 
all the profit made by the Edison and its 
allied companies in some other direction. 
This profit can only be obtained from the 
small consumer, and the small consumer is 
forced to pay the profit not only on his 
own use of current, but on the use of cur- 
rent by the large consumer. 

“The city has recognized the justice of 
equal charge to large and small consum- 
ers in the sale of water, the charge being 
alike to large and small consumer, no 
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matter what quantity they use. The gas 
companies do not attempt to discriminate 
against the small consumer, and every- 
body has the right to buy gas at 80 cents 
per thousand cubic feet. The telephone 
company, it is true, does discriminate be- 
tween the large user and the small user, 
but nothing like the extent proposed by 
the electric companies, and the question of 
the right of the telephone company to so 
discriminate has been seriously ques- 
tioned. 

“The objection to discrimination in 
favor of the user of a large quantity 
against the user of a small quantity does 
not necessarily mean that the Edison and 
its allied companies should be discouraged 
from encouraging a long-hours use of the 
equipment. This is quite a different mat- 
ter. The electric companies claim, and 
with justice, that the consumer who uses 
his equipment to hours a day should 
obtain a better rate than the consumer 
who uses his equipment one hour a day; 
for the reason that the consumer who 
uses his equipment 10 hours a day re- 
quires no greater plant investment than 
the consumer who uses his equipment one 
hour a day. This statement is perfectly 
correct. A proper basis of charge would 
be one based on the maximum demand of 
the equipment, or on the constant capa- 
city, to which should be added a charge 
for the amount of electricity actually used. 
But this rate should be open to all con- 
sumers alike, no matter whether they use 
10 kilowatt-hours a year or 100,000 or 
1,000,000. Such a rate has been proposed 
by the New York Edison and its allied 
companies in a number of cases recently 
and is as follows: 

“The company makes a fixed charge of 
$30 per kilowatt of maximum demand, 
and in addition to this charge receives 114 
cents per kilowatt-hour for all electricity 
used. This is a perfectly fair form of 
contract, but it must be open to all con 
sumers alike, and not only to such con- 
sumers who have isolated plants installed, 
or who intend to install sucheplants. 

“If such a contract were proposed for 
the public library, the cost would be some 
what as follows: 

800 kilowatts maximum demand /@ $30 $24,000 


1,000,000 kilowatt-hours @ 1c. per kilo- 
roan Wiaedais sas chapesmaaewha'e .. 15,000 
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This is the least cost at which the New 
York Edison and its allied companies can 
afford to sell current and make a profit. 
If they sell at anything less than this cost, 
they must obtain their profit from the 
small consumer. 

“The cost of manufacturing current 
from a private plant in the public library 
zeull be less than purchasing current even 
at the three-cent rate: 

“From the figures given me on_ the 
amount of heating surface and the size of 
the public library, it is evident that during 
the winter months, that is, during at least 
one-half of the vear, the amount of steam 
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used for operating the electric plant, with 
a properly designed plant, will be less than 
the amount of steam required to heat the 
building. Hence, it may be safely stated, 
that the operation of the electric plant will 
not increase the amount of coal required 
six months of the year, certainly 
not more than Io per cent. I have a num- 
figures from buildings in New 
York City which show this to be the fact. 

“During the summer months when the 
lighting load is least, the coal used for 
cperating the electric plant will, of course, 
be a direct charge on the electricity. 

“Insofar as the labor is concerned, a 
brief consideration of the conditions will 
show that the amount of labor required 
for the actual operation of the electric 
plant is very small. If the electric plant 
is omitted, there would still be 460 horse- 
power of motors to be taken care of, and 
there would still be the boilers to be fired 
for heating; there would still be the eleva- 
tors to be looked after; the ventilating 
fans to be cared for; and the only things 
that would not be in operation during 
seven months of the year’ would be one 
turbine during the daytime and, perhaps, 
two at night. These turbines from their 
very nature cannot be interfered with. 
The usual instructions are to let the tur- 
bines alone, merely seeing that the oil is 
flowing. They are absolutely automatic 
in operation and it would not be possible 
to use more than one man on a watch to 
see that they were operating correctly. 
With a storage battery as an auxiliary, de- 
signed to supply the night lighting after 
the plant was shut down, this means that 
there would be two men required; one 
from eight to four, the other from four 
to twelve, in addition to the crew required 
for heating alone. Besides this, in the 
summer there would be two additional 
firemen. 

“The other items making up the cost of 
electricity are the plant supplies, plant re- 
pairs, ash removal, watet for boilers, oil, 
etc. A careful estimate of these addi- 
tional items, gives a total of less than 
$12,000 a year; or, 1.2 cents per kilowatt- 
hour. If high-efficiency lighting is used 
throughout the building, the cost of the 
plant could be undoubtedly reduced ma- 
tertally from the present estimate. But 
even on the basis of the present estimate, 
ind allowing 10 per cent. for interest, 
depreciation, insurance, etc. the fixed 
charges figure up to one cent per kilowatt- 
hour: which added to the operating cost 
of 1.2 cents makes the total cost per kilo- 
Watt-hour 2.2 cents, on the basis of one 
million kilowatt-hours a year. 


during 
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There are 
New York 
making a specialty of operating steam and 
electric plants, and if there is any doubt 
in the board’s mind, as to the comparative 
cost of operation of central service and 
of isolated-plant service, IT suggest that 
bids he invited from responsible concerns, 
subject to a bond, for operating the plant 
Proposed for the library, the contract to 


a number of companies in 
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contain the usual stipulations as to pay- 
ing the prevailing rate of wages and re- 
quiring maintenance of the plant in ac- 
cordance with certain standards of inspec- 
tion. I am satisfied that if such bids are 
invited, many will be received offering 
to furnish current as low as 1% cents 
per kilowatt-hour, in addition to the cost 
of heating and maintaining the rest of the 
equipment. 

“The matter of reliability of service is 
also of moment. In one case the library 
will have its own plant on the premises 
with its very large storage of coal availa- 
ble at all times, so that nothing less than 
an earthquake would be able to stop-the 
service. On the other hand, if the ser- 
vice is purchased from the Edison com- 
pany or any of its allied companies, even 
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municipal buildings, is that the service 
will be more reliable than it would pos- 
sibly be from an outside source.” 





Emergency Connections for 
Electric Motors 


By C. V. Hutt 


Every man who has to do with power 
installations of any sort realizes that he 
must sometimes do things in other than 
the conventional manner. Conditions arise 
which are unexpected and which demand 
unusual methods. It is not a good plan 
to run a steam engine without a governor ; 
yet I know an old steam-traction man who 
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with many connections, the service is sub- 
ject to interruptions. It is hardly two 
years now the Edison com- 
pany’s station at Thirty-ninth street was 
almost wrecked by the explosion of one 
turbine after another, with the result that 
the service had to be disconnected in a 
large part of the city, and where it was 
maintained it was only at a greatly re- 
duced voltage. Just the other day, in 
Baltimore, on account of a blizzard, the 
whole city was without light and power 
for 24 hours, and the greater part of the 
city for 72 hours, or three days. In fact, 
the whole service was not resumed for 
over a week, and this only by almost 
superhuman efforts. 

“My third plea, therefore, for the iso- 
lated plant in the public library, and other 


ago since 
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always threw the governor belt off when 
he was in q hurry to set up or to move to 
another place. He got along famously, 
too, but it is not advisable for a careless 
or inexperienced man to do this kind of 
thing. 

One of the largest gasolene-engine com- 
panies in the middle West has about 80 
motors in operation, ranging from %4- to 
Series-, shunt- and com- 
pound-wound types are used, though the 
shunt-wound type is preferred. These 
used on woodworking ma- 
chines, boring mills, radial drills and line 
shafts; and the working conditions are 
extremely varied and require that material 
and apparatus on hand be used rather than 
order others which may be better adapted 
to the work of the moment. 


40-horsepower. 


motors are 
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Three-wire 220-volt distribution is used, 
but the dynamos are 110-volt compound- 
wound machines of different makes and 
sizes, which makes the use of an equalizer 
impracticable for parallel operation. To 
overcome this difficulty, a switch is ar- 
ranged to short-circuit the series windings 
of the machines when operated in parallel. 
This has been satisfactory for power pur- 
poses and furnishes fair lighting service, 
although the voltage is apt to vary per- 
ceptibly if the load varies much. 

Several boring mills, requiring con- 
siderable speed variation, are direct- 
driven. It was not feasible to use cone 
pulleys, because there is not sufficient 
room for them; so it was decided to use 
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series to the other wire of the 220-volt 
main. It is evident from the diagram 
that the starting lever will be held in the 
running position, whether the switch is 
thrown to the r1o-volt or the 220-volt 
side, and that the field winding has always 
220 volts at its terminals, regardless of the 
position of the switch or the starting box. 

The two lamps burn as soon as the 
switch is thrown in on either side, and 
serve as pilot lights to indicate the posi- 
tion of the switch. If connected to the 
“line” terminal, the lights would not burn 
brightly until the lever of the starting 
box made the first contact, although they 
would burn dimly on 110 volts through 
the armature. Moreover, there would be 
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220-volt motors and run them on either 
110 or 220 volts, as speed demanded, with 
field adjustment for finer gradation. The 
wiring diagram for this arrangement is 
shown in Fig. 1. It will be seen that the 
shunt-field winding is connected directly 
across the 220-volt mains. This, of course, 
is open to the objection that there is 
always current in the field winding, but it 
was urlavoidable because at 110 volts the 
field winding would not give good results, 
nor would the retaining magnet on the 
starting box hold the lever in the running 
position. It will be seen also that the lead 
to the armature terminal of the starting 
box is from one of the wires of the 220- 
volt main, whether the voltage switch is 
to the right or left, and the lead from 
the shunt terminal on the starting box 
goes through two incandescent lamps in 


FIG. 3 


current on the armature from the arma- 
ture lead connected to the armature ter- 
minal of the starting box, which might 
make it unpleasant to handle the commu- 
tator or brushes. Therefore, the arma- 
ture is entirely cut out, by putting the 
switch lead on the armature terminal of 
the starting box (which is contrary to 
rule) as soon as the lever falls down. 

To provide for farther speed control a 
rheostat is put in the shunt-field circuit 
and is of such capacity as to make it im- 
possible to weaken the field enough to 
cause sparking. It is evident that this 
rheostat control demands an excess of 
motor power ; that is, a 5-horsepower load 
requires an 8- or 9-horsepower motor. 
But the company had the motors and it 
was better to use them than to buy new 
variable-speed motors. There is the 
added advantage that the 110-volt load 
can be put on either the positive or nega- 
tive side of the neutral wire of the main 
circuit. 

There are three dynamos running dur- 
ing the day and until 8 p.m., after which 
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two carry the load. So it was decided ¢ 
put the unbalanced load on the negative 
side of the system, running two of the 
three machines in parallel on that sid 
One of the larger 110-volt motors, dri 
ing a line shaft, is fed from the powe: 
house switchboard through an individ: 
feeder and switch. When three machines 
are running this motor is connected to tiie 
negative side and when only two machitic 
are running the motor is fed from eit! 
the positive or the negative side, accori|- 
ing to the requirements as to balancii; 
the load. A_ single-pole double-throw 
switch was put in the lighting circuit of 
the machine shop, as shown in Fig. 2 
When closed to the right it makes a two- 
wire lighting system with the load on the 
two dynamos running in parallel on the 
negative side of the system when three 
machines are running. When thrown to 
the left the lighting circuit is a three-wire 
system for use when two machines are 
running, after 8 p.m. It will be seen that 
the neutral wire becomes negative and the 
negative wire becomes positive when the 
machine-shop circuit is on the two-wire 
plan. Consequently, all arc lamps are con- 
nected between the positive and the neu- 
tral wires of the three-wire system and 
the polarity of their supply is not dis- 
turbed. 

Fig. 3 shows an emergency wireup for 
a set of reversing rolls used in making 
wheel rims. A reversing starting box had 
been ordered, but failed to arrive in time, 
and an order was sent out that something 
be “rigged up.” The shunt-field winding 
was connected directly to the line and a 
reversing switch was wired in the usual 
manner. At first the type of starting box 
shown in Fig. 1 was installed, but there 
was some question as to how to hold the 
lever of the starting box in the running 
position. It was not thought best to con- 
nect the holding magnet across the main 
line nor was there any room to put lamps 
in as in Fig. 1. -A few days before the 
starting box shown in Fig. 3 had been 
removed from a grinder stand and re- 
paired. This box had a special resistance 
R* in series with the the starting-lever 
magnet coil and was provided with four 
terminals, “line positive,” “line negative,” 
“field” and “armature.” The box was 
connected as shown and the trouble was 
over. The resistance R? was intended for 
weakening the field excitation and was 
not needed for the rolls motor. The 
starting-box lever was a two-part one 
and when contact was made at 2 by the 
outer part of the lever it was broken at 
3 and the shoe on the inner part of the 
lever passed to the dead button 1. 

This is but to show that one can use 
what he has if he must. Neither this 
motor nor those operated on the two volt- 
ages give any trouble from sparking. 
This is to some extent due to the tact 
that all are of ample power; no doubt the 
110-220-volt motors would give trouble 
if used with too large a rheostat. 
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Domestic Steam-Turbine Development 


The General Electric Company in the Horizontal-turbine Field; Recent 
Progress in Construction and Operation of Westinghouse Turbines 
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Following are abstracts of two interest- 
ing papers on steam-turbine development 
read at the recent meeting, at Boston, of 
the Association of Electric Lighting Engi- 
neers of New England: 


CuHarLes B. BurLeIGH’s PAPER 


The paper read by Charles B. Burleigh, 
of the General Electric Company, was 
largely an explanation of the appear- 
ance of the General Electric Company 
in the horizontal-turbine field to an ex- 
tent which has not been fully appre- 
ciated. The use of the Curtis turbine in 
large sizes and of the vertical type has 
led to a popular impression that, except 
in unimportant sizes and for special uses, 
the Curtis type of turbine was committed 
to the vertical position,, and Mr. Bur- 
leigh’s claim that there are in commercial 
service a large number of horizontal Cur- 
tis turbines in this country, ranging in 
size from 20 to 1500 kilowatts, than there 
are of the horizontal type of any other 
maker, came as a surprise to the audience. 

Between February 1, 1909, and the date 
of the meeting, March 18, they had sold 
278 horizontal-shaft turbines, of which 
40,000 kilowatts capacity were of sizes 
from 500 to 3500 kilowatts each. As an 
offset to the possible impression that the 
vertical turbine had been found a failure 
and that its builders were changing to the 
horizontal type, Mr. Burleigh announced 
that the General Electric Company had 
sold over 230,000 kilowatts capacity in ver- 
tical machines during 1908, and that it 
has no idea of abandoning the vertical- 
shaft type, although in the early days of 
Curtis-turbine development, the desira- 
bility of its use was somewhat more ap- 
parent in certain sizes than is perhaps 
today the case. 

The leading advantage with which the 
Curtis turbine came into the field was a 
lower rotative speed, and the designing 
of a turbine of such shell and wheel 
dimensions as best met existing condi- 
tions resulted in a diameter in proportion 
to length which readily adapted it to the 
gyroscopic action of the spinning top. 
With the vertical arrangement, floor space 
Was economized, friction and bearing wear 
were reduced to a minimum; disaline- 
ment of foundations was of little or no 
Importance; the cost of foundations was 
reduced, a smaller number of bearings 
were required and such bearings as were 
necessary were of smaller dimensions. 


BURLEIGH AND J. R. BIBBINS 


Tue ONzy SAcRIFICE INCURRED 

The only sacrifice incurred in the secur- 
ing of these benefits was the maintaining 
of a pressure on one bearing approxi- 
mately equal to the sum of the pressures 
necessary to be maintained on the several 
bearings of a horizontal machine of equal 
capacity. 

Go back with me, the speaker said, some 
ten years, and ask yourself what you as 
the prospective purchaser of a steam 
prime mover of, say, 2000 horsepower 
would have said to the manufacturer who 
offered to furnish you at that time with 
a unit that was designed to operate at 1200 
revolutions per minute. I doubt if you 
would have agreed to install and operate 
it if he had offered to give it to you. 

Five years of experience have demon- 
strated the fact that in the majority of 
cases the reliability and economy have 
been pushed back to make room at the 
head for low first cost. How can this 
be attained? We cannot impair the two 
other necessary characteristics, reliabilty 
and economy; we cannot reduce capacity, 
but we can increase this apparently un- 
necessarily slow speed and thereby enable 
physically smaller machines to do more 
work, and these fast running machines, 
comparing more nearly in size, will com- 
pare more nearly in cost with those of 
competing manufacturers. 

In doing this the work of the moving 
parts has been reduced to a point at which 
they have been customarily operated in a 
horizontal position. The diameter has 
been reduced in proportion to the length 
so that the gyroscopic effect of the mov- 
ing member has been changed so that it 
can be as well, if not better, operated in 
certain sizes in a horizontal position. The 
change in speed entailed a redesign of 
generators and here again the manufac- 
turers have been able to profit by ex- 
perience. 


CHARACTERISTICS ADAPTING THE CurTIS 
TURBINE TO THE HorIZONTAL POSITION 


Some of the characteristics adapting the 
Curtis turbine to the horizontal position 
are that the rotative speed of the shaft is 
within control and may be kept within 
low limits if desirable. The steam travel 
from admission to exhaust is shorter, re- 
sulting in a short steam unit which per- 
mits of the bearings being placed near 
together. This again permits of the use 
of a shaft of smaller diameter to sup- 
port a given weight without sag, which 


farther reduces the surface speed of the 
shaft in its bearing. The expansion of 
metal being in direct proportion to its 
volume and the temperature changes to 
which it is subjected, the steam unit being 
shorter and the shaft smaller, the expan- 
sion troubles are reduced to a minimum. 
The lack of end thrust very much sim- 
plifies the problem of horizontal opera- 
tion. 

Inasmuch as clearance either in an axial 
or radial direction has little or no effect 
on the efficiency of the machine, the neces- 
sity for strict alinement and the danger 
of disastrous contact by derangement of 
the bearings are very much minimized. 
And as steam at boiler pressure and tem- 
perature is not admitted to the interior 
of the machine, but reaches the moving 
parts only after its pressure and tempera- 
ture have been reduced by expansion in 
the nozzles, it is possible as well as de- 
sirable to supply it with as high pressure 
and as highly superheated steam as local 
conditions will warrant without any detri- 
mental expansion troubles being involved. 


ALTERNATING-CURRENT GENERATORS 


Recurring to the redesign of generators, 
Mr. Burleigh said that the General Elec- 
tric Company was prepared to furnish a 
line of alternating-current generators 
which has been designed for use in con- 
nection with the Curtis turbine, both hori- 
zontal and vertical, which will, when re- 
quired, have an actual energy output at 
the generator, at 80 per cent. power fac- 
tor, equal to the most economical load 
point on the steam unit’ These are known 
as “maximum-rated units” and will give 
their maximum kilovolt-amperes output 
at 80 per cent. power factor continuously 
with a rise in temperature not exceed- 
ing 50 degrees Centigrade above that of 
the surrounding air. 

Compare one of these generators of, 
say, 1500 kilowatts, with the ordinary ma- 
chine rated at 100 per cent. power factor 
te operate continuously at full load with 
a temperature rise not exceeding 40 de- 
grees Centigrade; at 25 per cent. over- 
load continuously (at 100 per cent. power 
factor) with a temperature rise not ex- 
ceeding 55 degrees Centigrade, and at 50 
per cent. overload for two hours. 

The “maximum-rated generator,” being, 
capable of a full 1500 kilowatts output at 
80 per cent. power factor, is capable of 
delivering 1875 kilovolt-amperes, which, at 
100 per cent. power factor, is equal to 
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1875 kilowatts. It is capable of delivering 
this output continuously with a tempera- 
ture rise not exceeding 50 degrees Centi- 
grade. The 1500-kilowatt old-rating gen- 
erator (which is rated at 100 per cent. 
power factor, but capable at this power 
factor of delivering 25 per cent. over- 
load or 1875 kilowatts continuously with 
a temperature rise not exceeding 55 de- 
grees Centigrade above the surrounding 
air) is capable of operating two hours 
with 25 per cent. further overload. But 
when you think of it, is it any more capa- 
ble of doing this than is the other? It is 
already 5 degrees warmer. 


DIRECT-CURRENT CurTIS TURBINES 


The General Electric Company has also 
a comprehensive line of direct-current 
Curtis turbines, all of the horizontal- 
shaft type, for which reason the commu- 
tators and brushes are accessible from the 
floor. The 300- and 500-kilowatt units are 
designed to deliver current at 600 volts 
and are particularly adapted for railway 
work. The smaller sizes, ranging from 20 
to 300 kilowatts, are designed to deliver 
current at 125 or 250 volts and are adapted 
for use as exciters, or for the operation 
of lights or motors in industrial estab- 
lishments. 

The low-pressure turbine is designed 
efficiently to utilize the steam energy from 
16 pounds absolute to the best vacuum 
which local conditions make it possible 
to attain, and finds its most available field 
where additions are found desirable in 
power plants operated either mechanically 
or electrically from either simple or com- 
pound condensing or noncondensing en- 
gines. 


THE Low-pressuRE TuRBINE COMBINED 
WITH SINGLE AND CoMpoUND ENGINES 


The installation of a low-pressure tur- 
bine in conjunction with a single-cylinder 
engine practically converts it into a com- 
pound unit, and when installed with a 
compound engine converts it into a triple- 
expansion unit, with the turbine acting 
as a low-pressure cylinder. Due to the 
fact that the area presented by the turbine 
corresponds more nearly to the added vol- 
ume of the steam when completely ex- 
panded than an engine cylinder could un- 
der any conditions, without entailing the 
use of moving parts of sych size and 
weight as would make their use absolutely 
prohibitive, the turbine will as efficiently 
utilize the steam energy below the atmos- 
pheric line as the engine cylinders will 
above it. There being as many foot- 
pounds of energy in a pound of steam ex- 
panded from atmospheric pressure into a 
28%4-inch vacuum as there is in the same 
pound of steam expanded from 150 pounds 
gage pressure to atmospheric pressure, the 
low-pressure turbine enables us to double 
the output of a noncondensing engine and 
add some 30 per cent. or more to the out- 
put of a condensing engine without any 
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increase of fuel consumption, and conse- 
quently with no increase in boiler plant. 
If, however, the load on the engine is 
intermittent or extremely variable, steam- 
regenerating devices are desirable for use 
with low-pressure turbines, which adds to 
the expense of installation and upkeep. 
Again, if the desired increase is more 
than can be obtained by the addition repre- 
sented by the capacity of a strictly low- 
pressure turbine with such exhaust steam 
as is available from the engine, additional 
apparatus must be installed to supply the 
deficiency. The mixed-flow turbine, how- 
ever, overcomes both of these difficulties 
and the impulse or nozzle-expanding type 
of turbine is the only type of turbine the 
characteristics of which will permit of its 
use under these conditions and obviates 
the necessity of using regenerating ap- 
paratus. 


WuHy THE Curtis MIXED-FLOW TURBINE 
Is oF THE HorIzoNTAL TYPE 


The Curtis mixed-flow turbine is of the 
horizontal type for the reason that its in- 
stallation is most always made in con- 
junction with engines already installed in 
equipping engine rooms where head room, 
in many cases, would not be available for 
the installation of the vertical type. The 
steam unit is fitted with two separate and 
distinct chests, each equipped with valves 
controlled by the governor. The low- 
pressure steam chest is connected with 
the engine exhaust and the high-pressure 
steam chest piped to the boiler. The low- 
pressure steam chest is fitted with nozzles 
designed to expand steam from 15 pounds 
absolute to the first-stage pressure and the 
high-pressure steam chest is fitted with 
nozzles designed to expand steam from 
gage pressure to the same first-stage pres- 
sure. The steam admitted from each chest 
to the interior of the turbine and brought 
into contact with the buckets is of equal 
pressure. 

The output of the turbine, therefore,, is, 
to a certain extent, independent of the 
engine, for which reason a mixed-pres- 
sure turbine can be installed of such capa- 
city as will furnish the desired addition 
to the power plant without reference to 
the size of the existing engine and utilize 
the engine exhaust to its fullest extent 
and use only such steam direct from the 
boilers as is necessary to supply the de- 
ficiency. The governing being perfectly 
automatic, should the engine for any rea- 
son stop, it will in no way interfere with 
the operation of the turbine, for the gov- 
ernor will then operate a sufficient number 
of high-pressure valves to admit steam 
from the boiler in a sufficient quantity to 
operate its load. 

On the other hand, if sufficient steam is 
available from the engine to operate the 
load on the turbine, all valves in the high- 
pressure steam chest are closed by the 
governor and the turbine is operated 
wholly by the exhaust steam. 
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J. R. Bresins’ PAPER 

This paper dwelt in some detail on the 
progress which has been made within the 
last two or three years in the constru-- 
tion and operation of Westinghouse tur- 
bines. Particular reference was made 
the development of the double-flow a 
low-pressure types, which have be 
brought about by the necessity of very 
large units on the one hand, and the in- 
crease in economy of existing enginc- 
driven stations on the other. Details of 
construction were also illustrated of the 
various improvements made from time ‘0 
time in the single-flow turbine, ‘which is 
now manufactured in sizes from 300 to 
3000 kilowatts, while the double-flow de- 
sign covers a range of sizes from 5000 
kilowatts upward. In the single-flow type 
details of the cylinder construction were 
illustrated, showing the design employed 
entirely free from longitudinal ribs or 
ports cast in, and otherwise unencun. 
bered; the whole being supported at the 
two ends in the form of a perfectly sym- 
metrical envelop, anchored at one end and 
free to expand and contract. 

A new parallel-motion governor was 
discussed, also other details such as water 
glands, oil pump, copper-clad blading, etc. 
Special mention was made of very com 
plete bearing experiments which were car- 
ried out at the builder’s works at East 
Pittsburg. These were made with a 
70,000-pound dummy rotor, with full-sized 
bearings. To obtain greater unit pres- 
sures, the length of the bearing was re- 
duced. In these experiments the bearing 
duty was increased to as high as 300 
pounds per square inch of projected area 
and 80 feet per second velocity, without 
failure, which represents four to five times 
the bearing duty actually employed in the 
bearings of Westinghouse turbines. These 
bearing experiments were conducted with 
a view to determine the feasibility of 
solid-babbitted bearings for the double- 
flow type of turbine, which is essentially 
a high-speed machine. Units of 5000 to 
6000 kilowatts operate at a speed of 1500 
revolutions per minute, whereas the origi- 
nal single-flow units in this size operated 
at half this speed. 


DEVELOPMENT OF DOUBLE-FLOW TURBINE 


The development of the double-flow 
turbine and the remarkable reduction 10 
size was shown by a detail sectional draw- 
ing of the machine, as compared with 2 
similar section of a single-flow type tur- 
bine; the center-to-center line of shaft 
being from one-third to one-half 
owing to the replacement of the high- 
pressure stage of the single-flow by means 
of a velocity element. Typical installa- 
tions of the double-flow were exhibited: 
among them the Pittsburg Railways station 
and the large Kent avenue station of the 
Brooklyn Rapid Transit Company, where 
five 10,000-kilowatt double-flow turbines 
will ultimately be installed, in addition 
to the five 5500-kilowatt machines now in 


less, 
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operation. Two of the former are already 
in operation. These 10,000-kilowatt units 
are frequently called upon to sustain loads 
is high as 18,000 kilowatts, and one of 
them recently tested sustained the equiva- 
lent of 15,000 kilowatts continuously, with 
a temperature rise considerably below the 
normal for its actual rating of 10,000 kilo- 
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blades of ample proportion to obtain effi- 
cient working. The secret of the high 
economy of the low-pressure system lies 
in the fact that the steam turbine is especi- 
ally economical in the lower ranges of ex- 
pansion, while the reciprocating engine is 
at best in the high-pressure ranges; the 
combination plant giving a resultant econ- 
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CONDITION OF LOW-PRESSURE BLADES, 


watts. Under these conditions, if sup- 
plied with 200 pounds pressure, when 
operating at 28 inches of vacuum, this tur- 
bine would be able to sustain maximum 
loads of from 20,000 to 22,000 kilowatts ; 
consequently, it is one of the largest ma- 
chines in existence. 

Mr. Bibbins claimed that in the smaller 
sizes, which do not entail extreme dimen- 
sions for rotor and stator, the Parsons 
type offered particular advantages, and 
has never been excelled in point of econ- 
omy. On the other hand, the double-flow 
machine, by reason of the more favorable 
design possible with the higher speed, is 
able to attain economies equal to, if not 
better than, those of the straight Parsons 


system, and the double-flow design 
promises well for the future. 

THE LOW-PRESSURE TURBINE 
The low-pressure turbine was dwelt 


upon at some length as a recent develop- 
ment which occupies a unique position in 
power-plant design, and brought about 
by the desire for the utmost economy in 
Operation, especially of old engine-driven 
‘tations. The low-pressure turbine was 
hown to be simply the low-pressure 
tages of a standard double-flow machine, 
in which the high-pressure velocity ele- 

nt was removed, requiring no nozzles, 
Valves, balance pistons nor governor. 
This form is of the simplest possible de- 

n in turbine work and also very effi- 
cient, for the reason that the high speed 
permits a design of small diameter with 
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CYLINDER BASE, 


far better than could be obtained 
by either engine or turbine expanding 
through the whole range. It was shown 
that with a 1000-kilowatt engine and tur- 
bine of normal proportions, a water rate 
as low as 16 pounds per kilowatt-hour 
could be obtained with saturated steam at 
150 pounds boiler pressure and 28 inches 
of vacuum. 


omy 


This is equivalent to about 
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10% pounds per indicated horsepower- 
hour in a reciprocating-engine cylinder. 

The method of determining the steam 
consumption of the combined plant from 
tests of the engine and turbine unit was 
outlined in the form of curves from which 
the relative saving in steam and the rela- 
tive increase in capacity could be readily 
seen. For a 2000-kilowatt combined plant, 
an increase in capacity of from 30 to 40 
per cent. was shown to be possible for a 
condensing engine, with a corresponding 
increase in economy; while for a non 
condensing plant an increased capacity of 
from 80 to go per cent. could be realized, 
with the same increase in economy. 


Metuop oF GOVERNING 


The two methods of governing were 
examined; first, the 
system, such as would prevail in a plant 
receiving the exhaust from a large num- 


constant-pressure 


ber of engines, and, second, the variable- 
pressure system, in which the low-pressure 
turbine was connected directly to the en 
the 
first case, a turbine governor would be 
the second, the turbine 
without a governor, 


gine through the electrical end. In 


necessary; 1n 
would run 
locked electrically in step with the engine 
and operating as the third cylinder of a 


being 


triple-expansion system. In cases where 


a shortage of exhaust-steam supply is ex 








AND THIRD DRUMS ARE ORIGINAL BLADES 


pected for brief periods during the day, a 
pressure-reducing valve may readily be 
installed to make up the deficiency from 
the line. This obviates the 
regenerator, which 
is suited only to periods of deficiency of 
comparatively short duration, such as 
from one to seven minutes as in rolling- 
For the average electric- 


live-steam 


necessity of a steam 


mill practice. 
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light plant, having reciprocating engines 
in which the economy could be improved 
by the use of low-pressure turbines, it 
was shown that the turbine plant was re- 
duced to its simplest dimensions, with 
practically no auxiliary apparatus except 
the condensing plant. 

In the matter of central-station design 
a comparatively new type of station was 
discussed, the double-deck station, with 
turbines on the second floor and boilers 
beneath ; the special advantages being ex- 
treme compactness, short and direct steam 
mains, direct-connection to the turbine 
nozzle by means of barometric condensers 
and extremely low installation cost. 
Plants referred to of this design were the 
Fort Wayne & Wabash Valley Traction 
Company at Fort Wayne, Ind., the West 
Point station of the Youngstown & Ohio 
River railroad at West Point, Ohio, and 
the Hamilton station of the Cincinnati & 
Northern Traction Company, Hamilton, 
Ohio, all of which have been in operation 
for more than a year, sufficient to prove 
the merits of the double-deck design. 


First LARGE TurRBINE INSTALLATION 


In conclusion, the first large turbine in- 
stallation was shown, that of the Hartford 
Electric Light Company, a 1500-kilowatt 
turbine of the horizontal Parsons type. 
This machine, the eighth turbine built at 
the East Pittsburg shops, has been in ser- 
vice until quite recently, when it was re- 
moved to make way for a more modern 
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put in eight years ago were found to be 
quite intact. These blades were of Delta 
metal, as used in the early construction, 
and these results should naturally be 
duplicated with the copper-clad blading of 
the present time. As an evidence of the 
rate of deterioration in turbine machin- 
ery, this Hartford turbine is of considera- 
ble interest. After six years of daily ser- 
vice, and two years as a reserve unit, it 
is practically in as good condition today as 














CLOSE VIEW OF ORIGINAL BLADING IN INTER- 
MEDIATE AND LOW-PRESSURE DRUMS 
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Smoke Not Always Wasteful 


A “smoke-abatement exhibition” was 
held at Sheffield, England, recently, at 


‘which the opening address was made by 


Sir Oliver Lodge. Among other things 
he said that it was customary to regard 
smoke as wasteful and as indicative of 
imperfect combustion. If this were en- 
tirely true, then in self-interest manufac- 
turers would do their utmost to stop it 
Unfortunately, smoke in practice was not 
wholly wasteful. Under certain circum- 
stances it might be economical. He re- 
gretted to say this, but it was a fact. 
It was economical when fires had to be 
banked ; it was also economical when they 
had to heat cold surfaces by means of 
flame, for in such an operation a smoky 
flame was more efficient than a nonsmoky 
flame. A luminous smoky flame was bet- 
ter than a nonluminous one for that pur- 
pose under present boiler conditions. It 
was impossible to bring a flame into con- 
tact with a cold surface and to have per- 
fect combustion. The heat had to pass 
through a film of unburnt gas by radia- 
tion. That was the real difficulty, but 
things might be improved. It was pos- 
sible, for example, to have studs or pro- 
jections on the boiler plates which would 
get red hot in the flame and carry the heat 
in by conduction. It was important, how- 
ever, that they should realize that they 














HARTFORD SPINDLE COMPLETE, HIGH-PRESSURE DRUM ; LATER BLADED WITH COMMA LASHING 


and larger machine. The machine was 
thoroughly examined as regards blading, 
bearings, glands, valves, governor parts, 
etc. The average wear on the journals 
was about 0.002 inch in diameter, with no 
greater wear vertically than horizontally. 
The blading in the two low-pressure bar- 
rels was particularly examined for evi- 
dences of erosion due to entrained mois- 
ture in the steam, but the original blades 


when first installed, which indicates that 
the rate of physical depreciation is actually 
much smaller than is often supposed. 

Referring to the view, on page 767, of 
the low-pressure blading, it should be ex- 
piained that the few small nicks shown 
were made in removing the blading. The 
rough appearance of the blade surface is 
due to deposits of foreign matter carried 
over from the boiler-feed water. 


had to deal with radiation and should 
strive to obtain the best possible radia- 
tion. 





Ten years ago gas and petroleum en- 
gines were not used in Japan, but within 
that period they have become so popular 
that they now represent nearly 15 pe! 
cent. of the total motors adopted by 
manufacturers. — ‘ 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Power Plant Accident 


A few weeks ago a very peculiar ac- 
cident happened in the power plant of 
the Hotel Racine. The general arrange- 
ment of the plant is illustrated in Fig. 
1. There are two return-tubular boilers 
56 inches by 14 feet, a. 10x14 Ideal engine 
running at 247 revolutions per minute 
and belted to a bipolar generator, of 
200 amperes capacity at 125 volts, running 
at 1330 revolutions per minute. 

This plant has been in operation about 


from the engine (not shown) and put his 
desk in its place, as illustrated. 

On the night in question the night en- 
gineer on watch, a most careful man, de- 
sired to trim off the ragged corners of 
his scoop shovel, and not caring to go into 
the work room to the bench (away from 
the engine) he laid the coal pick on the 
floor in front of boiler No. 1 at about the 
same spot marked X, and proceeded with 
the trimming by means of hammer and 
chisel, but with his back toward the door 
leading to the engine room, and in such 
a position that as the pieces were severed 
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GENERAL ARRANGEMENT OF HOTEL RACINE 


fourteen years, during the first twelve of 
which a workbench was located in the 
corner now occupied by the desk, and 
within about 4 feet of the commutator of 
the generator. Yet in all that time, with 
the large amount of work that has been 
done at that bench, there never had been 
any accident, by any substance, metallic 
or otherwise, coming in contact with the 
generator. 

About two years ago the chief engineer, 
desiring to have a better location for his 
workroom, removed the bench to a suit- 
able room on the other side of the boilers 
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they would in all probability fly across the 
fire room toward boiler No. 2. 

It is usually the unexpected which hap- 
pens and in this case “the cussedness of 
inanimate things” was again exemplified 
by the severed piece of the scoop flying 
up and striking something. It made a 
“three-ball combination play for the 
corner pocket,” flew over the engineer’s 
head, through the door and into the air 
gap of the generator with the usual ac- 
companiment of electrical display. At the 
first flash, the engineer made a dash for 
the switchboard and threw the double- 
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throw main switch over onto the city cur- 
rent, and continued on past the board, as 
indicated by the arrows, and closed the 
throttle. 

Upon making a closer examination he 
found that the binding wire of the arma- 
ture had been severed near the commu- 
tator end, and the insulator was aiso badly 
cut. A spare armature for this machine 
is kept on hand, for just such emergen- 
cies. Taking the telephone from the desk, 
he called up the chief engineer, who re- 
sides a short distance from the hotel, and 
upon his arriving the old armature was 
removed, and the spare one inserted and 
the machine placed in operation again in 
just an hour and a half. 

Now, while the old one is undergoing 
repairs, spare moments are put in by all 
hands in trying to figure out just what 
course the last chips off that scoop shovel 
took to dodge the engineer, pass through 
a doorway and get into that dynamo. 

S. H. WatLtace. 

Racine, Wis. 





Safety of Pipe Fittings 


A. J. Dixon and W. O. Perkins have 
me “guessing.” Mr. Dixon recently fig- 
ured the original factor of safety in a 
valve-bonnet joint and estimated a stress 
of 447.92 pounds on each cap screw, ex- 
erted in holding the bonnet on after figur- 
ing a stress of 529.76 pounds on each 
screw tending to blow the bonnet off. He 
admits that the joint leaked and I can't 
seem to figure out how it ever could be 
tight under these conditions. I have made 
several joints in my time and it hag 
always been endeavor to have thc 
means of holding them together overcome 
the tendency to pull apart. 

When I came to Mr. Perkins’ article 
afterward, I thought someone else haa 
seen the error of Mr. Dixon’s way, but 
he only adds confusion to what I thought 
I knew, for he says that the stresses tend 
to balance each other. When the steam 
pressure and the screwing-down pr@ssure 
are equal, are we to suppose ther 
strain on the screw? 


my 


1s no 
It seems to tne that 
as the steam pressure and the screwing- 
down pressure both tend to strip the 
thread, both forces must be acting in the 
same direction and must be added. 

T. 4. TENGER. 


South Boston, Mass 
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A Nail Driver 


—_-—— 


The accompanying sketch shows a little 
device for use in corners not easily 
reached with a hammer. The rod should 
be almost the same size as the inside 
diameter of the pipe. The method of 
operation is to put the pipe over the place 
where the nail is to be driven; then drop 
the nail into the pipe and place the rod 
in the pipe on top of the nail. Then pull 
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A NAIL DRIVER 


the rod up and down until the nail is 
driven home. 
WI tLarp G. Purpy. 
Elgin, I. 





Electrolysis and Superheat 





Mr. Sawyer’s article in the March 2 
number, in regard to pump corrosion, is 
in some respects interesting and at the 
same time very amusing. Pumps do not 
show the conditions of which he speaks, 
except in rare cases. 

There is no good reason for the “one 
pump” in question to be eaten away any 
more than any of the other pumps, and 
if the contents of this “one pump” was 
circulated through some one of the other 
pumps, I think that the same condition 
would exist in it, regardless of its loca- 
tion; and the only way to determine the 
result would be to try it. As it is not 
stated that all the pumps handle the same 
solution, it cannot be known why the 
electrolyte in this “one pump” should be 
any more active than in any of the other 
pumps, and the only way to determine this 
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would be to make a very thorough test, 
which must be carried out as follows: 
Tap the discharge line from each of the 
pumps with a small pipe, and allow them 
to flow into a containing vessel, say for 
twenty-four hours, as it is stated that “at 
certain portions of the day some sewage 
which possibly might contain nitrates is 
carried through the different pumps in the 
condensing system.” A portion of each 
of these solutions should then be given a 
test to determine what per cent. of alkali 
or acids they contain, and if this “one 
pump” had an electrolyte of a different 
character, it could then be noted. If they 
all show the same percentage of elements 
present, it would seem quite natural that 
each pump would be affected in the same 
manner. 

To determine, then, if the iron and 
brass in this “one pump” was of a higher 
electromotive force, in comparison with 
the other pumps, take some of the decks 
or valves and a portion of the brass lin- 
ing as positive and negative elements to 
make a cell, using a glass container and 
some oi the solution as the electrolyte, 
having it as hot as when circulating 
throygh the pump. The connections to 
the piece of brass and iron should be very 
secure in order to reduce the resistance 
of the connections. With the cell thus 
made, as a voltaic cell, use a millivolt- 
meter or a galvanometer to determine 
what the electromotive force is, if any. 
This would tell if there was any local 
action taking place within the “one pump.” 
The other pump parts and_ electrolyte 
should be likewise tested, to determine if 
there was a difference. It is possible there 
might be some marked difference in the 
composition of the pump parts, although 
hardly probable. 

As to electrolysis taking place due to 
the wiring system of the plant being 
grounded, such a condition would be al- 
most impossible to exist where there is 
a network of piping for water and steam. 
For electrolysis to take place, there must 
be a difference of potential, and in the 
case of the “one pump,” there is no con- 
dition which would cause a difference of 
potential between the pump parts and the 
water or solution handled. 

If, for any reason, the piping to and 
from the “one pump” was carrying any 
stray current, due to the wiring of the 
plant being grounded, there is no reason 
at all that the current should disobey the 
laws governing electrical energy, and take 
the course via the water route. As for 
the “electric-car line half a mile away” 
affecting the “one pump,” it need not be 
considered at all. 

The electrolysis due to electric-railway 
service is well known and thoroughly un- 
derstood. Its effects are confined to gas 
and water trunk mains, and is carried on 
upon a grand scale when not properly 
guarded against. 

I would feel perfectly safe in saying 
that the “one pump” trouble was due to 
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the water or solution handled, and not 
to any electrical effects. 
L. EarLte Brown. 
Ensley, Ala. 





Loose Valve Seat 





One day the oil pump on our turbine, 
after three years of faithful service, sud- 
denly refused to work, and no amount of 
persuasion would start it. This pump 
circulated the oil through the cooling coils 
and up into the governor case, and then 
flowed by gravity to the bearings. As a 
temporary remedy we drew the oil in a 
pail from the base of the machine and 
poured it into the reservoir and in that 
way managed to keep going until noon, 
when we shut down to investigate. 

After drawing all the oil from the sys- 
tem and removing the valve plate, the only 
thing that could be discovered was that a 
piece of gasket was gone from the par- 
tition between the suction and discharge 
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LOOSE VALVE SEAT 


chambers, as at 4 in the illustration. The 
valves and seats seemed to be in perfect 
condition, with the exception of con- 
considerable wear on the button on the 
valve at B, caused by the valve contin- 
wally striking the stop bar at C. But as 
everyone was of the opinion that the trou 
ble was caused by the gasket, we renewed 
it and started up. 

Our oil level held up finely for two or 
three days, when it commenced to fluctu- 
ate. It would be first up and then down, 
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keeping a man busy with a pail most of 
the time. 

A final examination showed that the 
suction-valve seat was loose. This seat 
was fastened with a set screw, but had 
worn the metal away from the point of 
the set screw so that the valve and seat 
could lift together and check or shut off 
almost entirely the amount of oil that 
could pass through. 

The remarkable part of it was that 
when the seat was down in position it 
fitted so tightly that it would not be no- 
ticed as being loose, and could only be 
raised by the use of some sharp-pointed 
instrument, and now the oil pump runs 
as of old. 

C. E. Rusa. 
East Hampton, Mass. 





Pipe Sizes Without Figures 


The above is the title of an article in a 
recent number by J. E. Bates. Mr. Bates 
bases his method on the fact that the 
square of the diameter of a circle equal in 
diameter to two other circles is equal to 
the sum of the squares of their diameters. 

For many purposes this method would 
be sufficiently accurate, but there are con- 
ditions under which pipes so calculated 
will not have equal capacities. It is true 
that if the velocities in the pipes are equal 
the capacities will be equal, but take the 
of an elevated tank from which 
water is conveyed by a 2-inch pipe to the 
place of use, 300 feet away. Suppose this 
2-inch pipe is replaced by its equivalent in 
I-inch pipes. By Mr. Bates’ method this 
would require four 1I-inch pipes. Upon 
trial the flow from four t-inch pipes will 
not be found equal to one 2-inch pipe, due 
to the increased friction of the smaller 
pipe. Correctly to proportion the sizes of 
the pipes for equal capacities the friction 
head should always be considered. Let 

q= Volume of water delivered by a 

pipe, 

d= Diameter of pipe, 

h = Initial pressure head, 

g = Gravity constant = 32.16, 

f= Friction factor usually taken = 
0.02 for new iron pipes, 

l.= Length of pipe line in feet, 

I’ = Mean velocity of flow in feet per 

second. 


case 


The volume, in cubic feet, of water de- 
livered by a pipe is equal to the product 
of its sectional area in square feet into 
its mean velocity. 


q = 0.7854 d@ V, 














but 
i J 2gh : 
w+f (a) ’ 
hence we have for full pipes: 
— 2gk 
> 0.7854 d* J = ; = 
5+ f (+ 
2ghd5 % 
0.78 =e 
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From this we see that the relative dis- 
charging powers of pipes are nearly as 
the square roots of the fifth powers of the 
diameters. Or, in other words, the 
diameters required for equally effective 
deliveries will vary nearly as the fifth 
roots of the squares of the volumes. 

The accompanying diagram was de- 
signed to facilitate the proper propor- 
tioning of piping systems. From it, by 
inspection, the relative capacities of dif- 
ferent-sized pipes and their equivalents 
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Diameter of Pipe 
DIAGRAM FOR THE PROPORTIONING 


can be found. The usefulness of the dia- 
gram can best be shown by the solution 
of the following problems: 

Problem 1—Given a centrifugal pump 
having one 7-inch suction opening with 
which to pump water from two wells, find 
the size of the suction pipes. 

Solution: Start at 7 from the upper 
margin and project down two spaces (the 
number of suction pipes required), fol- 
low the curve and find the 


size to be 
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a little larger than 5 inches. The differ- 
ence is so small that it will be sufficiently 
accurate to use 5-inch suction pipes. 

Problem 2—Water is to be piped from 
four tanks of the same hight, each tank 
having a 4-inch outlet. Find the size of 
pipe equal in carrying capacity to the four 
4-inch pipes. 

Solution: Find where the 4-inch pipe 
curve “four” line from the 
upper margin, and project up to the top, 
where the size is found to be 7 inches. 


crosses the 
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OF PIPING SYSTEMS 
Problem 3—Find the size of pipe equal 
in capacity to one 3-inch pipe and one 
7-inch. 
Solution: find that 
one 7-inch pipe is equal to 8.5 three-inch 
pipes. The capacity of the required pipe 
must then be equal to 9.5 times that of a 
3-inch pipe. By referring again to the’ 
diagram we find the diameter to be 7.4 
inches. If the velocity is not great, the 
7-inch pipe need not be increased, but 


By inspection we 
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as a rule it would be better to use an 
8-inch pipe. 

Problem 4—This is Mr. Bates’. problem. 
Find the size of pipe equal in capacity 
to one 3%-inch, one 5-inch, one 2-inch, 
one 2%4- inch and one 6-inch. 

Solution: The smallest pipe is 2-inch. 
From the diagram we have: 
2-inch pipe. 
2-inch pipes. 


One 2 -inch pipe = one 
One 24-inch pipe = two 
One 34-inch pipe = four 2-inch pipes. 
One 5 -inch pipe = ten 2-inch pipes. 
One 6 -inch pipe = sixteen 2-inch pipes. 
Carrying capacity = thirty-three 2-in. pipes. 

From the diagram, the diameter is 
found to be 8.1 inches, or an 8-inch pipe. 
' Mr. Bates, by his method found 9 
inches to be the diameter. 

Problem 5—This problem is the one 
given at the first of this letter. Find the 
number of t-inch pipes equal in carrying 
capacity to one 2-inch pipe. 

Solution: From the diagram this is 
found to be 5.7, or six I-inch pipes. 

Joun B. Sperry. 

Aurora, IIL. 





Criticism of a Criticism of Turbine 
Installation 





In Power for October 13, 1908, there 
was a description of a mammoth turbine 
for Buenos Aires. In a somewhat later 
number, E. H. Lane calls attention to the 
amount of water the circulating pumps 
are capable of delivering per hour. In 
the Buenos Aires plant there are two 
circulating pumps designed to operate in 
parallel, each having a capacity of 112 
gallons per second. Normally, it is the 
intention to operate the pumps in this 
manner at peak loads, giving a circulation 
of 224 gallons of water per second. Ac- 
cording to Mr. Lane this amounts to 
6,693,120 pounds of water per hour, he 
making the assumption that a_ gallon 
weighs 8.3 pounds “(critics, excuse the 
figure)”. Now, there is only one coun- 
try in the world where a gallon means 
8.3 pounds of water, the United States. 
In every other part of the globe a gal- 
lon is 10 pounds of water or 4.543 kilo- 
grams or liters, and very, very few know 
of the gallon Mr. Lane uses. Right here 
there is an error of over 20 per cent. in 
the weight of water, which should be 
8,064,000 pounds per hour, nearly 64 tons 
more than Mr. Lane’s figure. So that Mr. 
Lane’s figure of 47 for ratio between the 
weight of the circulating water and the 
weight of the steam should be changed to 
nearly 55 pounds. 

Another discrepancy in Mr. Lane’s fig- 
ures arises from his comparing the nor- 
mal rating of the circulating pump with 
the two-hour overload of the generating 
unit. The normal rating of the circulat- 
ing-pump units is 90 horsepower each, 
and they are undoubtedly able to carry 
some overload. The normal rating of the 
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steam turbine is 9000 kilowatts, which is 
equivalent to a steam consumption per 
hour of 124,800 pounds. Therefore, the 
normal ratio between the weight of the 
circulating water and the weight of the 
steam is nearly 65 instead of 47. 

From the foregoing it is very easy to 
see that the deficiency in circulating-pump 
capacity cited by Mr. Lane is due entirely 
to his misconception of the weight of a 
gallon. It is true Signor Tosi did not 
state which gallon he meant in his article, 
but it is in the highest degree unlikely 
that he would think of the United States 
gallon of 8.3 pounds, which is given only 
the most casual sort of mention in for- 
eign engineering handbooks, and is omit- 
ted entirely in many. 

A. D. WILLIAMS, Jr. 

Pittsburg, Penn. 





Method of Draining Steam Pipe 











I have had considerable trouble with 
water in the cylinders of my _ engines. 
A 
—{ 





To Blowoff 
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METHOD OF DRAINING STEAM PIPE 


When a sudden load was thrown on con- 
siderable water would sometimes be 
drawn over and cause a click in the 
cylinders for quite a while. 

The steam was supplied by four 72-inch 


by  16-foot horizontal return-tubular 
boilers, the steam passing through a 
12-inch header to the engines. The 


boilers were not fitted with steam domes 
or dry pipes, but the header was fitted 
with a 2-inch diameter pipe which con- 
nected to the boilers through the blowoff 
pipe. 

The nipple which was made into the 
header was screwed in so far that it ex- 
tended up into the header about % inch, 
as at A, so it was necessary for the water 
to stand high enough in the header to run 
over the end of the nipple before the 
bleeder would carry it off; consequently 
when a sudden demand for steam came, 
part of the water in the header was car- 
ried over with the steam. 

I took the nipple out and attached it 
to the header by a “service clamp,” as 
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shown at B. 
had no trouble. 


Since doing this I have 


R. L. RaysBurn. 
Decatur, IIl. 





Dashpot Troubles 





In reading the comments by Messrs. 
Westerfield and Harding, as to the cause 
for Mr. Davis’ dashpot troubles, I do not 
think that they have given all the causes 
for the failure of the dashpot’s seating. 
As far as they have gone, well and good, 
but any engineer will naturally look at 
the dashpot leathers when they begin be- 
having badly, and if they are in bad con- 
dition, it will be seen at once and reme- 
died. 

There are other causes which, I think, 
deserve attention, in addition to the 
causes already given. A good working 
dashpot has a certain strength, and if 
it is loaded beyond that strength it will 
not seat; any air leak in the vacuum pot 
will weaken it, also. 

Many of the old-type dashpots have a 
gasket at the point where the air valve 
is located, which is very narrow, and air 
leaks in at this point, destroying the 
vacuum. The pot will not close, but will 
have to be pushed down by the hook. 

The dashpot and rod may not be in 
perfect alinement, causing too much fric 
tion, but I do net think this is the cause 
of the trouble under discussion. 

I think there is an excessive friction at 
some point in the mechanism. If the bon- 
net is removed, I think it will be found 
that the head of the stem is rubbing on 
the bonnet, causing an load 
on the dashpot. When the engine is run- 
ning the tendency of the steam would be 
to force the head of the stem against the 
bonnet and cause binding. The distance 
between the head of the stem and bonnet 
should .be at least as great as _ the 
thickness of heavy brown paper, and this 
distance is adjusted by the collar on the 
stem. I have had this kind of trouble 
with all types of dashpot. And from the 
fact that Mr. Davis’ valves seat when the 
gear is worked by hand and no steam is 
acting on the head of the stem leads me 
to believe that friction is the cause of the 
trouble. 

The packing on the stem frequently 
causes excessive friction and gives a simi- 
lar trouble. A little water should at all 
times leak around the stem so that the 
packing may get lubrication from the 
steam. In addition to the above causes, 
the air valve, or flap button, which closes 
the air port when the plunger rises, may 
be leaking air, in which case the plunger 
will act badly and not seat. 

JoHN Jones. 


excessive 


Hamilton, Ohio. 





In a recent number Elsworth Davis 


gives an account of trouble with 
seating dashpots. 


non 
I had the same kind 
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of trouble two years ago. I took the 
dashpots apart and releathered them, giv- 
ing them a thorough cleaning, but still 
had the same trouble. 

An additional amount of cylinder oil 
helped a little and gave me an idea that 
the steam valves were binding in their 
seats, but this, on investigation, proved 
otherwise. I found, however, that the 
trouble was in the valve stems. The oil- 
ways on the flange of the valve stem that 
seats against the bonnet of the bell were 
worn smooth and ground into the bonnet. 

If Mr. Davis finds his trouble here, he 
can have temporary relief by taking a 
small diamond-pointed chisel and cut oil- 
ways in the flange on the valve stem. 

J. R. Boyp. 

Rogers, Ark. 





Faulty Piping 


I have often seen faulty piping dia- 
grams and poor connections of various 
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FAULTY 


kinds illustrated in Power, but some pip- 
ing I saw the other day puts everything 
else in the shade. 

Referring to the sketch, it will be 
seen that the steam pipe to the engine 
leads from the safety valve. Never hav- 
ing seen such an arrangement, I inquired 
how it worked without blowing off when 
the engine was running and was told that 
there was a partition inside the valve. If 
this is so it would be well for someone to 
explain this type of valve, for it must be 
an old style. 

The small %-inch pipe was tapped to 
the engine steam pipe, passes along the 
wall to the steam gage and extends down 
to a sink, another pipe leading to a pail. 
It can be readily seen what the effect on 
the steam gage must be when the valve 
leading to the sink or pail is opened. 

ERNEST HALL. 

Saco, Me. 
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Increase of Salary 


In the March number, page 381, 
Charles W. Mitchell mentions an employer 
who is evidently willing to pay his engi- 
neer less than the engineer may actually 
be worth to him, in which respect this 
particular employer is not at all different 
from many others. As to the query: 
“Should the engineer ask for a raise, or 
should he refrain from asking, because 
he prefers to have increases come un- 
solicited and as a recognition of merit?” 
1 believe that the greater part of the 
readers will agree that since the boss de- 
lighted in telling about paying the former 
man less than he might, it is clear that he 
will not offer the desired increase until 
asked, and not then unless he has to. 

The salary of $35 per week and the fact 
that a visible saving of $50 per week may 
be made around the power house indi- 
cate that the plant is no backwoods saw- 
mill or country lighting station, and sug- 
gests that the boss is very probably a 
man of at least a little experience in hir- 
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ing men. If so, he probably has sense 
enough to know about where he can find 
another engineer without much delay, 
should it become necessary. Or, he may 
have a man or two in the power house 
who are, perhaps without knowing it, un- 
derstudies for the job of engineer, and 
these men may have family, property or 
other ties that make it fairly certain that 
they will stay, especially in case the town 
is of but moderate size and there are no 
similar jobs to be had without going 
away. 

If it is in a large town or city the im- 
portant point is, what are other engineers 
of equal ability and in similar plants re- 
ceiving? Also, is there anything unusual 
about this particular power house or the 
requirements of the industry it serves 
making it difficult to break in a new man 
to the special duties required, no matter 
how good an all-round engineer he may 


773 


be? Does the $50 saving require unusu- 
ally close attention to business or a higher 
degree of ability, technical knowledge or 
skill than is to be found in the ordinary 
available engineer who might be called 
in to take our friend’s place? 

After sizing up the boss and his me- 
thods, does he think that a mere request 
not backed up by a better offer elsewhere 
will be favorably acted upon, and can our 
friend so back up his request; or, if not, 
is he prepared to carry out:a bluff if. it 
does not work? In other words, since the 
information given indicates that this con- 
cern, like some others, is not paying any 
larger salaries than it has to and, further- 
more, since the boss is perfectly willing 
that this fact the question 
comes right down to the usual one: “Can 
he fill my place for the same money or 
does he think or know that he can’t?” 
Until our friend can answer this in his 
own favor he may as well preserve his 
rule about never asking for increases. 


A. S. WILLIAMSON. 


be known, 


Urbana, II. 

In answering Mr. Mitchell’s query I 
should say yes, but the engineer should 
first study well the questions: “Am I 
worth more to my employer? Am I doing 
all I can to further his interests? Is busi- 
ness good enough to justify my employer 
to increase his expenses by giving me 
more money? Have I entire 
dence as to my ability to run my part of 


” 


his confi- 
his business on an economical basis? 

An engineer may save $50 per week for 
a few weeks, but he should be careful to 
see that he does not do so at the expense 
of a future shutdown, for a good reputa 
tion is worth as much in this business as 
Having decided to ask for 
more money, do not make the mistake of 
leaning too much on another position you 
may have in view. Your employer may 
have another man in view as well. 

I have found it best to approach my 
employer in a gentlemanly way, state the 
facts of the case, keep my temper and re- 
member that he has more to worry and 
think about, and knows better what his 
own needs are, than I. It is well to re- 
member that the goodwill of a former em- 
ployer has been known to help a man get 
a position where he could get more money 
if his former place did not justify it. 

W. E. Rees. 


in any other. 


Bessemer, Penn. 


My answer is that it depends on the 
type of employer and the fitness of the 
employee. Employers, generally speaking, 
are quick to recognize ability and reward 
it. Sometimes, however, there are em- 
ployers who, although they realize the 
ability of a man, do not increase his wages 
until forced to. 

I know of an instance where a young 
man entered the drafting room of a large 
electrical manufacturing company. He 
was a technical-school graduate, but had 
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had very little practical experience in 
drafting. For this reason, he accepted 
a lower salary than was paid to a new 
draftsman. Being a smart young fellow 
he soon grasped the work and was doing 
as good work and as complex drawings 
as men who were receiving 50 per cent. 
more salary. When he entered the draw- 
ing room he had made a resolution that 
he would never ask for a raise. He 
thought that if he did his best work his 
employer would reward him. After he 
had been working in the same drawing 
room for two years, although the chief 
draftsman recognized his ability, he was 
still working for the amount he re- 
ceived when he entered the employ of the 
company. 

One day, when he spoke to the chief 
draftsman about his salary, that dignitary 
was painfully surprised. He was thinking 
by this time that our young friend was 
pretty easy. He agreed with the young 
man that he thoroughly deserved an in- 
crease and gave it to him. 

Of course, many an employer would 
have recognized his ability and rewarded 
him, but there are quite a few employers 
who still wait until an increase is asked 
for before considering it. This is especi- 
ally true in the case of large companies. 

Pau H. Kerr. 

McKeesport, Penn. 





Criticism of Indicator Diagrams 





In regard to Lindon A. Cole’s cross- 
compound engine indicator diagrams, I 
should say that, on the high-pressure side, 
the head end shows a higher mean effec- 
tive pressure, and is consequently doing 
more work than the crank end. He can 
remedy this by changing the length of the 
governor reach rods. If changed very 
much the position of the safeties should 
be noted when the governor is in its low- 
est position, to see that the valves do not 
pick up. Changing the governor rods will 
change the position of the safety. 

The crank-end diagrams show late re- 
lease, which can be made earlier by chang- 
ing the right and left exhaust rods. By 
doing this, the compression will start a 
trifle later on the crank end, which is not 
a bad condition to have. 

The high-pressure diagrams show slight 
wiredrawing on the steam line, which is 
due either to insufficient steam pipe or 
port area. As to the low-pressure, I 
should first equalize the cutoff, with the 
precautions already mentioned, after 
which advance the eccentric to give a per- 
pendicular admission line, and horizontal 
steam line to the point of cutoff. If the 
engine is single-eccentric, the compression 
will have been increased greatly by this 
act, which can be decreased by changing 
exhaust valves to suit. 

Unless Mr. Cole has some particular 
reason for carrying a high receiver pres- 
sure of 15 pounds, I should advise him to 
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cut it down by lengthening the low-pres- 
sure cutoff, or it may be that he is ad- 
mitting live steam to the receiver, to get 
more work out of the low-pressure cylin- 
der. If he will note the position of the 
governor on the .high-pressure cylinder 
before and after lengthening the low- 
pressure cutoff, he will find it riding a 
trifle higher on an average, of course cut- 
ting off later in the low-pressure cylinder. 
Reducing the receiver pressure will de- 
crease the amount of work done by the 
low-pressure cylinder and cause the high- 
pressure cylinder to do more, but the de- 
creased resistance due to high receiver 
pressure, which is back pressure on the 
“high-pressure cylinder the entire length of 
the stroke,” has a more favorable effect 
from an economical standpoint than does 
the high receiver pressure, from the fact 
that the low-pressure cylinder only gets 
the benefit of it a fraction of the stroke, 
while the high-pressure piston is pushing 
it out of the way all the time. 

By referring to the diagrams A and B 
this is explained. The full lines on both 
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MR. WALDRON’S DIAGRAMS 


the high- and low-pressure diagrams 
represent running with high receiver pres- 
sure; the dotted lines represent the dia- 
grams after the receiver pressure has 
been lowered. On B, the part that is 
cross-hatched represents the decrease in 
the receiver pressure due to lengthening 
the low-pressure cutoff. It will be noticed 
that this loss of pressure is only on a 
portion of the stroke, say one-fourth, 
whereas the effect of decreased resistance 
on the high-pressure cylinder, as shown by 
the cross-hatching in A, is for the entire 
length of the stroke. It is not absolutely 
necessary for each cylinder to do an equal 
amount of work, as experience has shown 
that a compound engine will work satis- 
factorily, and the water consumption will 
be reduced per horsepower with low re- 
ceiver pressure unless extreme conditions 
of load require the low-pressure cylinder 
to do an extra share of work. 
A. C. WALpRON. 
Lynn, Mass. 





I should say that an improvement can 
be made with very little trouble. As far 
as steam distribution and valve adjust- 
ment are concerned, I think the following 
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changes may be made with satisfactory 
results: The cutoff requires equalizing 
in the high-pressure cylinder by either 
shortening the cutoff at the head end, or 


lengthening it at the crank end. Bot) 
head- and crank-end exhaust valves 
should open a little earlier. The other 


features of the high-pressure diagrams 
are good, sufficiently so as to require no 
change. 

For the low-pressure cylinder diagrams 
the following changes are necessary: The 
cutoff requires equalizing as in the case of 
the high-pressure diagrams. Both crank- 
and head-end steam valves require more 
lead, as shown by the rounding corners 
of the diagrams at the intersection of the 
admission and steam lines; the compres- 
sion may also be changed to give 
than that shown at present on both the 
crank and head ends. 

I am of opinion that the receiver pres- 
sure may also be increased, which would 
tend to correct the sloping steam lines in 
the diagrams. If this is done, less lead 
will be required to reduce or do away en- 
tirely with the rounding corners referred 
to. It seems to me that the receiver 
pressure may be increased to 20 pounds 
with good results all round, in the case 
referred to. 

I am simply judging from a number of 
cases I have in mind, and from my own 
experience with compound engines cover- 
ing a period of fifteen years. Of course, 
surrounding conditions largely govern 
the things to which I have alluded, and 
judgment must be brought into play when 
contemplating any change at all. But 
speaking in general about receiver pres- 
sures, I think that in many cases a too 
low rather than a too high pressure is 
carried. 


less 


CuHaArRLEs J. Mason. 
Scranton, Penn. 





Use of Wooden Wedge Rings 





The writer is amazed that any man 
claiming to be an engineer, either me- 
chanical, steam or civil, would resort to 
such an expedient as inserting wooden 
wedges in a pipe line simply in order to 
get the pipe to “line up.” How long does 
he expect these wooden wedges to last in 
the line? Could they possibly last one- 
fourth or one-third the life of the main 
iron pipe? How will he repair the line, 
in a few years, when these numerous 
wedges begin to rot and leaks appear at 
every joint? Probably by cutting out the 
service on the water main and again re- 
sorting to his famous “wooden-wedge 
idea.” 

Mr. Kavanagh evidently had no regard 
for his employers’ interest, or for the 
permanency of his work, but simply got 
the line together so it would hold water 
until he could get away from it. 

Rosert L. RUDDELL. 
Glenville, W. Va. 
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Some Useful Lessons of Limewater 


How the Direction of Electrical Current Can Be Caught without 
Chemical Means; Introduction to the Study of Carbon Compounds 





BY CHARLES 5. 


In the last lesson we studied the sim- 
ple electric current, not with the purpose 
of going into electricity, but simply to 
show that chemical action is essentially 
electrical, and also that electrical action 
may be chemical. The two sets of facts 
which will be worth while to remember 
are that in the primary battery the cur- 
rent goes from the zinc to the copper in 
the battery, the hydrogen appearing at 
the copper pole or cathode, as the metals 
do generally, and when the connecting 
wire is cut anywhere in the circuit, the 
wire, or the end of the wire, leading from 
the cathode becomes itself an anode, and 
the end of the wire leading back to the 
anode becomes itself a cathode. You can 
easily clinch this last group of facts by re- 
membering that acid and oxidizing proper- 
ties are shown at the anode, and basic, 
metallic and reducing properties are 
shown at the cathode. It must be recol- 
lected that we are also speaking of the 
positive current, mainly; and to show 
how the direction of the current can be 
caught without chemical means, it will be 
well for you to try the simple experiment 
shown in Figs. .1 and 2. 


Tue DrreEcTION OF THE CURRENT 
Take the simple zinc-copper couple, con- 
nected by the coiled insulated wire, and 
bend the middle part into several parallel 
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turns, making a coil. Fix this coil so that 
in looking at it from one side the positive 
current from the copper plate goes in at 
the upper left and out at the lower right, 
in the direction of the hands of a clock, 
as shown by the arrows. This coil must 
be large enough to be held over and 
around any simple pocket compass. Let 
the compass lie with the needle pointing 
north and south. Then place the coil so 


that it lies north and south and looking 
from the west, with the current going 
around clockwise. We will suppose that 
the coil has been made and the compass 
needle and coil adjusted before the zinc 
and copper are dipped into the dilute acid. 
The moment the zinc-copper couple be- 
gins to act as the simple primary battery, 
the compass needle will swing around to 
the east (Fig. 2), so that the small elec- 
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tric currents which are always rotating in 
and around the compass will leave the 
needle with its currents parallel with the 
current in the coil from the battery. As 
stated, the compass needle will swing to 
the east, and you can see how this is from 
the simple rule of Clerke Maxwell that 
when looking at the compass needle from 
south to north, the direction of the small 
currents in the compass is clockwise. 
This is shown in Fig. 3. All this is given 
here mainly to show that chemistry is 
essentially electrical, and that in spite of 
its being a gas, hydrogen is chemically a 
metal, just as much as iron, or silver, or 
calcium, the lime metal which lies hidden 
in lime and its compounds. 

The great advantage of clearing all this 
up is that we want to use these lessons as 
the basis for the broad and thorough in- 
troduction to chemistry. In this study it 
will be very handy to have some simple 
system to guide one in keeping his facts 
well classified. Now, it happens that one 
of the clearest and easiest of systems is 
first to study a few of the typical non- 
metals, with the aid of the natural con- 
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trast furnished by the hydrogen and the 
oxygen compounds of the nonmetal in 
question. Thus, if we are studying such 
common things as the compounds of car- 
bon, or sulphur, or nitrogen, it is easy to 
group and remember many hundred facts 
by making a sort of table, or chemical 
map, of carbon, or sulphur, or nitrogen; 
and in each case, by setting down the 
compounds in order from the hydrogen 
or reduced compounds to the oxygen or 
oxidized compounds. You would not think 
of going off to travel or scout in an un- 
known country without a good guide, or 
at least a good map to rely on; and so, 
in the same way, this mapping or tabling 
of the more common and important com- 
pounds of each element in order is the 
guide map of the right road to an easy 
acquaintance with hundreds of important 
and valuable facts. 

That is why we have been spending so 
much time in getting the chemistry of 
oxygen and hydrogen cleared up; they 
are not only important in themselves, but 
they are also important in serving as 
leaders to much other chemistry. I wish 
to make this clear, in regard to these ways 
of using hydrogen and oxygen. Make 
the tables and study them as they are 
given, week by week; but do not forget 
that the tables themselves are not chem- 
istry. The tables merely serve to remind 
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you in systematic ways of the facts that 
you get at by your experiments. 


CARBON 
We will begin this more careful study 
of some of the nonmetallic or acid-making 
elements, by taking up the element carbon. 
You are fairly familiar with some of the 
main facts about carbon. You have made 
carbonic-acid gas (CO) by burning some 
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coal in the bowl of that tobacco pipe, when 
you sucked it through some filtered lime- 
water, and threw down the plain calcium 
carbonate. You also made some of this 
same carbonic-acid gas by decomposing 
some carbonate, like soda, or limestone 
(lime or calcium carbonate) by some acid 
such as hydrochloric acid. You also noted 
that carbon has another common oxide be- 
sides carbonic-acid gas, and that is called 
carbon monoxide (or one-oxide, CQO); 
but you did not make any of this carbon 
one-oxide. 

Yet this lower oxide of carbon is very 
common in some compounds right about 
you, as in the common city gas, of which 
it makes up from 30 to 40 per cent. This 
lower carbon mon-oxide (CO) is also 
always found burning in certain flames 
where you note the peculiar blue or blu- 
ish-green color; as in the furnace when 
you throw on fresh hard coal, or in the 
lower part of a common candle or kero- 
sene-lamp flame, or in the flame of a com- 
mon gas stove, or in the lower part of the 
common gas flame. This gas is found 
almost everywhere where there is any 
common burning; and yet it is not easy 
to make in the pure form, nor is it so 
easy to test as some of the other gases; 
but we will try to get at it in some prac- 
tical way. Of course, you are familiar 
with plain carbon itself; you know that 
coal, charcoal, soot, lampblack, coke, etc., 
are all only so many kinds of carbon. 
Further, you have read that the so-called 
“lead” or graphite, “black lead,” of “lead 
pencils” is carbon; and, of more remarka- 
ble interest, that the diamond itself is 
only very pure and_ hard - crystallized 
carbon. 

Now it is easy to take such facts, and 
they are facts, it is easy to take such 
facts without testing them; but if one 
wants to keep his mind clear, he will ask 
_such questions as these: How would any- 
one prove that such things as graphite or 
lead-pencil stuff and diamond are forms 
of carbon? Someone must have tried the 
proof. How did he do it? And what 
did he do? The answer comes back clear 
and satisfying. Someone burned these in- 
fusible and refractory things, graphite and 
diamond, and all that he got was so much 
of our old friend, carbonic-acid gas. 
Then carbonic-acid gas is only the oxi- 
dized form of graphite and diamond, just 
as carbonic-acid gas is only the oxidized 
form of coal. Then coal, graphite and 
diamond are all only so many different 
forms of the same one thing, carbon. 

But more than this, if one had pure 
forms of coal, graphite and diamond, then 
the same weight of each would give 
exactly the same quantity of the oxidized 
form, carbonic-acid gas. Thus one ounce 
of pure coal, graphite or diamond would 
each give the same quantity of carbonic- 
acid gas, or carbon dioxide (or two- 
oxide). That is, in burning, one ounce 
of either pure coal, graphite or diamond 
would vnite with just 224 ounces of 
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oxygen, making in all 324 ounces of car- 
bon dioxide from one ounce of pure coal 
or graphite or diamond. Just how the 
apparatus would be constructed, how one 
would weigh his different forms of car- 
bon to be burned and, harder still, just how 
one would weigh the gas from the burn- 
ing of the different forms of carbon, all 
this suggests much interesting material 
for cross-questioning ; but it may be said 
that the carbonic-acid gas is absorbed in 
little tubes part full of caustic soda, 
which are weighed before and after the 
test, also the burning is done in pure 
oxygen which, you have already seen, is 
able to burn such hard things as iron. 
But there are other forms of carbon 
compounds, such as the various kinds of 
“hydrocarbon,” that is, compounds of hy- 
drogen and carbon. There is “marsh gas” or 
methane, which has one atom of carbon and 
four of hydrogen in the molecule, thus, 
CH,; there is its brother, ethane, C2He; 
there is its cousin, ethylene, C:H,, not very 
common in large supply; and there is an- 
other cousin, acetylene, C:H2, now very 
common in the acetylene lamps of auto- 
mobiles, where it is made from the action 
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table of these compounds arranged in 
regular order from the hydrogen or re- 
duced end to the oxygen or oxidized end. 
Now you see the advantage of getting 
hold of oxygen and hydrogen as a basis 
for rounding up hundreds of other com- 
pounds of other elements. 

But here is the table. Let us lock at it 
for a few moments. It is one of the most 
wonderful condensations of information 
in a nutshell ever made; and if you mas- 
ter it, you have simply clinched the chem- 
istry of carbon. First, at the left, come 
methane, ethane, the gasolenes, benzines 
and kerosenes; then come the ethylenes, 
represented by common ethylene (C:H,) ; 
then the acetylenes, represented by com- 
mon acetylene (C:H:); then such things 
as the “aromatic” hydrocarbons, repre- 
sented by benzene or benzol (CsHe), and 
so on, for we have merely put down here 
some of the more common and important 
of the hundreds of hydrocarbons, or com- 
pounds of hydrogen and carbon. And 
let us not complain at the deceptive ap- 
pearance of complexity here. It is Mother 
Nature who has made all these things, 
and we are taking up only some few of 



































of water on calcium carbide, another them as types of the others which you 
TABLE OF CARBON COMPOUNDS. 

Reduced Ex- Oxidized Ex- 
treme. treme. 
Ethylene | Acetylene Benzene Carbon Mon- 

Paraffin Series.| Series. Series. Series. Carbon. oxide. Carbon Dioxide. 

Marsh Gas c.4u, | C,H, C,H, Coal co co, 
oH, Graphite Formic Acid | Carbonic Acid. 
Ethane Diamond CO,H H,Co, 
C,H, | Acetic Acid 
Gasolene CH, CO,H 
Benzine | 
Kerosene | 
product of electrical action and intense may, or may not, study later; but, if you 


heat. Then there are hosts of things like 
benzine, and benzene or benzol. Do not 
get these mixed up; for benzine (ine) is 
a mixture of things which are only larger 
brothers of methane and ethane, and 
which come from natural petroleum. In 
refining crude petroleum, benzine and 
gasolene are only so many mixtures of 
kerosene-like things, all members of the 
so-called “paraffin” series ; because paraffin 
wax is only a mixture of several of the 
still larger brothers of methane and 
ethane. 

But benzene (ene) or benzol (CsHe) is 
a hydrocarbon, or compound of hydrogen 
and carbon, from coal tar mainly, although 
it is also found in some native petroleums 
from the Caucasus. This benzene or 
benzol (CiH«) is the first of a class of its 
own, just as marsh gas or methane 
(CH,) and ethane (C:H.«) and the gaso- 
lenes, the benzines, the kerosenes, etc., are 
in a class by themselves. Now you begin 
to get restless, and you feel like throw- 
ing this blind chapter right out of the 
window. But, wait a minute and see how 
easy it is to put it all in clear form so 
that you can see it and remember it. 
Just look at the accompanying simple 








wish to go on, this simple scheme will 
guide you through many a maze _ into 
clear light. 

Now comes carbon itself, with its vari- 
ous forms; then, carbon monoxide or one- 
oxide, related to formic acid, the “red-ant” 
acid (that is no joke, but simple truth) ; 
then carbon dioxide or carbon two-oxide, 
the type of carbonic acid, and there you 
have the whole story of what it would 
take a whole library to tell. 

There is one other point which you will 
want to notice here and that is that the 
chemistry of water is very closely related 
to many of the compounds noted in this 
table of reduced (or hydrogenized) and 
oxidized forms. You remember that we 
have mentioned repeatedly that carbonic 
acid gas is the anhydride of carbonic acid 
proper; that is, the difference between 
carbon dioxide (CO) and carbonic acid 
proper (H:COs) is only a molecule of 
water. You can see this clearly by noting 
this simple equation: 


Carbonic Anhydride 
or Carbonic Acid Gas. 


CO, 


Carbonic Acid. 
H,CO, 


Water. 
H,O + 


This relation between carbon dioxide 
and carbonic acid is noted in the table; 
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and here and elsewhere in other tables 
similar relations imply similar equations 
which you can readily work out for your- 
selves by simply adding the number of 
atoms in the formula of water (H:0). A 
little practice in writing such equations 
will show you just what is the relation 
between any acid and its anhydride. This 
tendency of many compounds to unite 
with water or to give up the ingredients 
of water is one of the great characteristics 
of the chemical conditions under which 
we live; and it is no exaggeration to say 
that we live in the midst of a water chem- 
istry. ‘To show this, suppose you stop 
right here and take a lump of quicklime 
and slack it with water. You have already 
done this repeatedly in making limewater 
and the equation for this is: 


Quicklime or Cal- 
cic Anhydride. 


CaO 


Calcium Hydrate 
or Hydroxide. 


Ca(OH), 


Water. 
+ H,O = 


Similarly, you made carbonic acid, as 
when you treated marble with hydro- 
chloric acid and the equation for this re- 
action is: 


Calcium Hydrochlo- Calcium Carbon 
Carbonate. ric Acid. Chloride. Water. Dioxide. 
CaCO, + 2HCl 


Carbonic Acid. 


Thus, we see that a base may exist in 
the form of the base proper combined 
with the ingredients of water, or it may 
exist as the base anhydride; and, simi- 
larly, an acid may have the ingredients of 
water, or it may exist as the acid 
anhydride, that is, without the water. 
There is one point. which must be noted 
here and that is that it is only oxygen 
acids (that is, acids containing oxygen) 
that show this relation between acids and 
their anhydrides or waterless forms. 

As you look at this table you will note 
that many common compounds of carbon, 
such as wood, paper, starch, sugar, fats, 
etc., do not seem to have any place in the 
table. We shall take up some of these 
substances later; but. here we will per- 
form one or two simple experiments to 
show that they do contain carbon, and 
also to show that they illustrate other 
aspects of this same water chemistry just 
mentioned. Thus, for instance, pour into 
a common fruit jar about an inch of com- 
mon molasses. Then pour over this about 
an inch of strong sulphuric acid and stir 
the two together with a glass rod. You 
will remember that the sulphuric acid is 
very thirsty, and you will see it attack the 
molasses by taking out the ingredients of 
water and leaving the molasses as a black, 
foamy pudding of carbon. Also, if you 
pour a drop or two of the strong sulphuric 
acil on some common wood, you will 
notice at once the black inky spots produced 
by the acid, as though it had charred the 
wood; which it has done, not so much by 
direct burning as by removing the ingredi- 
ents of water, leaving the carbon. That 
is, the wood and the molasses, and simi- 


= Cacl, + H,O + CO, 
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larly starch and sugar and paper, act as 
though they were made up of plain car- 
bon with the ingredients of water; and 
for that reason such substances are called 
“carbohydrates,” that is, 
compounds. 

This is only the introduction to the 
study of the compounds of carbon. If you 
begin to wonder where your friend lime- 
water comes into all of this, just be patient 
and remember that sometimes “the longest 
way around is the shortest way home,” 
and though calcium, the lime metal, may 
not form many compounds directly with 
all the other elements, yet it does form a 
few. In-these compounds we shall find 
that hydrogen is the same sort of thing, 
chemically, for a gaseous metal that cal- 
cium is for a solid metal. We did not 
include in the list of chemicals and ap- 
paratus any calcium carbide, but if you 
happen to know any chauffeur among your 
friends, perhaps before the next lesson he 
will give you a little piece (say an ounce 
or two) of the calcium carbide which he 
uses in his automobile searchlight. We 
will use some of this in the next lesson, 
but meanwhile be sure to keep it in a dry 
jar, for it will not stand long in contact 
with moisture. 

Now that we have a simple chemical 
map of the carbon compounds, it will be 
easy to master the relation of the more 
important ones, which we will consider 
in the next lessons. 


carbon-water 





The Illinois Coalfield 


This is the title of a paper presented to 
the Western Society of Engineers, of 
Chicago, April 7, by A. Bement. Among 
other things the author stated that the 
Illinois coalfield has produced 650,739,771 
tons of coal having a final value of at 
least $1,626,849,427, during which time, on 
a basis of 57 per cent. recovery, approxi- 
mately 279,818,101 tons of coal has been 
wasted. Illinois is the second largest 
coal-producing State in the country, hav- 
ing a coal area of 37,486 square miles, or 
66.94 per cent. of the entire area of the 
State. Also, according to best recent con- 
clusions, it would appear that it contains 
more unmined coal than any other in the 
country. 

Mining in Illinois has been a very sim- 
ple proposition. Wasteful extravagance 
and crude methods have prevailed, but the 
general awakening of the people of the 
whole country to the necessity for the 
conservation of natural resources, and to 
the fact that Illinois mining is advancing 
into territory of thick seams which lie at 
considerable depth and produce a danger- 
ous amount of gas, present many new 
problems of an engineering as well as of 
a commercial nature. 

From_the standpoint of future posterity, 
it is probably fair to say that one of the 
misfortunes of the Illinois coalfield was 


444 
the great abundance of cheap coal availa- 
ble in the past, as this led to extravagance 
and wasteful mining methods. 

While contains a very large 
amount of coal, it is not all available for 
mining under present conditions, and as 
a matter of fact the thinner and deeper 
coal will always be at a disadvantage as 
long as it may meet competition with 
more cheaply mined coal from this or 
other fields. This is a fact that is usually 
not understood in its full significance. 
Really the question is not how much re- 
serve 


Illinois 


coal have but how much is 
there that may be mined to advantage in 
competition with other fields. 

Thus far Illinois has not suffered to the 
extent that other States have from large 
mine casualties, because there is only a 
comparatively small amount of gas gener- 
ated, although operation of the deep mines 
in the No. 7 seam in Franklin county has 
been attended thus far with very 
trous results, notwithstanding that only 
three mines have reached a fair stage of 
development. The reason therefor is 
that a larger quantity of gas is given off 
in these mines, which together with the 
reckless disregard of safety that prevails, 
changes what would otherwise be a good 
safe field to a very dangerous one, giv- 
ing promise that if present disregard for 
safety continues, it will surely distinguish 
itself by such appalling disasters as have 
occurred recently in Pennsylvania and 
West Virginia. The chief cause of such 
accidents is the excessive use of powder, 
which is on the increase and threatens to 
become still more unless 
restrictive measures are enforced. 

Calculation shows that about one-half 
of I per cent. of the amount of coal in 
lilinois has been exhausted, and such fig- 
ure as this is liable to cause one to feel 
that the supply will last a very long while. 
In the past people have been led to be- 
lieve that our would last almost 
“forever,” which gave rise to such expres- 
sions as “inexhaustible supply,” “fuel re 
serve to last for untold ages,” etc. In this 
connection Dr. I. C. White has recently 
shown that when the Pittsburg coal seam 
is exhausted, certain to occur in not much 
to exceed 50 years with present mining 
methods, the industries dependent there- 
upon wiil suffer seriously, and it seems 
reasonable to conclude that such an out- 
come in itself would be sufficient to rob 
these localities of the industrial supremacy 
they now enjoy. 
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coal 


In Illinois the 25 per 
cent. of coal produced from the thin and 
medium thick seams is shipped away, and 
the State is practically dependent for its fuel 
supply upon the product from thick seams 
which contained originally about 34,000,- 
000,000 tons, of which 930,557,872 has been 
exhausted; thus the fuel supply suitable 
for use under present economic conditions 
is only 16 per cent. of the original, for 
while the coal remaining is about 99.5 per 
cent., the really desirable portion is, as 
stated, but 16 per cent. 
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Turbines vs. Reciprocating Engines 





From 10:45, April 12, and continuing 
to the same time on April 13, the 24-hour 
speed test of the U. S. scout cruisers 
“Chester,” “Salem” and “Birmingham” 
was conducted. This is the last of a 
series of tests under the personal super- 
vision of the Board of Inspection and 
Survey of the Navy Department in Wash- 
ington and completes the data for a thor- 
ough comparison of the three types of 
prime mover installed in these vessels. As 
previously mentioned in these columns, 
the “Chester” is equipped with Parsons 
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were made, and the consumption of the 
finest steaming West Virginia coal for 
the entire series of four tests for each 
vessel is given in Table 1. The results 
of the *full-speed test are given a little 
more in detail in Table 2. The figures 
are unofficial, and when the data have 
been worked up by the commission and 
analyzed, which will probably be within 
the course of a few weeks, the results will 
be published in these columns. 

In all four of the tests, the data on coal 
consumption is much in favor of the 
“Birmingham.” This was expected for 
the slow cruising speeds, but at the higher 
speeds and especially on the full-speed 
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“Salem,” which in her trial test had de- 
veloped 20,000 horsepower, could attain 
only 17,000 horsepower upon this oc. 
casion. It was reported that something 
had gone wrong with her starboard tur- 
bine and as a consequence, this machine 
made 15 revolutions less than the port 
turbine. Previous to the test it was 
thought that water was being carried into 
the turbine, but during the trial special 
precautions were taken to drain the sepa- 
rator on the steam pipe, and it was con- 
cluded that there must be some other de- 
fect which could be determined only upon 
an internal inspection. This difference in 
revolutions undoubtedly slowed up the ves- 
sel, and it is asserted that the results of 














TABLE 1. COMPARATIVE COAL CONSUMPTIONS OF THE FOUR TESTS. the test might have had a different out- 
come with the starboard turbine in first- 
Coat ConsuMPTION IN Tons. class condition. 
VESSELS. From the data in Tables 1 and 2 it is 
10-knet. 15-knot. 20-knot. _| Full Speed. — apparent that in the four tests the recipro- 
“ Birmingham” (reciprocating engines)... . 30 70.2 154.5 364* cating engines had all the best of it as 
fn Gnu. | |6& 103.6 209 420 regards coal consumption, and this is all 
the more surprising when a comparison 
*Estimated from 12-hour run. is made with the trial tests of the three 
vessels. Table 3 gives a brief summary 
turbines, the “Salem” with Curtis tur- 
bines and the “Birmingham” with recipro- TABLE 2. DATA ON FULL-SPEED 24-HOUR RUN. 
cating engines. The “Chester” was a 
winner by about 14 miles over the 24- ‘deities —- ten | Gate | mene 
hour course and during the trial covered VESSELS. Miles |Knots per} Tons of Hour, Hour, Miles per 
a distance of 601.92 nautical miles, an Covered. | Hour. Coal. som sone a 
— a ae ee ee ee) ee | ee | | ee ee | ee 
Salem” made 589.12 miles, or an hourly «“galem”.3222222222222227) 589.12 | 24.54 420 17.500 35,000 | 1.45 
average of 24.54 knots, and the “Birming- 


ham” unfortunately was obliged to retire 
from the race at the end of the twelfth 



































TABLE 3. COMPARATIVE DATA ON TRIAL TESTS. 
FULL-SPEED, 4-HOUR RUN. 
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Coal per hour, pounds...... 


rere rr 


Mean speed..... 


pe  NNAT PINE oaks ccs oe cc tance ceee 


Miles per ton of coal 


“Birmingham.’’| ‘‘Chester.”’ “Salem.” 

See ei 24.32 26. 52* 25.94 

bikini 29,904 38,332 38,502 

1.82 1.54 1.51 

12-KNOT, 24-HOUR RUN. 

RE 12.22 12.2 11.93 

paind 4,629 4,091 4,051 

ee 5.96 6.68 6.60 














*Estimated and probably too high. 








hour, due to an accident to one of the 
crosshead boxes. When the test had been 
in progress for about 11 hours, the bab- 
bitt metal in this box suddenly shifted to 
one side, tearing away the oiling gear. 
By using a syringe on the crosshead pin 
the engine was retained in service for 
another hour, when a brass liner sud- 
denly flew out and necessitated that the 
engine be shut down. As it was impos- 
sible to continue the trial under full speed 
the “Birmingham” was withdrawn from 
the race. During the 12 hours she made 
an average of 24.02 knots per hour, and 
estimating a continuance of this perform- 
ance, she would have covered a total dis- 
tance of 576.48 nautical miles in the 24 
hours. 

Previously, tests of 24 hours’ duration at 
speeds of 10, 15 and 20 knots per hour 


run, it was predicted that the turbines 
would easily win in this regard over the 
reciprocating engines. It must be re- 
membered, however, that the speed of the 
“Birmingham” was approximately one- 
half a knot slower than that of the 
“Salem” and the difference in speed be- 
tween the “Chester” and the “Birming- 
ham” was a little over a knot. The 
amount of coal required to gain this last 
knot or even half a knot of speed is out 
of all proportion to the increase in speed, 
and perhaps when the tests are analyzed 
and the official figures are given out, the 
figures on coal consumption will be much 
closer together than they appear to be in 
Table 2. 

It will be of interest to note that 
the “chester” developed 26,000 %indicated 
horsepower during the test, and the 


of these tests in which a screened Poca- 
hontas coal was used, and it will be noted 
that in the 12-knot 24-hour run, the coal 
consumption of the turbines was less than 
that of the engines. It is true that the 
engines had a little the best of it in the 
four-hour full-speed run, but why there 
should be such a difference in coal con- 
sumption of the three vessels in the recent 
tests and not in the trial tests is a ques- 
tion that may perhaps be answered by the 
commission. 

As regards construction, the three 
cruisers are said to be identical in every- 
thing except their motive power. They 
are of a highly creditable design and are 
greatly superior to the “Attentive” class 
of scouts in the British navy. The 
“Salem” measures 420 feet between per- 
pendiculars, has a breadth of 47 feet | 
inch at the water line and an official nor- 
mal displacement on a draft of 16 feet 9 
inches of 3750 tons, the full-load displace- 
ment being 4687 tons. She has two masts, 
four funnels and carries a light armament 
of two 5-inch and six 3-inch rapid-tire 
guns. The vessel is also provided with 
two 21-inch submerged torpedo tubes and 
has been given a water-line belt of 2 
inches of nickel steel. The maximum 
coal-storage capacity is 1250 tons. The 
“Salem” and “Birmingham” are twin- 


screw vessels, while the “Chester” with 
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her Parsons turbines four 
screws. 

Due to the slower speed of rotation of 
the Curtis turbine, when compared with 
the Parsons, it was possible to use larger 
propellers and develop the power in two 
turbines working on two shafts. With 
this arrangement the two turbines oper- 
ate economically, both at high speed and 
at low cruising speed, and develop a large 
percentage of the total power when going 
astern. As no additional turbines were 
required for the lower speeds, the engine 
space required was considerably less than 
that of the equipment of the “Chester,” 
which contains six Parsons turbines 
operating on four shafts. When running 
at high speed, steam is admitted to the 
two high-pressure turbines, from which 
it is exhausted to the two low-pressure 
turbines and thence to the condensers. 
lor low cruising speeds of Io to 12 knots 
an hour this arrangement could not be 
economically used and it was necessary to 
provide a pair of cruising turbines. When 
these machines are in service, steam is 
admitted to them direct from the boilers, 
then passes to the high-pressure turbines, 
is exhausted to the low-pressure turbines 
and finally discharged to the condensers. 
With this arrangement the “Chester” 
showed a better economy at cruising 
speeds than the “Birmingham” in their 
trial tests, but the arrangement, of course, 
‘s subject to the disadvantage that two 
extra units have to be employed, which 
ovdinarily are idle. 

In the Curtis turbine, steam at high- 
pressure is fed through a series of noz- 
zles placed around the circumference of 
the casings and the power is reduced by 
simply closing down the proper number of 
nozzles, instead of reducing the pressure 
of the steam supply by throttling it at the 
valve. For this reason the cruising tur- 
bines required in the Parsons system to 
obtain reasonable economy at low speeds 
are not necessary with the Curtis-turbine 
installation. 

From the standpoint of propellers, the 
Curtis turbine has the advantage. For 
the best results, the propeller requires a 
moderate speed of revolution and a tur- 
bine, especially of the Parsons type, gives 
its best economy at high speeds of revolu- 
tion. It is usually necessary to effect a 
compromise, making the propellers smal- 
ler and running them faster, and the tur- 
bines larger, the design calling for a 
speed less than is desirable for the best 
economy. 

With the reciprocating engine, this diffi- 
culty is not experienced, for large- 
dliameter propellers and slow speeds of 
revolution may be adopted without reduc- 
ing the efficiency of the engine. Between 
the Parsons turbine and the low-speed 
reciprocating engine, the Curtis turbine 
occupies a middle position, and on this 
account it was possible to equip the Salem 
with propellers of unusually high effici- 
ency. At the contract speed of 24 knots 


required 
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their efficiency equaled 62.8 per cent. and 
at 12 knots only dropped to 55 per cent. 
As a comparison it may be noted that the 
propellers of the “Lusitania” have an effi- 
ciency of 48 per cent. 

A feature of the race which adds to 
the interest of the full-speed test was the 
performance of the two turbine vessels 
in running for 24 hours on conditions 
above that required by the guarantee. 
Usually full-speed tests have a duration of 
only four hours, so that continuation of 
the performance attained in a four-hour 
test for a period six times as long is 
worthy of note and goes to show what 
may be expected of this type of cruiser 
in actual service. 





Spring Meeting of the American 
Society of Mechanical Engineers 


The American Society of Mechanical 
Engineers will hold its spring meeting in 
Washington, D. C., May 4-7. Professional 
sessions will be held, at which papers on 
the conveying of materials, gas-power en- 
gineering, steam turbines, the specific vol- 
ume of saturated steam, oil-well pumping 
and various other subjects will be dis- 
cussed. 

The papers to be presented are as fol- 
lows: 

“A Unique Belt Conveyer,” Ellis C, 
Soper. 

“Automatic Feeders for Handling Ma- 
terial in Bulk,” C. Kemble Baldwin. 

“A New Transmission Dynamometer,” 
Prof. William H. Kenerson. 

“Polishing Metals for Examination with 
the Microscope,” A. Kingsbury. 

“Producer Gas vs. Steam for Marine 
Service,” C. L. Straub. 

“Operation of a Small Producer Gas 
Power Plant,” C. W. Obert. 

“A Method of Improving the Efficiency 
of Gas Engines,” T. E. Butterfield. 

“Offsetting Cylinders in Single-Acting 
Engines,” Prof. T. M. Phetteplace. 

“Small Steam Turbines,” George A. 
Orrok. 

“Oil Well Tests,” Edmund M. Ivens. 

“Safety Valve Discussion.” 

“Specific Volume of Saturated Steam,” 
Prof. C. H. Peabody. 

“Some Properties of Steam,” Prof. R. 
C. H. Heck. 

“A New Departure in Flexible Stay- 
bolts” H. V. Wille. 





Correction 


In the description of the Elektra steam 
turbine, in the April 6 number, it was in- 
correctly stated that this turbine is han- 
dled in America by the Alberger Con- 
denser Company. 
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Eccentric Firemen’s Local No. 56 
Has Grown 


On Saturday evening, April 10, the 
Eccentric Firemen’s Association Local 
Union No. 56, of Greater New York, held 
a “housewarming” to celebrate its re- 
moval to the new headquarters, 12 St. 
Mark’s place. While the hall is quite 
large, it proved inadequate to accommo- 
date the attendance, and consequently was 
overcrowded, although everybody had a 
good time. 

Timothy Healy, general president of 
this organization, gave an address of wel- 
come and his remarks proved most inter- 
esting. He said that 10 years ago, when 
they first occupied the premises at 193 
Bowery, they had 300 members, and now 
it is next to impossible to find a hall con- 
veniently located to accommodate _ its 
membership of 2500. 

The entertainment given by the “bunch” 
was warmly received. Refreshments 
were served during intermissions. 





The State University of Illinois, among 
all the American universities, ranks fifth 
in attendance, but it no school of 
mines nor department of mining engineer- 
ing, although Illinois is the second largest 
coal-mining State in the country. There- 
fore the Western Society of Engineers, 
through its president, Andrews Allen, has 
appointed the following committee to 
draft a memorial for presentation to the 
State legislature, petitioning for the estab- 
lishment of a department of mines at the 
State University: A. Bement, chairman; 
F. A. Delano, Bion J. Arnold, John M. 
Ewen, Isham Randolph, Capt. R. W. 
Hunt. 


has 





The executive committee of the Mu- 
seum of Safety and Sanitation, of 29 
West Thirty-ninth street, New York, has 
detailed Dr. William H. Tolman, the di- 
rector, for field work, and he will start 
May 1 on a lecturing tour. Chambers of 
commerce, manufacturers’ associations, 
engineering, insurance and architectural 
societies, railway and other clubs may 
avail themselves of this illustrated exposi- 
tion of devices and methods for reducing 
damage suits and preserving efficiency, for 
the cost of the lantern operator ($10), if 
not too far removed from the itinerary. 





Another old-time engine, “still in the 
traces,” is about to be replaced by an 
uptodate machine. The engine in ques- 
tion is a 16x42, built by George A. Rol- 
lins in 1867 and installed in the plant of 
the Kendall & Hadley Company, Goffs- 
town, N. H., where it has been in daily 
operation ever since. It is to be replaced 
by a 200-horsepower Rollins model No. 2, 
built by the Rollins Engine Company, 
Nashua, N. H. 
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Air in Feed Water Heaters 


The recent papers by D. B. Morison 
and others upon the effect of air in con- 
densers suggest a similar investigation of 
its effects in heaters. These papers point 
out the fact that the deleterious effect of 
air is not confined to the diminution 
which its pressure produces upon the 
vacuum, but that the fact that more or 
less of the cooling surface is air-drowned 
seriously interferes with the access of 
steam to that surface and with the effici- 
ency of the condenser. 

In the open heater the steam mingles 
freely with the water and is condensed, 
while the air escapes by the vent, and 
no steam will get away until the water 
is heated to the full temperature of 
the exhaust if the construction is such 
that the mixture is sufficiently intimate. 
When the steam is condensed the 
air which is carried is left behind and 
simply crowds out an equivalent amount 
of other air, to be itself crowded out in 
its turn with air which will come in with 
other steam. As long as the heater is 
so well vented that air pockets can- 
not form through which water shall 
shower without coming in contact with 
the steam, the presence of the air will 
make no difference. 

In the case of the closed heater the air 
left by the condensation of the steam 
would fill the shell and drown the heating 
surface, just as a condenser would fill up 
with air without an air pump, were it not 
that it were swept out by the steam; and 
unless there is enough of the surface still 
accessible to condense it all some of the 
steam will escape, although the water 
which it was designed to heat may be 
considerably below the temperature at 
which it would cease to condense steam. 
This, rather than the effect of deposits 
upon the heating surfaces, may be the rea- 
son for the low rate of heat transmission 
in some heaters, and for the fact that 
more steam is required in them to raise a 
given amount of water to a given tem- 
perature than when the steam and water 
are directly mingled. The steam has 
not only to do _ the _ heating, but 
enough of it must be left to do the air 
scavenging. 





Boiler Inspection and License 
Laws Desirable 


a 


A recent boiler explosion, followed by 
fatal results, occurred at Farmingdale, 
Me. Newspaper reports say that the 
boiler was considered safe, although it 
had been in use for thirty or more years 
and had passed through one fire. 

Maine, as is well known, has no license 
or inspection law and it is stated on what 
is believed to be good authority that all 
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attempts to call public attention to the 
necessity of such legislation through the 
daily and weekly papers of the State 
were promptly and effectively checked. 

Boiler inspection and engineers’ license 
laws are regarded by a great many power- 
plant owners and users as a species of 
class legislation which must be discour- 
aged, and the press has almost invariably 
echoed this sentiment. 

To the average business man a boiler 
is a boiler, and he resents the idea that 
another should dictate whether he shall 
or shall not use a certain boiler and, if 
used, what pressure shall be allowed. He 
seems to forget that the community has 
an interest in the matter greater than 
his. His interest is primarily a financial 
one, while that of the community is one 
of public safety, which should outweigh 
any private interest. 

It is not assumed that anyone would 
knowingly purchase, install and operate a 
dangerous piece of apparatus, but, un- 
hampered by legislative restrictions, one 
would be very liable to take the chance 
that a boiler which was old and ap- 
parently defective would be safe for a 
few years longer. 

This kind of guesswork should not be 
allowed and the public, which is usually 
inert, should be protected from the proba- 
bility of loss of life or destruction of 
property by the intelligent administration 
of proper inspection laws. As an example 
of what may be expected in a community 
where inspection are intelligently 
administered may be cited New York 
City, where but three boiler explosions 
have occurred since the adoption of in- 
spection ordinances forty-three years ago. 
Furthermore, it is a fact that where 
license laws prevail myriads of defects 
have been found in boilers and_ their 
effacement ordered. 

Of course, inspection will not make a 
dangerous boiler a safe one, but it will 
bring to light all discoverable defects and 
render the operation of boilers and en- 
gines a comparatively safe occupation by 
eliminating as far as possible all doubt- 
ful elements. 

Society makes its roads and_ bridges 
safe and will not allow the erection or 
occupancy of unstable or unsanitary build- 
ings and it should not permit in the use 
of machinery anything that through care- 
lessness or ignorance on the part of one 
person may cause another to be maimed 
or killed. 

There is one class in society which 
should be actively engaged in the work 
of agitating for the enactment of boiler 
inspection and_ engineers’-license laws 
where there are none, and for the improve- 
ment of those which are already in force. 
This class is composed of the great body 
of stationary engineers, whose interest in 
the matter should be impersonal. 

If increased wages and better working 
conditions result from the enactment of 
laws «and ordinances so much the better, 


laws 





April 27, 1909. 


but these results should come as a sort 
of by-product of the operation of rules of 
action which are founded in a desire to 
secure public safety and aim for the good 
of all. 





Engines of High Efficiency 





In the leading article of this number 
appear some remarkable figures on the 
steam consumption of the noncondensing 
Corliss engines installed in the West Point 
plant. One of these units is a 300-horse- 
power simple engine and the remainder of 
the engine installation consists of two 600- 
horsepower cross-compound engines. It 
will be noted that the steam consumption 
per indicated horsepower-hour of the sim- 
ple engine is given as 20.98 pounds, and 
that one of the cross-compounds con- 
sumes but 18.33 pounds of steam for the 
same unit of power. It is not necessary to 
say that these figures are good. Such a 
performance on either engine is excellent, 
and is seldom equaled on units of much 
larger capacity. 

Using the data of the test and bearing 
in mind that the steam was without super- 
heat and assumed to be dry, it is an easy 
matter to compute the amount of heat 
chargeable to the engines, the equivalent 
heat of a horsepower-hour, and from 
these figures the potential efficiency, or 
in phraseology more common, the effici- 
ency ratios of the engines. For the 309- 
horsepower simple engine the proportion 
of available heat converted into work 
proved to be 69.6 per cent., and 79.2 per 
cent. for the 600-horsepower cross-com- 
pound. 

As a basis for comparison it may be 
stated that standard compound engines 
of 5000 horsepower using dry steam and 
running condensing on a vacuum of 25 to 
27 inches rarely exceed an efficiency of 
73 per cent. Their range of temperature 
is, of course, greater, and as a perfect 
vacuum is never attained, it is hardly pos- 
sible to convert into work as large a pro- 
portion of the available heat as in the 
case of the noncondensing engine, in 
which the steam will expand approxi- 
mately to 212 degrees Fahrenheit. With 
noncondensing compound engines  ap- 
proximating the capacity of those under 
discussion, an efficiency ratio of 75 per 
cent. is high, and a ratio of 65 per cent. 
for a simple noncondensing engine of 
medium capacity would be considered 
good performance. For turbines the effici- 
ency ratio is lower, and will vary from 
50 per cent. for the smaller sizes up to 72 
per cent. for turbines of the largest capa- 
city, and only when using superheat of 
100 to 150 degrees and employing a vac- 
uum of 29 inches. ‘ 

From the previous data a fair idea will 
be obtained of the unusual performance 
of the engines in the West Point plant, 
and of the two the steam consumption of 
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the simple engine is perhaps the more re- 
markable. It should be borne in mind 
that the figures were obtained in a test 
performance with all conditions favora- 
ble. A duplication of the results in ordi- 
nary everyday practice would scarcely be 
expected. It is not our purpose, how- 
ever, to detract from the exceedingly 
good showing made by the engines, for 
even as test figures the values obtained 
are Of the best and the performance of the 
engines highly commendable. 





Engineer Heroes 


In the distribution of hero medals in- 
dividuals in the humbler walks of life, 
whose title to the honor of being classed 
among real heroes is unquestioned, have 
been overlooked. Two possible boiler 
explosions have recently been prevented, 
one in Massachusetts and the other in 
Rhode Island, by the prompt and heroic 
action of the men under whose charge 
the boilers were being operated. 

In general features the incidents were 
identical. Passing along the side of the 
boiler the men _ noticed steam issuing 
from the brickwork covering the top of 
the boiler. Seeing the source of this un- 
usual steam flow, bricks 
until the entire seam was uncovered, 
when it was seen that the steam came 
from a crack extending along a row of 
rivets in the boiler shell. Fires were 
drawn, pressures reduced and then, and 
not until then, when all possibility of 
danger had been removed, the owners and 
others were notified of what had faken 
place. 


were removed 


When each of these men saw the steam 
coming from a part of the boiler where 
there was no legitimate opening, they 
knew that it was something more serious 
than a leaking rivet. They knew that a 
crack in the sheet was to be expected and 
they knew, too, that if a crack existed 
the boiler was dangerous. They did not 
run; they did not lose their heads and 
raise an alarm. They calmly investigated 
and when the investigation was finished 
did the right thing, not with flourish of 
trumpets and a splurge, but so quietly and 
sensibly and in such regular order that 
no one knew what was going on until the 
danger was passed. 

Perhaps neither of these boilers would 
have exploded immediately, but might 
have held on for some time, until some 
morning, just as the operatives were 
gathering for work, the rupture would 
come and another “hidden-crack” boiler 
explosion, with its attendant loss of life 
and destruction of property, would be 
telegraphed across a continent. 

There are many human beings alive and 
well today in Massachusetts and Rhode 
Island, who owe their lives to these mod- 
est engineers, whose names have never 
been head-lined in the evening papers nor 
slated for hero-medal awards. 
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Boston Meetings of the Mechan- 


ical Engineers’ Society 
Nearly 200 engineers of Boston and 
Vicinity assembled in the auditorium of 
the Edison Company, at 39 Boylston 
street, Boston, on Friday evening, April 
16, to consider the advisability, or, as it 
turned out, to express their unanimous ap- 
proval, of holding local meetings in that 
city of the American Society of Mechani- 
cal Engineers. The meeting was called to 
order by Irving E. Moulthrop, of the 
Edison Company, who stated that about 
10 per cent. of the entire membership of 
the American Society of Mechanical Engi- 
neers resided within an hour's ride of 
Boston and that the meeting was a result 
of numerous expressions on the part of 
members of the engineering profession 
that frequent local meetings of the society 
should be held in that city. 

President Jesse M. Smith and Secretary 
Calvin W. Rice were present and ex- 
plained the policy of the council of the 
scciety to encourage local meetings and 
announced the fact that the St. Louis 
members had just inaugurated the prac- 
tice. Remarks in favor of local meetings 
were made by Mr. Bartlett, of the Bos- 
ton & Maine Railroad; Mr. Bryant, vice- 
president of the civil engineers; Paul 
Windsor, of the Boston Elevated; Profes- 
Marks, Bird, Swain, Lanza and 
Anthony; Mr. Jackson, of the electrical 
engineers; Francis W. Dean and others, 
and a committee was appointed to carry 
that purpose into effect. 


sors 





‘Some Nice Warm Spr ng Morning” 

“You see,” said the central-station man, 
“if we can't get the building manager to 
close down his electric plant and buy 
electricity from us in the winter time, we 
don’t give it up.” And then as his face, 
for some unknown reason, widened out 
into a hard smile, he said: “We just call 
on him on some nice warm spring morn- 
ing and suggest that he buy street current 
for a few months to prove or disprove 
our claims regarding the economy of cen- 
tral-station service. You what a 
‘cinch’ that is for us—long days, no heat- 
ing necessary, many tenants away, early 
closing hours, people outdoors all even- 
ing—so by the time the trial period is up, 
all we have to do is to tell him it won't 
cost very much for low-pressure steam 
heating the following winter, 
are smart enough, he 
contract !” 

“But,” said I, “when the dark days come 
on, when the people return from the coun- 
try, and when the heating season starts in, 
he wakes up, doesn’t he?” 

“Well, really,” said the central-station 
man, “sometimes they save money all the 
year through!” 

A duet of two horse laughs and another 
round of drinks ended the confession. 


see 
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Power Plant Machinery and Appliances 


of 


or 


Power Devices 
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No Manufacturers Cuts 
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The Elliott Mechanical Stoker 


The Elliott mechanical stoker, manu- 
factured by the Ridgway Manufacturing 
Company, Ridgway, Penn., mechanically 


tube, only one being used under ordinary 
operating conditions, however. 

“Crusher and regulator” is a term 
properly applied to the device shown at 
A, as it not only crushes the coal but regu- 
lates the amount fed, through the turning 


INTERESTING 


of the handwheel E, which throws the 
gears into position to operate the crusher 
faster or slower, as desired. At the same 
time the worms revolve at increased or 
decreased speed in response to the speed 
of the crusher and regulator. The worm 
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FIG. I. 


grinds and regulates the feed of coal to 
the furnace, distributes it over the grate 
and removes the from under the 
grate. The coal is fed, from a storage 
bin over the boiler, to what is termed a 


ashes 


crusher and regulator, the crushed coal 
passing to either side of the crusher A, 
Fig. 1, into the worm conveyers BB, 
which carry it into the rotary turbines 
CC, located at either side of the boiler 
front, as shown. 


+ 


the coal to the grates through the delivery 
chutes DD, Figs. 1 and 2. The passage 
of the coal is assisted by a small jet of 
steam, a 3-inch pipe supplying sufficient 
steam to operate the two stokers. The 
steam jets are arranged as shown in Fig. 
1. There are two wheels for regulating 


the amount of steam for each delivery 


These turbines distribute’ 


ELLIOTT MECHANICAL STOKERS, WITH AND WITHOUT CASING 














FIG. 


2. SIDE VIEW, SHOWING DELIVERY CHUTES, ETC. 
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FIG. 3. ELLIOTT MECHANICAL 
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STOKERS AT THE RIDGWAY 


DYNAMO AND ENGINE COMPANY’S PLANT 


is operated by a noiseless chain belt as 
shown. Fig. 1 shows stokers with and 
without the casing in place. The driving 
shaft which extends across the front may 
be coupled to as many stokers as desired. 
The stokers are usually motor-driven, but 
may be operated by a small steam engine. 
Fig. 3 shows an installation at the boiler 
plant of the Ridgway Dynamo and Engine 
Company, Ridgway, Penn. 

The grates are inclined toward the cen- 
ter, Fig. 4, and are actuated slowly by the 
eccentrics F F, Fig. 1, designed to provide 
a constant, slow-opening-and-closing move- 
ment, thereby keeping the fire in a clean, 
bright condition, at the same time spilling 
the ashes and preventing the fuel from 
coking and the dead ash from interfering 
with the air supply. 

Provision made, in case of 


has been 
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extremely poor fuel, to dump the larger 
pieces of clinker and refuse by hand, by 
means of levers, one of which, G, is 
shown at the left of Fig. 1. As shown, the 
lever is in proper position to drop the 
lower section of the grate, to free it of 
accumulated clinker, etc. After the refuse 
has been dumped the lever is removed 
and the lever holder thrown downward, 
causing that section of the grate to be 
interlocked with the rest, in position to be 
operated by means of the eccentric. At H 
is shown one of the lever holders in the 
locked position. In this manner every 
square inch of grate area can be made 
available to handle its proportion of fuel. 
The ashes not spilled by the grate are 
gradually worked to the center, by the 
constant movement of the grate, and fall 
onto a worm conveyer, as shown in Fig. 
4. Under the grate (Fig. 4) will be seen 


four shafts, two for each side of the 
furnace, each set being connected by 


means of chain belts, to which are secured 
angle irons which scrape the ashes from 
top of the level concrete flooring of the 
ashpit. 
bedded in the cement there is no possi- 


As the frame of the worm is im- 


bility of its being thrust out of position. 
The worm conveyer is operated by means 




















FIG, 4. SHOWING 




















FIG. 5. 


TOP AND BOTTOM VIEWS OF A GRATE BAR 


POSITION OF GRATES, 


WORM CONVEYER, ETC, 


of a gear driven by the shaft 


shown in Fig. 1. 


upright 


The grates are set at an angle of 16 
degrees, each section easily removable by 
inserting eyebolts in the ends and lifting 
them from the frame. As the grate bars 
are provided with round projections aj 
each end, there being no bolts, chains, 
ete., the replacing of the grate is easily 
accomplished. Top and bottom views of 
a grate bar are shown in Fig. 5. That the 
design is eminently suitable for this ‘type 
of furnace was evident from the appear- 
ance of an old grate, which the writer 
saw, which had been in use in a stoker of 
different design for two and a half years 
and showed no indications of wearing or 
burning. 





Obituary 


We regret to record the death of Ira 
Watts, who died of Bright’s disease, on 
April 15, at Spokane Falls, Wash. He 
was 49 years of age, and was born in 
Malden, Mass. Early in life he was con- 
nected with the Bell Telephone Company 
and, being an earnest student, became an 
expert electrical engineer when quite a 
young man. He served two years in the 


engineering department of the United 
States Navy. He was for many years 
chief engineer of the Knickerbocker 


building, corner of Broadway and Thirty- 
eighth street, New York, and _ superin- 
tended the many plants belonging to the 
Goelet estate. About three years ago he 
removed to Spokane Falls, where he was 
engaged as consulting engineer. Mr. 

















THE LATE IRA WATTS 


Watts was for 12 years secretary-treas- 
urer of the Life and Accident Department 
of the N. A. S. E. and a member of James 
Watt No. 7, of the same organization. 
He also instituted an association of this 
order at Spokane Falls. Mr. Watts was 
an ardent worker toward the betterment 
of engineers and he will be mourned by a 
great many friends. 


The late John McKay, chief engineer 
and superintendent of the City Investing 
building, New York City, whose death we 
announced in the April 20 number, was 
50 years of age. His death occurred on 
April 10, after a brief illness and follow- 
ing an operation for appendicitis. The 
funeral services were held at his late resi- 
dence, 1429 Forty-eighth street, Brooklyn, 
on Tuesday evening, April 13. Mr. Mc- 


kay was a charter member of Phecenix 
Association No. 24, N. A. S. E., and a 


836, 


member of Sandalphon Lodge No. 
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THE LATE JOHN MCKAY 


He was one of the most 
in New York and 


F. and A. M. 
prominent engineers 
had a host of friends. 





Marine Engineers’ Annual Dinner 





The fourteenth annual dinner of the 
Marine Engineers’ Beneficial Association 
No. 33, of New York City, was held on 
Wednesday evening, April 14, at the 
Broadway Central hotel. The inclement 
weather did not damper the ardor of the 
members and friends and the large dining 
was well filled, there being fully 
250 seated at the banquet. Among them 
were many prominent’ in the engineering 
world. The subjects chosen by the speak- 
ers were of a nature to engage strict 
attention and to impart important’ knowl- 
edge to those present. During the even- 
ing William Du Boise introduced the fol- 
lowing: John E. Berry, president of No. 
33; Captain John H. Pruett, national 
president of the Master Mates and Pilots 


room 


Association; Captain John M. Cherry, 
marine superintendent, Lehigh Valley 
Railroad; J. L. Du Broque, assistant 


superintendent of motive power, Pennsyl- 
vania Railroad; L. B. Dow, general mana- 
ger of Harbor No. 1, Mates and Pilots 
Association. 

An enjoyable entertainment was given 
by Herbert Self, Henry Elder, “Joe” 
McKenna, William Murray, Frank Cor- 
bett, Edward Campbell, Robert Webb, 
John L. Wilson and “Jack” Armour. 





Help Wanted 


Advertisements under this head are inserted 
ag cents per line. About six words make 
a line. 


WANTED—tThoroughly competent steam 
specialty salesman; one that can sell high- 
grade goods. Address “M. M. Co.,” PoweEr. 


AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 


WANTED—By manufacturer, thoroughly ex- 
perienced man to sell hangers, shafting and 
transmission machinery in New York City 
and vicinity. Must be capable, energetic. 
We want the best man in this line of business. 
“Jj. C. D.,” Box 36, PowEer. 





April 27, 19009. 





WANTED—One or two_ exnerienced ” sales- 
men in line of engines, boilers, tanks, pumps, 
etc., thoroughly acquainted with . mar et in 
and around New York City. Only - experi- 
enced men wanted. Good positions. open for 
tight men. Box 37, PowEr. 


WANTED-—First-class salesman, must have 
established trade among steam -users in engi- 
neers’ and factory 7 oo in Greater New 
York and _ vicinity. ine position for right 
man Box 35, POWER. 


WANTED—-By manufacturer, thoroughly ex- 
perienced man to sell hangers, shafting and 
transmission machinery in New York City 
and vicinity. Must be capable, energetic. 
We want the best man in this line of business. 

“J.C. D.,”’ Box 36, PowEr. 


WANTED — AT ONCE, one practical engi- 
neer suitable for a large power plant, equipped 
entirely with gas engines which furnish current 
for electric railroad and lighting purposes. Plant 
located in a western town. First-class refer- 
ence must be furnished from last employer. 
“K.,"’ Box 38, PowEr. 


Situations Wanted 


Advertisements. under this head are inserted 
for. 25 cents per line. About six words make 
a line. 


POSITION as fireman or assistant electri- 
cian by young man of 20. Student I C 
Two vears’ Sy with small boilers ond 
engines. Box 93, R. F. D. No. 1, Deshler, Ohio. 


EXPERIENCED GAS ENGINE MAN wants 
position witn manufacturer, contracting engi- 
neers or take charge of large gas engine plant. 
Has technical education and experience as 
salesman, erector and repairman “H K. W.,” 
Box 178, Edgartown, Mass. 


POSITION—Single man, eight years’ experi- 
ence, steam-electric plants as chief and assistant. 
Good references, speak Spanish, prefer Mexico, 
Hawaii or Spanish country Employed steam 
turbo-electric plant in Mexico. Address “ gg 
Box 184, Seneca Falls, Kans. 


POSITION with large company as traveling 
or supervising engineer of power plants and 
machinery. Hold such position at present 
with large corporation, having charge of power 
plants and machinery upkeep, boiler tests, 
engine indications, etc. Box 40, Power. 


WANTED—Pos:tion by an experienced engi- 
neer and electrician capable of handling a large 
proposition, now holding a_ responsible posi- 
tion with a large corporation; will give good 
reasons why change is desired to interested 
parties; would like a hard proposition. Box 
39, Pownr. 


POSITION wanted by a mechanical grad- 
uate of a leading Western university. Ex- 
perienced in drafting, two years’ practical 
experience in machine shop, and two as assistant 
master mechanic with a company operating 
sixteen iron mines Prefer similar position, 
but will consider any good mechanical engi- 
neering work. Can furnish references from 
above company and present employer. Box 
41, POWER. 


Miscellaneous 


inserted 
make 


under this head are 
About six words 


Advertisements r 
for 25 cents per line. 
a line. 


PATENTS secured promptly in the United 
States and foreign countries Pamphlet of 
instructions sent free upon request. CL. 
Parker, Ex-examiner, U. S. Patent Office, 
McGill Bldg., Washington, D. C. 


For Sale 


under this head are 
About six words 


inserted 


Advertisements 
make 


for 25 cents per line. 
a line. 
150 HORSEPOWER tandem compound Cor- 


diss engine in good order; 16’ wheel; 24 in. face 
F. W. Iredell, 11 Broadway, New York. 


GET THE MEAN PRESSURE of diagrams 
by ‘Bill,’ the best planimeter; $1.50 to = 
Eyermann, Consulting Engineer, Du Bois, Pa 


FOR SALE—20x48 ‘Wheelock engine and 


two 72x18’ high pressure tubular boilers {a 
ood condition cheap. Address “ Engineer,’ 
ox 2, Station A, Cincinnati, Ohio. 








n= 





May 4, 1909. 


POWER AND THE ENGINEER. 


NI 
io) 
uw 


An Exhaust-Steam Turbine Installation’ 


With No Additional Steam Net Output of Noncondensing Engine Plant 
May Be Increased 75 Per Cent. by the Use of Exhaust-steam Turbines 





BY W. S. 


While the title of this paper is a gen- 
cral one, it really deals with the exhaust- 
steam-turbine plant recently installed in 
connection with the Thirteenth and Mt. 
Vernon streets power house of the Phila- 
delphia Rapid Transit Company. This 
station is part of the original Philadel- 
phia Traction Company’s power equip- 
ment and was built some years ago when 
the system was smaller and the problem 





TWINING AND W. 


ecotfomy, as far as the operation of the 
plant was concerned. The cost of the 
feeders and the money invested in them 
was a much larger item to be considered 
than any, increase in economy which might 
be obtained from operating the station 
condensing. The station was therefore 
located in the central part of the city, 
where no water supply was available and 
consequently was operated noncondensing, 


C. KERR 


After a time, however, new stations 
were in course of construction which were 
equipped with steam turbines and in every 
way more modern appliances, and prom- 
ised very much better economy. At the 
same time the output of the Mt. Vernon 
station was increasing steadily and no 
facilities were at hand for increasing the 
amount of power at this point. These two 
facts combined caused the condensing 














FIG. I. LOW-PRESSURE 800-KILOWATT TURBINES INSTALLED BY PHILADELPHIA RAPID TRANSIT COMPANY 


f distributing by means of high-tension 
ders and rotary-converter substations 
id not been satisfactorily solved. The 
tation was equipped entirely with direct- 
irrent machinery and the location was 
‘termined more with the idea of short- 
ing the length of the feeder cables than 
th the idea of securing a maximum 
“Paper read before the American Institute 


Electrical Engineers, Philadelphia section, 
tober 12, 1908 


the engine cylinders being proportioned 
for this condition. The load conditions 
at this station are very constant, and even 
though it operated noncondensing its re- 
cords compared quite favorably with the 
monthly results obtained in other stations 
which operated condensing, but under 
poorer load conditions. For a considera- 
ble period of time no thought was given 
to changing it to a condensing station, as 
this involved numerous difficulties. 


problem to be considered again. As no 
water was available it was necessary to 
install cooling towers, or some other 
means of cooling the water. The layout 
of the station is not such as to adapt 
itself readily to the installation of conden- 
sers, as all available space had already 
been used. The engines and generators 
also were of insufficient size to stand any 
great increase of load for a long period 
of time. This increase of load could 
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readily be obtained by .running the en- 
gines condensing, but it was felt that this 
would overtax them, and the generators 
could probably not stand this increase of 
load, which the engines would be capable 
of driving, as they would be operating at 
all times under an overload condition. 
Another difficulty which presented itself 
in connection with the changing of the 
plant to noncondensing was the exhaust 
piping. This piping had been in service 
a number of years and no provisions were 
ever made to make it vacuum tight, as it 
exhausted directly into an open exhaust 
stack without any back-pressure valve. 
To place condensers on the engines meant 
tearing out all the exhaust piping and 
rebuilding the system to operate under 
vacuum, and as this station is in service 
at all times, it would have been a more or 
less difficult and expensive undertaking. 

About this time the exhaust-steam tur- 
bine proposition presented itself, and while 
it was considered theoretically possible, 
it had not been tried on a large scale. 
However, it was finally decided to try an 
experimental installation at this plant. 
The cost of the equipment was estimated 
and the probable operating expense as 
well. There appeared to be a decided 
advantage in favor of the turbine from 
the fact that the station output could be 
increased, even though the total station 
economy was not materially improved. 
Investigation finally resulted in the pur- 
chase of two 8oo-kilowatt direct-current 
machines, which were placed on the top 
of part of one of the foundations provided 
for a future engine unit. 


ORIGINAL NONCONDENSING PLANT 


The original design of the station pro- 
vided for six Wetherill twin tandem 
compound Corliss engines, 26x40x48 
inches, operating at 80 revolutions per 
minute with 160 pounds initial steam pres- 
sure. Each pair of engines is direct-con- 
nected to a 1500-kilowatt direct-current 
generator. Part of the exhaust steam was 
used in a system of open heaters for 
heating the feed water. All the auxiliaries 
were steam driven and exhausted direct 
into the main exhaust stack of the station. 
The layout of the station provided for six 
units, three on each side, with the high- 
pressure cylinders facing each other, mak- 
ing two lines of three engines; the genera- 
tors facing the east and west walls of the 
station. Four of these units were in- 
stalled at first. The original heater equip- 
ment was located in the boiler room, but 
this, after a short time, proved to be in- 
sufficient for the requirements, and pro- 
visions were made for installing a large 
heater and purifier plant. As the space 
required was considerable, the only availa- 
ble location was in the engine room, and 
in order to do this it was necessary to take 
half of the space allotted to the sixth unit. 
About this time, the fifth unit was in- 
stalled, which then completed the station 
as far as the original building was con- 
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cerned; it being impossible to place a 
sixth unit as originally intended. 

The boiler-room equipment had also 
reached its maximum at this time, which 
consisted of nineteen 375-horsepower Bab- 
cock & Wilcox boilers, and one 400-horse- 
power Parker boiler, making a total of 
7525 boiler horsepower. This would not 
permit of any farther increase, as all 
available space in the boiler room had 
been used. 

The main exhaust system consists of 
two exhaust lines, one on each side of the 
engine-room basement, each designed to 
take care of three units. These lines join 
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EXHAUST-STEAM TURBINES INSTALLED 

In placing exhaust-steam turbines in 
this plant very few changes were made in 
the general scheme of exhaust piping. 
The east and west mains in the original 
design were left exactly as they were. 
The only change made necessary to in- 
stall the turbines was to replace an ell 
by a tee in the 24-inch exhaust line on 
the east of the station. Steam in 
passing from the 24-inch line is carried 
into an oil and water separator placed in 
the basement, from either side of which 
a 16-inch connection carries steam up 
through the throttle of the turbines. As 


side 





FIG. 2. 


at the center of the station and enter the 
exhaust stack by means of a 36-inch main. 
The stack is placed at the end of the en- 
gine room and is 8 feet in diameter by 
125 feet high. It is designed to take care 
of the exhaust of the entire plant. Three 
tees are placed in the main exhaust line 
just before it enters the stack and these 
connections turn upward and supply steam 
to the three feed-water heaters, which 
have been referred to. This will give a 
general idea of the arrangement of the ex- 
haust connections of the plant previous to 
the installation of the exhaust-steam tur- 
bines. 


ADMISSION 


SIDE OF TURBINE 

the plant, under ordinary conditions, oper 
ates with an excess of exhaust steam, it 
was not necessary to place any atmos 
pheric valve on the main exhaust line, 
there always being sufficient steam goin: 
up the exhaust stack to form a seal and 
so prevent drawing air back from the 
stack or heaters into the turbine. After 
the change was made there was no differ 
ence whatever in the general operating 
conditions of the engines, there being no 


exhaust back pressure and, in fact, if any 


thing, there was a reduction in pressure 
on the main adjacent to the turbines; at 
times there has been noted to be % inch 
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of mercury below the atmosphere when 
the station load was comparatively low 
and the turbine loads heavy. This ar- 
rangement gives extremely simple condi- 
tions, and the turbines can be put into 
service, or taken out, by simply opening 
or closing the throttles, as no other valves 
are required to be manipulated; the only 
change in the plant consisting in the 
amount of steam which is going up the ex- 
haust stack. 


CONDENSING EQUIPMENT 


The condensing equipment of the plant 
consists of two 8000-square foot counter- 
current Alberger surface condensers, each 
connected directly to the turbine by means 
of a short makeup piece. The condenser 
and turbine are placed on the engine-room 
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slide-valve gear and with Corliss valves 
on the vacuum cylinder. 

The water circulation through the con- 
densers is maintained by means of a I2- 
inch Kingsford centrifugal pump placed on 
the outlet side of the condenser, so as to 
reduce as much as possible the pressure 
from the towers. This pump is operated 
by a variable-speed 550-volt direct-current 
motor, so designed that the pump may be 
operated at anywhere between 600 and 800 
revolutions. This permits of the adjust- 
ment of the circulating water required to 
give the vacuum under different atmos- 
pheric conditions. One pump and motor 
are provided for each condenser, but no 
provisions have been made for cross-con- 
necting them, owing to the lack of space 
for water piping. 


On the bottom of condenser is 


each 
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the throttle of the pump and regulates it 
so as to hold the water at a fixed point in 
the hotwell, preventing the possibility of 
the pump running dry and becoming filled 
with steam. 


WaATER-COOLING PLANT 


As before stated no water was available 
at this station for condensing purposes 
and it was necessary to install a plant of 
three cooling These cooling 
towers were erected against the north end 
of the building and carried on an elevated 
platform built entirely of reinforced con- 
crete, the floor of this platform being 42 
feet above the street level and 30 feet wide 
by 80 feet long. The structure for sup- 
porting the platform consists of eight re- 
inforced - concrete 


towers. 


columns, braced by 


means of a system of struts and tension 
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FIG. 3. 


floor level, the exhaust entering the con- 
denser at one side of the base and pass- 
ing upward through the tubes. They are 
of the three-pass design, the water enter- 
ing at the top at one end and passing 
downward countercurrent to the steam in- 
troduced at the opposite lower end. Each 
ondenser is equipped with a 1ox18x18- 
inch horizontal rotative single-stage dry- 
acuum pump. They are, however, cross- 
mnected in such a manner as to permit 
i interchanging the vacuum pumps on the 
‘ondensers, or running the two condensers 
gether on one or two pumps. The suc- 
m for the dry-vacuum pumps is taken 
mm the top of the condenser and is 
ssed through a moisture separator, pre- 
nting any possibility of water entering 
vacuum cylinder. These pumps are 
the center-crank pattern having plain 


PLAN OF EXHAUST PIPING IN STATION 
placed a hotwell 36 inches in diameter, 
which is bolted directly to the bottom 
shell of the condenser below the exhaust 
inlet. The water of condensation collect- 
ing in this hotwell is removed by means 
of a 6x7'%x6-inch duplex piston-pattern 
pump. This pump works against 27 to 28 
inches of vacuum and is, therefore, placed 
considerably the bottom of the 
condenser, thus taking advantage of the 
additional head of water on the suction. 
As the water coming from the condensers 
is almost entirely free from oil, it is dis- 
charged directly into the feed-water heat- 
ers, the temperature of the water being 
within one to two degrees of the theoreti- 
cal steam temperature in the condenser. 
The pump is controlled by means of a 
float placed in the hotwell. This float is 
connected by a system of levers to act on 


below 


members, similar to that used in ordinary 
steel construction; the tension members, 
steel rods with turn 
buckles, while the struts consist of rein- 
forced concrete of ordinary beam. con 
struction. These towers in working order, 
with water, weigh 225,000 pounds, which 
total load on the structure of 
675,000 pounds. The concrete floor on 
which these towers rest is carried by a 


however, being 


makes a 


series of reinforced-concrete beams, some 
of which are of considerable depth, the 
beams being so placed as to carry the uni 
form floor load and also to take care of 
the concentrated loads which come at 
certain parts of the bases of the towers. 
The towers are circular, being 22 feet in 
diameter by 41 feet high. Each tower is 
equipped with two 108-inch fans, on op- 
posite sides and operated by the same 








788 


shaft. These fans run at approximately 
310 revolutions and are driven by means 
of 40-horsepower variable-speed 550-volt 
direct-current motors, which are placed on 
the floor directly beneath the main plat- 
form and drive upward by means of belts. 
The motors are controlled by variable- 
speed automatic starters placed in the en- 
gine room and operated by the remote- 
control system. 

3,500,000 
3,000,000 
2,500,000 
2,000,000 
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type and are of the same general design 
as the low-pressure end of the high-pres- 
sure Curtis turbine. They have, however, 
only three stages with 10 admission valves 
controlling the admission of steam to the 
upper stage. These valves are operated 
by hand by means of levers placed at the 
side of the turbine casing. The machine 
operates without any  speed-regulating 
governor and the load is regulated en- 
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RIED BY 


The warm water from the condensers 
is discharged upward through a 20-inch 
main and is carried along beneath the base 
of the towers, one connection going up to 
the top of each tower and supplying the 
distributor. The distributor consists of 
an eight-arm revolving spider which is 
propelled by reaction jets. This dis- 
tributes the water over the filling of the 
tower, which consists of a latticework of 
1x6-inch boards filling about the middle 
third of the tower. The outlets from the 
bottoms of the tower are manifolded to- 
gether by a 20-inch header and carried 
down to the engine room, one 14-inch 
branch going to each condenser. 

The feed water for the entire steam 
plant is taken from the discharge side of 
the circulating pumps and delivered to the 
feed-water heaters through regulating 
valves, which makes it necessary to make 
up the shortage of water in the towers 
about once every half hour. This is ac- 
complished continually by means of an 
automatically controlled variable - speed 
motor-driven pump. This pump is oper- 
ated by means of a float placed in the 
towers. The discharge of this pump is 
put into the down line from the towers so 
as to take advantage of the cold water 
running through the condensers. 


EXHAUST-STEAM TURBINE DETAIL 
These turbines are of the Curtis vertical 
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tirely by the number of admission valves 
which are open. A safety-stop mechanism 
is provided automatically to cut the steam 
off from the turbine in case of the open- 
ing of the circuit-breaker. This governor 
trips a butterfly valve which is closed by 
a weight. Under ordinary conditions the 
valve is held wide open by means of a 
latch. Should the turbine run above nor- 
mal speed for any reason, the speed-limit 
governor comes into play, trips the latch 
and shuts the butterfly valve, thus pre- 
venting racing. The generators are shunt 
wound, but provided with commutating 
poles between the main field coils; other- 
wise the generators are of the same design 
as ordinarily used on direct-current tur- 


bine work. 


OPERATION OF TURBINE 


The method of operation of the ex- 
haust-steam turbine is somewhat different 
from the ordinary high-pressure machine. 
These particular machines operate at a 
normal speed of 1200 revolutions and 575 
volts without any governor-control mech- 
anism, and the generators are placed di- 
rectly across the line in a manner similar 
to a storage battery, and carry a very 
nearly constant load depending upon the 
number of admission valves which are 
open. In these particular machines, each: 
valve opened increases the load approxi- 
mately 150 kilowatts, and when once set 
the turbine will hold very close to this 
load as long as the valve setting remains 
unchanged. There is a slight fluctuation 
in the load which is in direct proportion: 
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5. RELATIVE LOADS OF EXHAUST-STEAM TURBO-DRIVEN AND 


ENGINE-DRIVEN GENERATORS, SEPTEMBER 4, 1908 
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‘o the entire station output, the turbines 
ways holding a very nearly constant per- 
entage of the station load. 

One peculiarity in these turbines is the 
fact that the switchboard operator cannot 
change the load of the turbine, which is 
quite contrary to general station practice 
ior high-pressure machines. This is due 
to the fact that the amount of steam is 
fixed by the admission valves, which are 
hand regulated. Should the switchboard 
operator move the field rheostat so as to 
increase the voltage of the turbine, this 
will result merely in a decrease in the tur- 
bine speed, and the result in voltage will 
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The method of placing the turbines in 
service is as follows: After the con- 
densers are in operation and the turbine 
brought up to speed on the vacuum, and 
the voltage adjusted, the admission valves 
are opened one by one and the machine 
picks up its load in proportion to the 
number of valves open and continues to 
operate with this load as long as the ma- 
chine is in service. At times of light 
load, when the amount of exhaust steam 
available is lessened, the load is taken off 
the machine by gradually closing down 
the admission valves, and it is taken out 
of service by tripping the automatic stop 
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FIG. 6, RELATIVE LOADS OF TURBO-DRIVEN AND ENGINE-DRIVEN 
GENERATORS, OCTOBER 6, 1908 


be the same as before. This condition of 
affairs seems to be rather peculiar at first 
sight, but it appears perfectly reasonable 
after giving the matter some thought. 
The man at the turbine cannot increase nor 
decrease the speed, but can only increase 
or decrease the load by opening the 
admission valves, and the man at the 
Switchboard can increase or decrease the 
speed of the turbine by the field rheostat, 
but he can by no means change the load. 
These statements are made in a general 
Way, but, of course, there will be some 
slight variations due to characteristics of 
th machine, but a discussion on this par- 


cular topic will not be taken up at this 
tin 


which shuts the butterfly valve controlling 
the admission of steam to the nozzles. 


OPERATING RECORD 


In the latter part of 1905 this plant was 
installed in a more or less experimental 
way, as at that time it was comparatively 
a new idea and some doubts were ex- 
pressed as to its success. Everything 
seemed to be favorable from a theoretical 
standpoint, so it was decided to take up 
the matter in a small way at the start. 
Two machines of 800 kilowatts capacity 
were placed on one-half of the engine 
foundation originally designed for the 
sixth unit. The first turbine went into 
service on December 15, 1905, and the 
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second one at a somewhat later date. Fig. 
3 shows the record of these machines 
from that time up to September, 1908. 
For a considerable period of time some 
trouble was experienced with the genera 

tors of the machines, principally with the 
commutators, but this is a very common 
fault with high-speed direct-current gen- 
erators. This, together with the fact that 
the possibilities of these machines had not 
been fully demonstrated, is responsible for 
the comparatively poor record which they 
made during 1906-1907, but even so, there 
was a considerable increase in the output 
and economy of the plant during that 
time. The average output of the machines 
during the years mentioned amounted to 
14.6 per cent. as much as the engine load. 
By referring to the curve at the lower part 
of Fig. 4, the line showing the pounds of 
coal per kilowatt-hour, a marked decrease 
can be seen during the period in which 
the turbines were putting out their maxi- 
mum power. The best records of the sta- 
tion were always made when the turbines 
were in service the greater part of the 
time. 

To show what can be done in regular 
service, a number of charts have been 
prepared, showing the regular station 
operating conditions at the present time. 
Fig. 5 shows the output curve for the Mt. 
Vernon street station on September 4, 
1908, and is a typical output curve for this 
station during the summer months. Start- 
ing at midnight on September 3, the tur- 
bine carried a maximum net load of 650 
kilowatts with 1325 kilowatts on the en- 
gine, one engine being in service at this 
time. Under these conditions the turbine 
was pulling 45 per cent. as much load as 
the engine with no additional increase of 
steam consumption. As approximately 100 
kilowatts are required to drive the aux- 
iliaries of the turbine, it shows that the 
turbine is capable of increasing the gross 
output of the engine approximately 50 per 
cent. This would be the ideal condition 
for the station, but by following the out- 
put curves, it will be seen that the per- 
centage drops, owing to the fact that there 
are insufficient turbines to take care of 
all the available exhaust steam. Through 
the morning hours, when the station load 
is comparatively heavy, the two turbines 
were in service and at that time delivered 
a net output of 38.4 per cent. as much as 
the engines, three engines being in ser- 
vice at that time. Following the curve 
until the noon hour, when two engines 
and two turbines were in service, it will 
be seen that the turbines were delivering 
a net output equivalent to 43.7 per cent. of 
the engine output, which again approaches 
very close to the ideal condition. It will 
then be noted, by referring to the pvak be- 
tween 5 and 6 o'clock, that the turbine 
capacity is again insufficient, two turbines 
still being in service, and at that time the 
net output is equivalent to 24.7 per cent. 
of the engine output; four engines being 


in service at that time. By having a num- 
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ber of turbines equivalent to the number 
of engines, between 40 and 50 per cent. 
as much load could be carried on the tur- 
bines as on the engines; all of this in- 
creased power being gained without any 
increase of coal consumption. 

The labor item at this station is in- 
creased somewhat by the use of these tur- 
bines, but up to the present time this is 
less than 5 per cent. This is the only in- 
crease in the station operating cost. As 
far as the cost of the turbine installation 
is concerned, it may be sufficient to esti- 
mate that the cost per kilowatt will be 
about the same as the original boiler, en- 
gine and generator equipment; so this 
need not be considered. 

Fig. 6 shows a different loading condi- 
tion for the same station. It was taken 
on October 6, and shows the load condi- 
tions as the result of the heavy traffic on 
the streets on that date. In the early 
morning hours one turbine was in service 
and gave a net output of 42.3 per cent. of 
the cngine output; one engine and one 
turbine being in service. From 6 a.m., 
‘and all through the balance of the day, 
two machines were in service, carrying 
approximately full load. The engine out- 
put, however, increased considerably, be- 
ing in the neighborhood of 6000 kilowatts 
for the entire day. But even so, the two 
turbines gave a net output of 24 per cent. 
of that given by the engines. It can 
readily be seen by referring to the curves 
that four turbines could have been oper- 
ated all through this period. 

If it would be possible to operate this 
station with two engines and two turbines 
at all times, the coal consumption could 
undoubtedly be decreased to approxi- 
mately 70 per cent. of its original figure 
when noncondensing. 

Fig. 4, which showed the records of the 
turbines during 1906-1907, is somewhat 
misleading. While the turbines were oper- 
ating under difficulties they still showed a 
gain of 14.6 per cent. The records of last 
year should surpass this in every way. 
In order to show the reliability of the ma- 
chines under present operating conditions, 
Fig. 7 has been prepared. These curves 
show the record of the machines taken 
during September of t908. The practice 
at this station now is to keep the turbines 
in the greatest period of time possible ; 
one turbine being in service the entire 24 
hours and two turbines being in whenever 
the load is heavy enough to permit it. 
This means that two turbines are in ser- 
vice at all times, excepting the hours be- 
tween midnight and 6 a.m. They are 
taken out alternately for examination and 
cleaning the armatures, one machine being 
taken out of service each night. Fig. 7 
shows the record which these two ma- 
chines have made. The curve for No. 6 
machine shows it has been in service 74.9 
per cent. of the entire time during the 
month and No. 7 machine 80.4 per cent. of 
the time. The maximum line shows the 
conditions for the 24 hours per day opera- 
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tion. The two lower curves, one for No. 
6 and one for No. 7 show the load fac- 
tor during the period in which they were 
in service. No. 6 averaged gI per cent. 
full load for the entire month and No. 7, 
go per cent. full load for the entire month. 
By combining these load factors and the 
operating factors, it will be seen that No. 
7 machine developed 72.36 per cent. of its 
maximum output for the entire month and 
No. 6 developed 68.16 per cent. of its 
maximum output. This gives an average 
of 70.26 per cent. for the two machines 
for the entire month of September. 

This operating record is a good one and 
is even better than expected, but, under 
the present conditions, there is no reason 
why the same record or a better one can- 
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with surface condensers, it was very easy 
to determine the steam consumption. The 
test was conducted in the ordinary man- 
ner, by weighing the water discharged by 
the hotwell pumps. As the portable tank 
scales were of insufficient size to take care 
of the condensation from both turbines, 
it was decided to make the test on one 
turbine only, and No. 7 machine was 
selected for the purpose. Before com- 
mencing the test the condenser was over- 
hauled and the glands tightened. The 
circulation was then started through the 
condenser, running the pumps at normal 
speed so as to maintain the same pressur¢ 
conditions as when operating in regular 
service. The steam space of the condenser 
was then exhausted by means of the dry 
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FIG. 7. OPERATING RECORD OF 


not be maintained for an indefinite period 
of time. The records of the preceding 
months of this year are about in accord- 
ance with these results, but this one: has 
been selected as giving conditions at the 
present date. 


EXHAUST-STEAM ‘TURBINES 


REQUIRED 


NUMBER OF 

In order to get some exact figures as to 
the performance of these machines with 
the idea of determining just how many 
can be used at any given plant, it was 
decided to make a series of tests with this 
in view. These tests were carried out last 
July and the results are gratifying. Com- 
plete tests of the entire turbine and con- 
densing plant were made and the results 
are shown in Tables. 1, 2 and 3. 

Each of the turbines being equipped 
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vacuum pumps until 27 inches of vacuum 
was obtained. The outlet from the hot 
well was carefully closed off and a record 
kept of the rise of water in the gage glass 
on the side of the hotwell. The rise in 
inches of water per hour was noted in the 
hotwell and it was afterward calibrated 
for the amount which it contained. The 
scheme of testing out the condenser was 
carried out before beginning each test and 
immediately after closing down, the mean 
leakage being taken the amount 0! 
water which came through from the wate! 
space. In most cases this leakage was 
zero; however, in one or two cases ther 
was a slight leak in the condenser, whic! 
at no time amounted to more than 2 pe! 
cent, of the water of condensation, but 
allowance was made for this in figuring 
up the results. 


as 
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Several tests were made under some- 

hat different conditions, the general 
-cheme being to run for a period of eight 
hours, taking check readings on the watt- 
meter and amount of water condensed 
every hour during the run. These results 
were surprisingly uniform, and as there 
was so little variation in the steam con- 
sumption, some of the tests were stopped 
at the end of the fifth hour. The results 
of the tests made on different days were 
extremely close, and if any variation oc- 
curred it was always in the direction 


TABLE 1. DATA ON TURBINE. 
Average load on turbine (corrected), 

III 6 so. a bce hee 4.4 «cbiats bie dans 805.85 
Total water from turbine per hour, pounds 31,918 
Moisture in steam—0.3 per cent., pounds 92 
Water used by step bearing per hour, 

ee __ SERRE SS SLO EP CE 1402 
Net steam used by turbine (dry) per hour, 

NIN oS er ce eS ats ba 5/4 G05 oes: 30,424 
Steam per kilowatt-hour (dry), pounds. . 37.75 
Steam pressure, pounds abs............ 14.53 
ee Ra ee er ee 30.16 
Vacuum, Ao xk paca 27 .50 
Absolute DOOMAND, MROUED «oo .6 5 s0j0.0s. 2.66 
Temperature of exhaust steam, degrees 

Ce Ce ED own ees wie nee ces 
aatie ‘of eee eee 13: 50-1550 


which would naturally be expected from 
the difference in vacuum or load condi- 
tions on the machines. 

Test No. 80, the results of which are 
given in Tables 1, 2 and 3, is a fair sam- 
ple of the performance of these machines 
and the results were quite interesting. 
This test was conducted for a period of 
eight hours and the turbine carried an 
average load of 805.85 kilowatts, No. 6 
turbine being shut down at this time. 
These conditions gave the turbine a uni- 
form rating as far as the percentage of 
the load carried was concerned, as two 
turbines could have been operated in con- 
nection with the station load’ throughout 
the entire period. 

Table 1 shows part of the results ob- 
tained during this test. It can be seen by 
inspection that the dry steam per kilowatt 
Was 37.75 pounds, the absolute steam pres- 
sure being 14.53 pounds, which is slightly 
below atmospheric pressure. The pressure 
of the steam was taken at the throttle of 
the turbine by means of a U-tube filled 
with mercury, and this at all times was a 
fraction of an inch below the atmosphere. 
The absolute pressure in the turbine ex- 
haust pipe was 2.66 inches, which gives a 
difference in pressure between the inlet 
and exhaust of 26.6 inches. It will be 
noted that the load was varying between 
1350 and 1550 amperes. The swing was in 
direct proportion to the total station swing 
during the period of the test. 

lable 2 shows that the total power ab- 
sorbed by the auxiliaries throughout the 
test was 172.81 horsepower. This, how- 
ever, is somewhat large, as atmospheric 
conditions were such as to require two of 
the cooling towers to be in service to give 
the required vacuum, and as each of these 
was driven by a 40-horsepower motor, it 
was found that there was about 18 horse- 
power extra charged against this turbine. 
Under actual conditions of the test 15.9 
Per cent. of the output of the turbine was 
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absorbed to drive the auxiliaries, but mak- 
ing correction for one-half the power ot 
the motor on the second tower brings this 
figure to 14.6 per cent., which would be 
the conditions had two turbines and three 
towers been in service at the time. By re- 
ferring to Table 2 it will be seen that even 
with the one turbine in at the time nearly 
20 per cent. of the load was carried by 
this machine as compared to the engines, 
which amounted to 16.88 per cent. of the 
entire station load. 

Table 3 shows the condenser results ob- 
tained during the test. This shows a good 
performance, as the temperature of the 
water taken from the hotwell was within 
2 degrees of the temperature of the ex- 
haust, thus taking advantage of all the 
available heat to return to the feed-water 
heaters. The cooling towers showed a 
reduction of approximately 11 degrees in 
the temperature of the water and these 
conditions remained the same throughout 
the entire test. Since that time experi- 
ments have been conducted to determine 
the amount of evaporation and loss of 
water from the towers and to determine 
the best possible conditions for the speeds 
of the fans and circulating pumps to re- 
duce the power absorbed by the auxiliaries 
to a minimum. Progress in this line of 
work has not advanced sufficiently to make 
any definite statement in this paper. 

Again referring to the tables, it will be 
seen that the steam consumption of the 
turbine is 37.75 pounds per kilowatt-hour, 
which under the conditions of vacuum and 
steam pressure at the throttle, places this 
turbine within the guarantee made by the 


General Electric Company, which is as 


follows: 
TABLE 2. AUXILIARIES. 

Power absorbed by motor-driven auxil- 

iaries, estimated horsepower......... 158.02 
Power absorbed by dry-vacuum pump, 

horsepower......... ry 9.94 
Power absorbed by hotw ell pump, ‘horse- 

SERRE ER ea eae 0.73 
Power absorbed by step-bearing pump, 

POET re eee 4.12 
Total power absorbed by auxiliaries, 

ON EEE EE CPOE Oe 172.81 
Percentage of auxiliaries to total output 

RE Ee ee re 15.9 
Percentage of auxiliaries to total output 

NS eee ere 14.6 
Average load on engine (8 hours), kilo- 

REA Rr ere erty eae 4075.7 
Percentage of turbine to engine load, per 

REESE A a ee re 19.77 
Pecentage net increased load to engine 

og Se ree eee rer 16.88 

With atmospheric pressure on_ throt- 


tle, full load, 2 inches absolute pressure, 
36 pounds per, kilowatt; full load, 4 inches 
absolute pressure, 45 pounds per kilowatt. 

Assuming that the Corliss engines in 
this station required 25 pounds of steam 
per indicated horsepower and allowing 11% 
indicated horsepower per kilowatt de- 
livered, it can be seen that if the entire 
amount of exhaust steam from these en- 
gines was used, 1 kilowatt could be de- 
veloped at the turbine for each kilowatt 
output of the engine generators. From 
this it would seem that the gross station 
capacity could be exactly doubled by the 


use of the exhaust steam turbines. How- 
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ever, about 15 per cent. of the exhaust 
steam is required for the feed heaters and 
about the same per cent. of the turbine 
output is required to operate its auxili- 
aries. This would cut the net output of 
the turbines to approximately 70 per cent. 
of the engine capacity. These figures, 
however, will be modified to a certain ex- 
tent, by the amount of exhaust steam 
which is available from pumps and other 
steam-driven auxiliaries. It might be safe 
to make the general statement that with 
the above assumptions the net output of 


TABL 3. CONDENSER RESULTS 


Temperature of air, degrees F nats 78 


Lar iene of injection water, degrees 
ere ~ Bae 
Taeerseme of discharge water, degrees 
PRET Pree see ee 98.5 
Temperature of hotwell w ater, degrees F. 3 7 
Total head on circulating pump, ft - 92 
Total head on hot well pump, feet... 34 07 
Pressure of water on step bearing, panne 189.4 
Speed of circulating pump, r.p.m 545 
Speed of dry-vacuum pump, r.p.m. 69 
Speed of step-bearing pump, strokes per 
IOs 600s % ; 162 
Speed of turbine, r.p. m 1024 


the station could be increased from 70 to 
5 per cent. by use of exhaust-steam tur- 
bines, provided the back-pressure valve 
was used and provisions made for oper 
ating the station-exhaust 
under a partial vacuum. 

The results obtained on the tests of this 
turbine are 


main at times 


exactly in accordance with, 
what was expected from the regular sta 

tion operating records and only confirm 
the belief that the exhaust-steam turbine 
proposition is worth considering as a 
means of increasing the economy 
put of 


and out 
noncondensing station. 





Rubber Foundations for Steam 
Turbines 


A 2000-kilowatt steam turbine, 
installed by Willans & Robinson, Limited, 
of Rugby, for the vestry of St. Pancras, 
has been mounted on special rubber foun- 
dations on the Prache system. The tur 
bine set is bolted to a special slab of con- 
crete, 2 feet thick, reinforced with a steel 
grid. This large block rests on a series 
of circular rubber stools standing on the 
ordinary concrete foundations. The upper 
block is not connected with the engine- 
room floor in any way. A trench is pro- 
vided round the top slab to permit of in- 
spection of the rubber blocks. Each rub- 
ber stool is a cylinder about 4 inches in 
diameter and 3 inches in hight when com- 
pressed by the weight of the turbine set. 
Each rubber block is renewable independ- 
ently of the rest, it being possible to with- 
draw them by further compressing them 
by tightening up the jacks, in which they 
are held, by means of screws. These rub- 
ber blocks have, however, a life of con- 
siderable length, and renewal is not fre- 
quently necessary. 


recently 


The turbine in ques- 
tion is stated to be the largest mounted 
in this way at present.—Engineering. 
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Jonathan Hulls and His Steamboat 


Sketch of the Inventor and Description of One of the Earliest Patented 
Systems of Vessel Propulsion by Means of the Steam Engine 





BY 


If the great-great-great-grandfather of 
any Power reader chanced to spend his 
boyhood at the village of Campden, in 
Gloucestershire, England, about 170 years 
ago, he must often have seen plodding 
along the roads a poorly clad but intelli- 
gent-faced clock tinker carrying his box 
of tools as he went from house to house 
to seek those little jobs which totaled the 
means for only a scanty subsistence. It 
might have been noticed that this man 
had a more earnest and far-away look 
in his eyes than is usual for the country 
mechanic, that he seemed ever to be in- 
wardly wrestling with deep problems, and 
that he wore the expression of a man who 
has failed in some great ambition of life, 
yet who has not broken off, and never 
could break off, the habit of performing 
ambitious labors in his head. Shy and 
diffident in his manner, he would gladly 
have shunned the sight of passers-by, and 
well he might, for youths of wanton dis- 
position were relentlessly pursuing him 
with the refrain: 

“Jonathan Hulls, with his paper sculls, 
invented a machine to go against the 
stream; but he, being an ass, could not 
bring it to pass, and so he was ashamed 
to be seen.” 

We have recognized in this portrait of 
Jonathan Hulls the typical unsuccessful 
inventor. If you are bound to be an un- 
successful inventor and value your peace of 
mind, by all means be one in some large 
city, and not in the country among your 
friends and neighbors. 

Jonathan Hulls was born, it is said, at 
Hanging-Aston, near Campden, in 1699, 
but his father, Thomas Hull, or Hulls, re- 
moved to the latter place and there the 
hoy received his academic training in an 
ancient grammar school. A man’s real 
education, however, is that which he gives 
himself by outside study, or, best of all, 
by interested reading, for it is chiefly 
what interests us that we remember and 
that does us good. It is probable that if 
Jonathan’s education had been limited to 
his perfunctory lessons at school he would 
have remained through life half illiterate 
like the other boys of his class; but he 
had a natural bent for mathematics and 
in some way made himself fairly proficient 
in the principles of mechanics. He was 
also able to write in a decent English 
style. 

The trade of “clockmaker” which he 


took up was in reality that of an itinerant - 


clock mender. He was accustomed to 
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make a circuit through a certain district 
curing the ailments of any farmhouse or 
church timepieces that chanced to be un- 
der the weather. Hulls married early 
and removed to the hamlet of Broad 
Campden about 1729. His studious habits 
and mental ability, far superior to that of 
his neighbors, readily won him a local 
reputation for intelligence. That particu- 
lar work of genius which has earned him 
belated fame in the world is said to have 
seethed in his imagination from his 
youthful years. To realize so ambitious 
a project as a steamboat, either in the 
water or in print, was an audacious at- 
tempt for a country clocksmith of those 
days, with a family to support. He there- 
fore did what aspiring authors of his 
time were accustomed to do and sought 
the aid of a patron. This was a Mr. Free- 
man, of Batsford park, near Aston, who 
was so much impressed with Hulls’ inven- 
tion that he put up the money for a trip 
to London to embody it in a patent and 
a pamphlet. 

That monograph appeared in 1737. Its 
publication was the high-water mark of 
Hulls’ success, for there is no record that 
anyone ever took enough notice of tne 
work to build a steamboat on the lines 
suggested. Mr. Freeman was reasonably 
loath ‘to support any additional venture 
for exploiting the invention, and Jonathan 
was abandoned to his fate of failure and 
ridicule. 

For a long time no more is heard of 
him, but a real inventor, especially, an 
unsuccessful inventor, is insuppressible 
though he live a thousand years, and the 
bee of ambition continued to buzz in 
Hulls’ bonnet. Eventually he cropped 
out in print with new products of his 
brain. 

His final known attempt was in 1754, 
when, in partnership with two fellow- 
townsmen, R. Darby and William Brad- 
ford, schoolmaster, he had patented a 
“Statistical and Hydrostatical Balance” 
and a “Sliding Rule for Artificers.” The 
former was “an instrument for detecting 
frauds by counterfeit gold, which gives the 
weight and shews the alloy of that metal 
in coin and all utensils made thereof, and 
if adulterated, the nature and extent of 
the alloy.” This instrument displayed 
much ingenuity and at least one actual 
specimen of it has survived to our day. 
The sliding rule, which probably was not 
a logarithmic slide rule, is described in a 
pamphlet entitled: “The new Art of 
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Measuring made easy by the help of a new 
Sliding Rule. .Coventry: Printed by T. 
Brooks in Broadgate, 1754.” 

Little or no financial return was destined 
to attend any of Jonathan Hulls’ efforts 
and, finally, unable to meet the gaze of 
his neighbors, he hid himself in the Lon 
don crowds. At a date which is un 
known, he died the death of an inventor 

Down to comparatively recent times his 
descendants have remained in his own 
village, mechanics, like himself, and with 
his modesty if not with his genius. The 
widow of their last survivor in the dis- 
‘trict died in 1865, not long after which the 
family cottage at Broad Campden in 
which Jonathan Hulls had dwelt, 
torn down. 

It would be too much to claim for 
Jonathan Hulls that he was the first man 
who ever designed a steamboat. The idea 
seems to have been a favorite one for in- 
ventors in the first part of the eighteenth 
century. Neither can he receive the credit 
which attaches to one who has made the 
invention commercially practical. But as- 
suredly he deserves always to be remem- 
bered as one of the most. important fore- 
runners of steam navigation. There is 
no telling what would have resulted from 
his efforts could he have secured the 
pecuniary codperation of a Boulton or a 
Livingston. 

Of the book published in 1737 by Jona- 
than Hulls, a few copies are still extant 
and from one of them, or rather from a 
fac-simile, extracts are here reproduced. 

It will be noticed that Hulls did not 
invent a marine engine, but merely the 
application of power from a Newcomen 
engine to propel a towboat. (See illustra- 
tion.) Most of this 48-page pamphlet is 
taken up with demonstrating mechanical 
and hydrostatic principles involved in his 
mechanism. Like Euclid, he seems to 
take nothing for granted, but to develop, 
step by step, even the simpler and more 
obvious propositions in his theory. This 
part of the work shows that he had put 
himself through a pretty good mathemati- 
cal training. 

But let Mr. Hulls tell his own story: 


was 


EXTRACT FROM JONATHAN HULLS’ 
PAMPHLET 


In some convenient part of the Tow- 
Boat, there is placed a Vessel about two 
3ds full of Water, with the Top close shut, 
this Vessel being kept Boiling, rarifies t) 
Water into a Steam, this Steam b« 
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PROPOSED APPLICATION OF JONATHAN HULLS’ PATENTED METHOD (1737 OF STEAMBOAT PROPULSION 
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convey’d thro’ a large Pipe into a cylindri- 
cal Vessel, and there condens’d, makes a 
Vacuum, which causes the weight of the 
Atmosphere to press on this Vessel, and 
so presses down a Piston that is fitted 
into this Cylindrical Vessel in the same 
manner as in Mr. Newcomens Engine, 
with which he raises Water by Fire. 
See fig. 30. 

P. The Pipe coming from the Furnace 
to the Cylinder. 

Q. the Cylinder wherein the Steam is 
condensed. 

R. the Valve that stops the Steam from 
coming into the Cylinder, whilst the Steam 
within the same is condensed. 

S. the Pipe to convey the condensing 
Water into the Cylinder. 

T. a Cock to let in the condensing 
Water when the Cylinder is full of Steam 
and the Valve P is shut. 

U. a rope fixed to the Piston that slides 
up and down the Cylinder. Note. This 
Rope U is the same Rope that goes round 
the Wheel D in the Machine. 

It hath been already demonstrated, that 
a Vessel of 30 Inches Diameter, which is 
but two Foot and a Half, when the Air is 
driven out, the Atmosphere will press on ’ 
it to the Weight of 4 Ton 16 Hundred 
and upwards, when proper Instruments 
for this Work are applied to it, it must 
drive a Vessel with a great force. 

Note. The Bigness of the Machines may 
be proportioned to the Work that is to be 
performed by them; but if such a force 
as is apply’d in this first Essay be not suffi- 
cient for any Purpose that may be re- 
quired, there is room to make such Addi- 
tion as will move an immense Weight with 
tolerable Swiftness. 

In my Opinion, it will not be found 
Practicable to place the Machine here 
recommended, in the Vessel itself that is 
to be taken in or out of the Port, &c. But 
rather in a separate Vessel, for these 
Reasons : 

1. This Machine may be thought Cum- 
bersome, and to take up too much Room 
in a Vessel laden with Goods, Provis- ( 
ions, &c. 

2. If this Machine is put in a separate 
Vessel, this Vessel may lye at any Port, 

&c. to be ready on all Occasions. 

3. A Vessel of a small Burthen will be ' 
sufficient to carry the Machine to take out 
a large One. 

4. A Vessel will serve for this Purpose : 
for many Years, after she is thrown off 
and is not safe to be taken far Abroad. 





Tue EXPLANATION OF THE MACHINE 
A, Represents the Chimney coming from 
the Furnace. ‘ 
B, The Tow-Boat. 
CC, Two pieces of Timber framed to- 
gether to carry the Machine. 
Da, D and Db, are three Wheels on: 
one Axis to, receive the Ropes, M F b and 
Fa. 
Note. M is the same Rope that goes 
into the Cylinder, Fig. 30. 
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Ha and Hb are two Wheels on the 
same Axis with the Fans J] /JII and 
move alternately in such a manner, that 
when the Wheels Da, DDb move back- 
ward or forward they keep the Fans 
IIIIIT in a direct Motion. 

Fb is a Rope going from H b to Db, 
that when the Wheels Da, D and Db 
move forward, moves the Wheel H 6 for- 
wards, which brings the Fans forward 
with it. 

Fa is a Rope going from the Wheel 
Ha to the Wheel Da, that when the 
Wheels Da, D and Db move forward the 
Wheel Ha draws the Rope F and raises 
the weight G, at the same time as the 
Wheel H bd brings the Fans forward. 

When the Weight G is so raised, while 
the Wheels Da, D and Db are moving 
backward, the Rope Fa gives way, and 
the Power of the weight G brings the 
Wheel H a forward and the Fans with it, 
so that the Fans, always keep going for- 
ward notwithstanding the Wheels Da, D 
and Db move backwards and forwards as 
the Piston moves up and down in the 
Cylinder. 

LL, are Teeth, for a catch to drop in 
from the Axis, and are so contrived that 
they can catch in alternate Manner, to 
cause the Fans to move always forward, 
for the Wheel Ha by the power of the 
weight G is performing his Office, while 
the other Wheel H b goes back in order 
to fetch another Stroke. 

Note. The weight of G must contain but 
half the weight of the Pillar of Air press- 
ing on the Piston, because the weight G 
is raised at the same time as the Wheel 
Hb performs its Office, so that it is in 
effect two Machines acting alternately 
by the weight of one Pillar of Air of 
such a Diameter as the Diameter of the 
Cylinder is. 

If it should be said that this is not a 
New-Invention, because I make use of 
the same power to drive my Machine that 
others have made use of, to Drive theirs 
for other Purposes, I Answer, The Appli- 
cation of this power is no more than 
the Application of any common and known 
Instrument used in Mechanism for new 
invented Purposes. 


ANSWERS TO SOME QUERIES THAT HAVE 
BEEN MADE, CONCERNING THE PossI- 
BILITY AND USEFULNESS OF 
THIS UNDERTAKING 


Query I. Is it possible to fix Instru- 
ments of sufficient Strength to move so 
prodigious a Weight, as may be contain’d 
in a very large Vessel? 

Answer. All Mechanicks will allow it 
is possible to make a Machine to move an 
immense Weight, if there is Force enough 
to drive the same, for every Member must 
be made in a proportionable Strength to 
the intended Work, and properly braced 
with Laces of Iron, &c. so that no part 
can give way and break; if the Braces, 
&c. necessary for this Work had been put 
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in the Draught, it would have been so 
much crowded with Lines that the main 
Instruments could not be so well perceiv’d. 

Query. II. Will not the Force of the 
Waves break any Instrument to Pieces 
that is placed to move in the Water? 

Answer. First, it cannot be supposed, 
that this Machine will be used in a Storm 
or Tempest at Sea, when the Waves are 
very Raging; for if a Merchant lyeth in a 
Warbour, &c. he would not choose to put 
out to Sea in a Storm if it were possible 
to get out, but rather stay untill it is 
abated. 

Secondly. When the Wind comes a 
Head of the Tow-Boat the Fans will be 
protected by it from the violence of the 
Waves, and When the Wind comes Side- 
ways, the Waves will come Edge-ways of 
the Fans, and therefore strike them with 
the less Force. 

Thirdly. There may be pieces of Tim- 
ber laid to swim on the Surface of the 
Water on each Side of the Fans, and so 
contriv’d as they shall not touch them, 


FIG. 2. WAVE-CONNECTED WINDING 
which will protect them from the Force 
of the Waves. 

Up in-land Rivers where the Bottom can 
possible be reach’d, the Fans may bé taken 
out and Cranks placed at the hindmost 
Axis to strike a Shaft to the bottom of 
the River, which will drive the Vessel for- 
ward with greater Force. 

Query III. /t being a continual Ex- 
pence to keep this machine at Work, will 
the Expenceebe answered? 

Answer. The work to be done by this 
Machine will be upon particular Occa- 
sions, when all other means yet found 
out are wholly Insufficient: How often 
does a Merchant wish that his Ship were 
on the Ocean, when if he were there, the 
Wind wou'd serve tolerably well to carry 
him on his intended Voyage, but does not 
serve at the same time to carry him out 
of the River, &c. he happens to be in, 
which a few Hours work of this Machine 
wou'd do: Besides, I know Engines that 
are driven by the same Power, as this is, 
where materials for the Purpose are 
dearer than in any navigable River in 
England; therefore Experience demon- 
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strates that the Expence will be but 4 
Trifle to the value of the Work perforn 
by those sort of Machines, which any P, r- 
son that knows the Nature of those thin «s 
may easily Calculate. 





Repairing a Damaged Armature 
Winding 





By R. H. FENKHAUSEN 





Although there are still many motors 
in use with ring-wound armatures, this 
style of winding is fast becoming obsolete 
due to its high internal resistance, high 
armature reaction and poor speed regula- 
tion, and nearly all armatures are now 
made with some form of drum winding, 
the coils of which are usually form- 
wound. There are two general types of 
winding in use, the lap-connected wind- 
ing (Fig. 1), which necessitates cross- 
connection of the commutator when two 
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FIG. 3. WAVE-CONNECTED. WINDING 


brushes are desirable on “a four-pole 
motor (Fig. 3), and the wave-connected 
winding (Fig. 2), in which the coils are 
connected so that external cross-connec- 
tions are not required, and also serve to 
neutralize the effects of an unbalanced 
field due to worn bearings, etc. 

The rewinding of a coil on a ring arma- 
ture can be accomplished without disturb- 
ing its neighbors, but in drum windings 
in which the wire is wound directly in 
the slots it may be necessary to remove 
any number of coils up to the entire 
winding, depending on the manner in 
which the coils are arranged with refer- 
ence to the damaged one. 

Most modern armatures are of the gen- 
eral type shown in Fig. 4, in which the 
coils are wound on forms and insulated 
before being placed in the slots. Fig. 5 
represents a coil for the armature shown 
in Fig. 4, and Fig. 6 shows a bar-wound 
coil of the type used in larger machines. 
These coils span several teeth of the 
armature core and each slot contains the 
bottom half of one coil and the top halt 
of another coil some slots from it, the 
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span or “throw” of the coil varying with 
the teeth per pole of the armature. Fig. 7 
shows the core, and Fig. 8 a partly wound 
view of the armature in Fig. 4. 

\Vhen it becomes necessary to replace 
a formed coil the binding wires must first 
be cut, or the fiber wedges holding the 
coils removed, and the connections to 
the commutator unsoldered. The top half 
of the injured coil should then be raised 
by slipping two pieces of 34-inch linen 
tape under the extended ends of the coil 
and gently raising it from the slot. In 
order to remove the lower half of the coil 
it will be necessary to lift the top halves 
of as many coils as the injured coil spans. 
When the damaged coil has been removed 
it should be repaired if possible by re- 
insulating the burned spot, but if this is 
impossible a new coil should be put in. 
As a general rule it does not pay to make 
coils except in a shop having special 




















FIG. 5. A COIL WIRE 
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keep the wire tight until the required num- 
ber of turns are wound. Most coils have 


two layers, but these layers should be 
separately wound and afterward nested to- 
gether and connected. 

When a layer is completed it should be 





FIG. 3. CROSS CONNECTIONS 
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proving the insulation. After dipping, the 
coils should be baked, but if no oven is 
available an air-drying varnish should be 
applied. Orange shellac will serve the 
purpose if no other varnish is at hand. 

When the coils are perfectly dry the 
layers may be nested together, with paper 
between and a layer of “Empire” oiled 
linen tape applied. This should be fol- 
lowed by a layer of plain white tape to 
prevent abrasion of the oiled linen and 
the coil bent to the exact shape required, 
after which it should be dipped again and 
the layers connected in series or parallel 
as required. Before the final taping is 
applied, sleeving should be slipped over 
the terminals of the coil and if the wind- 
ing is at all intricate it is advisable to 
place different colors of sleeving on the 
two terminals in order that they may be 
readily identified. 

















FIG. 4. A COMPLETE ARMATURE 


FIG. ©. A BAR OR STRAP COIL 


























ric. 9. 


facil’::es, and even then the coils can be 
purchased cheaper in many cases from 
the manufacturer of the motor, and the 
machine is not kept idle while coils are 
wound and dried. , ’ 


To MaKe Corts IN THE SHOP 

Spare coils for every size of armature 
should be kept on hand, but in case it is 
necessary to make coils in the shop the 
following procedure will give satisfactory 
results: Obtain two pieces of hardwood 
about 1 inch longer and wider than the 
coil desired and about \% inch thicker, and 
lay out kalf the coil on each, as shown in 
ig. 9. Then cut out to shape and bolt 
the two together with a distance piece 
between equal to the offset of the coil. 


! ompleted form is shown in Fig. 10. 
Start the coil in one of the holes E or 
I 


pending on whether a right- or left- 
han! coil is desired, and wind on the sur- 
X Y of the form, being careful to 
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held by wire clips at the points 4 BCD 
on the form to keep it in shape, after 
which the form should be taken apart and 
the coil removed. As soon as all the coils 
are made they should be dipped in in- 
sulating varnish which will hold them in 
shape while being taped, as well as im- 


FIG. 8. PARTLY WOUND 


While it is not claimed that the form 
described will make perfect coils, they 
will be accurate enough for practical use, 
and the form can be made by anyone in 
two hours’ time, whereas the more ac 
curate forms would take much longer and 
would be very expensive. 

Before the coils are placed in the slots, 
the insulating troughs should be examined 
and renewed if damaged, and the core 
laminations inspected and any that pro- 
trude driven back or filed off, to pre- 
vent their cutting the insulation of the 
coils. 

Never drive a coil forcibly into its slot. 
If it is too thick, squeeze the parallel sides 
between wooden blocks in a vise until a 
gentle tapping with a light mallet and 
fiber wedge will press it into place. 

If coils are loose they should be wedgéd 
into place with paper, or vibration will 
occur which may destroy the insulation. 

When all the coils are in place the ter- 









minals should be separated and each coil 
tested for continuity grounds or crosses 
with other coils, after which the bottom 
terminals may be carried to the commu- 
tator and soldered in. 

The top connections should now be ar- 
ranged in the proper order and the first 
lead tested and soldered to the proper bar, 
after which the other top leads are con- 
nected one at a time in proper sequence 
until all are in place. 

Great care must be used in soldering the 
top leads that they are connected in the 
proper order, because in some types of 
windings two short-circuits and four 
open-circuits can result from the inter- 
change of two adjacent leads. 

After all the coils are connected the 
winding should again be tried with the 
testing set and if found all right the arma- 
ture should be placed on knife edges and 
balanced with lead strips placed in the 
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FIG. 10. COIL FORMER 






slots over the coils on the light side. The 
binding wires may then be réplaced and 
the armature put into service again. 









In a paper read by Prof. J. A. Smith 
before the Victorian Institute of Engi- 
neers it was shown that with a condenser 
temperature of 120 degrees Fahrenheit 
the amount of heat transmitted through 
each square foot of condenser surface was 
‘ diminished 50 per cent., when air corre- 
sponding to 0.63 of an inch of mercury 
was introduced into the condenser. In 
other words, to obtain the same vacuum 
as when no air was present would require 
a condenser twice as large, or else a great 
deal more or colder circulating water. 



































At least 10,000,000 tons of peat is made 
and used to advantage in foreign coun- 
tries every year. 
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An Historic Engine 





Herewith are shown photographs of 
the engine used in the original packing 
plant of Armour & Co., which was located 
at a point that is now the very center of 
the immense union stockyards at Chicago. 
Built in 1866’ by the old Columbian Iron 
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ger one and was successively employed i 
hoisting ice, running the canned-meat de 
partment and the machine and pipe sho; 

Finally, in 1901, when its 35, or s 
effective horsepower could no longer | 


used to advantage elsewhere, it wa 
exiled to Round lake, Ill., where it wa 
put to a peculiar service. The compan 
here harvests natural ice, and there i 


























TWO VIEWS OF AN HISTORIC ENGINE IN THE ARMOUR PLANT, CHICAGO STOCKYARDS 


Works, the engine practically had been in 
constant use until about one year ago. 
It was first installed on a high brick foun- 
dation behind three horizontal return- 
tubular boilers, and furnished the power 
for all the operations in the plant as then 
conducted. Due to the growth of the in- 
dustry the engine was replaced by a lar- 


much trouble with a variety of long sti! 
grass or weed growing up from the bot 
tom and interfering with the quality 0! 
the ice. Mounted on a flatboat, it w 
the duty of the engine to operate a devi 
of special design for cutting this gras: 
During its sojourn here it was fitted w'' 
the link motion shown in the photogra; 
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Recently the engine was replaced by a 
motor, shipped back to the stockyards 
and erected in the engine room of the 
company’s power house, alongside a 600- 
ton ice machine, the latest piece of power 
machinery to be installed, representing 
the first and the last in power develop- 
ment of the company. 

As shown in the photographs, the en- 
gine has the old box type of engine bed, 
locomotive guides and slide valve. The 
cylinder is about 12x16. Key adjustments 
are provided at the connecting-rod ends, 
but there is no gib-and-key arrangement 
as commonly understood; the key alone 
being used, held by a set screw. 

The flywheel is cast in one piece, with 
the spokes loose at the inner end and fit- 
ting on a bushing keyed to the shaft. The 
whole is fastened securely by two rings 
of square iron shrunk on each end of the 
hub. This construction enables the fly- 
wheel to be used with any reasonable size 
of shaft, by varying the bushing, which 
doubtless was a desirable feature in the 
old days. 





4 


Electrolysis and Corrosion 





By F. L. JoHNson 





While sitting at my desk one day, idly 
wondering why nearly everyone who had 
any work to do felt drawn to some kind 
of a citv in order to do it, I was pleas- 
antly surprised by the entrance of my 
voung friend Sawyer. As he seated him- 
self and looked around with his usual 
keen glance, I noted, in a subconscious 
way, that his appearance had improved. 
His trousers were freshly creased and 
several conventional touches in his dress 
showed that even in his strap-hanging 
moments he had kept up his habit of 
noticing things and profiting by what he 
Saw. 

After a few general remarks had been 
exchanged, he said: 

“You probably have not forgot about 
that case of troublesome electrolysis I 
told of not long ago? Well, last week I 
had to go to the city where that happened 
and I took time to visit the plant to see 
if I could learn anything new about elec- 
trolysis of pump parts. I met the engi- 
neer, who at once told me of some things 
that had happened. 

“This particular plant is operated dif- 
ferently from any other that I ever saw. 
No one man is responsible for its opera- 
tion, successful or otherwise. On the part 
of the engineer, it is expected that he 
will keep the motive power in first-class 
running order all the time and have any 
unit that may be called for ready for im- 
mediate service. 

“Of the electrician, it is expected that 

will see that such units as will gener- 

‘ the required current in the most eco- 

mical manner will be used. Codpera- 

n between the steam and electrical de- 

rtments is expected, but there is no pro- 
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vision for the preventing of friction be- 
tween the two branches of the service. 
That friction did occur at times is evi- 
dent from the fact that the engineer was 
never able to arouse any interest on the 
part of the electrician in the destruction 
of pump cylinders by what was believed 
to be electrolysis. 

“New pump cylinders and parts were 
charged up to the steam plant and were 
no part of the operating expense of the 
electrical department. 

“One day the engineer thought that per- 
haps the current that was destroying the 
pump came from the generator itself, and 
determined to try to find out if his guess 
was a fair one. At once the pump was 
overhauled and every part that showed 
any signs of electrolysis was replaced by 
a new part. The electrician was then 
notified that the engine was out of re- 
pair and could not be run. 

“Then, while imaginary repair parts for 
the engine were being waited for, the 
pump was run night and day for a week, 
at the end of which time the pump was 
opened and found to be in first-class con- 
dition. The electrician was called in and 
shown the condition of the pump and 
informed of what had taken place. He 
was skeptical and wanted another week’s 
run of the pump under the same _ con- 
ditions. It was given, and at the end of 
the second week, during which things 
were carefully watched by the electrical 
department, the pump was again examined 
and found in perfect condition. 

“All imaginary repairs on the engine 
having been completed, it was started 
and run for four days, when it was neces- 
sary to shut down because the studs, nuts, 
valve seats and springs left their proper 
places in the pump and went floating away 
with the overflow, in company with the 
electric current which came from some- 
where and took away with it all the metal 
it could carry. 

“During the second week of running the 
pump independently a connection was 
made from the rail of a street-car line, 
half a mile away, to.the pump. A flow 
of current of from 7 to 10 amperes was 
measured at the pump. But the engineer 
could not learn whether the flow was to 
or from the pump, nor the voltage of the 
current. Connections were also made to 
other pumps where no wasting away had 
taken place, with the result of a_ still 
larger amount of current flowing, and one 
of these pumps had been in use for years 
and never showed any signs of wasting 
by electrolysis nor anything else except 
wear where wear would be expected. 

“Now, this matter has interested me 
considerably, because I cannot understand 
why one particular pump in a system hav- 
ing common suction and discharge mains 
should be affected by electrolysis unless 
there is a leak from the generator of the 
engine which this particular pump serves. 
Nor can I understand the mental attitude 
of the man who, when confronted with 
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a problem of this kind, expends his 
energy in trying to prove that certain fac- 
tors do not enter into the problem, in- 
stead of seeking to find all of the factors. 

“However, I did not run in here to 
moralize over the honesty of the man who 
takes no interest in finding leaks or re- 
moving their cause, simply because the 
cost will not be charged up to his depart- 
ment, but to have a little talk with you 
and ask if you could suggest any way of 
solving this particular problem.” 

I said that I had heard engineers say 
that before the introduction of the elec- 
tric light little or no trouble had been ex- 
perienced from the wasting of condenser 
tubes, even at sea, where nothing but 
salt water was used for condensing. He 
replied : 

“T have heard the same story, but it is 
so hard to prove it that I have given up. 
Before the introduction of electricity, con- 
densing plants were few and far apart, 
while now they are everywhere, but the 
practical engineer who operated con 
densing plants at that time has almost 
disappeared. I have met only one of the 
old school and all that he would say on 
the subject was, ‘Young man, you will 
have to get your information just as I 
did, by experience.’ 

“T had heard about a man who had 
made electrolysis and corrosion a study 
and I went to see him, asking about the 
destruction of pumps and condensers, and 
for a possible remedy. He went to the 
bottom of the subject for me. He said 
that while he would not say that escap- 
ing currents did not contribute in a meas- 
ure to corrosion, he emphatically claimed 
that corrosion is going on where no ex- 
traneous currents can be held responsible 
for the damage. Then he talked about 
solution-tension, osmotic pressure, pas- 
sivity of metals, molecular oxygen, fer- 
rous ions, ferric condition and precipita- 
tion by hydrolysis. 

“T left him with my head in a whirl and 
dizzy from the effects of the view he gave 
me of the appalling depths of my ignor- 
ance of the subject. 

“Some day a man who does not know 
enough to know that these things are be- 
yond his reach will come along and, be- 
cause he does not know, he will find out, 
and everything will be so plain that the 
engineer who does not even know the 
difference between passive trivalent iron 
and depolarized ferroxyl can touch a 
button or close a switch and read at 
once on a chart the exact condition of 
his condenser tubes and the quality of the 
water passing through them, and running 
a condensing plant will seem like going 
on a vacation.” 

Just here there entered a lawyer, who 
had designed a boiler which takes so 
much of the heat out of the product of 
combustion that the flue gases pass up 
the stack at a temperature 250 degrees 
below that of the steam in the boiler, and 
we all went out to lunch together. 
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Use Cylindrical Flywheels for Safety 


Widening Rim and Shortening Radius of Flywheel Will Obviate 


Explosions 


without 


Sacrificing Convenience, 


Cost 


or Efficiency 
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As the flywheel is one of the most im- 
portant subjects in the mechanical world 
just now, it is the duty of every engineer 
to investigate all its properties and en- 
deavor to conceive a way to change its 
makeup, in order to eliminate the big ele- 
ment of danger always lurking therein. 
The purpose of this article is to prove by 
mathematics and experiment how this can 
be done, the final product having very 
few disadvantages compared to the pres- 
ent-day affair, and a great many advan- 
tages over it. 

The determining factor in the worth of 
a flywheel is its moment of inertia. This 
is a peculiar property of a rotating body 
and can be defined ‘as the resistance 
offered to rotational motion, or, if already 
in motion, the resistance encountered in 
stopping it. It is both of these that makes 
the flywheel of use in machinery, by mak- 
ing the machine run smoothly, no matter 
how the load varies. Now the moment of 





Radius = 2 

Mass => b+ 

1=MR* = 4 

F=R x Con- 
stant=2 K 














Side View 


Face 
Power, A.V. 
FIG, I. PRESENT FLYWHEEL 
inertia depends on several things. It is 
expressed by the formula, 

I =M K’?, 
where 

| = Moment, 

M = Mass of the body, 

K = Radius of gyration. 


This radius of gyration is found for dif- 
ferent bodies -by calculus. For a uniform 
and homogeneous disk it is % R, or one- 
half of the radius. For a ring with the 
mass concentrated in the circumference, 
it is R, or the radius. Now the flywheel 
is of this latter type, its mass being mostly 
on the periphery. In the ensuing argu- 
ment the mass will be considered as being 
concentrated on the circle half way be- 
tween the outside and inside diameters of 
the rim, and while this will be in error 
slightly it does not vitiate the argument 
at all, as will be presently seen. 


Wuy FLywHeers EXPLODE 


As the moment of inertia, then, depends 


A. 


es 


directly on the mass and as the square of 
the radius, if we have two flywheels 
weighing the same, and one having a 
radius equal to twice the other, it will 
have a moment of inertia four times as 
great. This has caused the tendency in 
manufacturing flywheels to get greater 
efficiency by making the radius longer, 
and oftentimes with disastrous results. 
To see why flywheels disintegrate the 
forces acting to pull them apart and to 
hold them together must be investigated. 
The centrifugal force is the disintegrating 


force. It is expressed by the formula, 
ans wd 
where 
F = Force, 


M = Mass of each rotating particle, 
1’ = Velocity, 
R= Radius. 
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force varies directly as the radius. It 
must be remembered that the moment of 
inertia, the property desired, varies as the 
square of the radius. 


WipEN RIM AND SHORTEN RapIUS 


What is the force, then, preventing dis- 
ruption of the wheel? It is that of co- 
hesion only, or the attraction of the mole- 
cules for one another. This force acts 
only through small distances, yet it is suffi- 
cient in the case of steel wire to hold up 
150,000 pounds per square inch. To re- 
turn, then, to the original proposition. 
The idea is to increase the mass of the 
wheel’s periphery considerably by widen- 
ing its rim and necessarily the hub, but 
to shorten the radius, so that although 
the amount of inertia will be the same as 
before, the force tending to disintegrate 
will be very much less, sq much less in 
fact that it would be practically impos- 

















Radius = 1 8 > 
Mass =-4 [| 
l=MR= 4 
F=R x Con- 
stant=—1 K 
End View Face Power, N.V. 
FIG. 2. PROPOSED FLYWHEEL 


Now the velocity of a particle on the rim 
of each of two flywheels going the same 
number of revolutions per minute varies 
directly as the radius. But suppose the 
expression is reduced to terms of the 
radius. The velocity is certainly the num- 
ber of revolutions in a given time multi- 
plied by the circumference of the circle, 
which is, of course, 2 7 R. Let N stand 
for the number of revolutions per unit 
time.’ Then 


M(N22R)? 
R 





"8? R?2 
4M ——— = 4M N? 2? R?. 
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Now the proposition was to let all these 
terms be constant for the two flywheels 
except R. The number 4 is a constant, 
so is T°, it is given that the N* is constant 
and the M, or mass, also. So that for 
two flywheels having the same mass and 
the same number of revolutions per unit 
time, it is seen that the disintegrating 


sible for the wheel to explode. The ap- 
pearance of such a wheel would be that 
of a cylinder more than a wheel, but right 
here comes the practical side of it. For 
such a wheel no pit would have to be dug 
and no ceilings cut through to give it 
room. It would take up slightly more 
floor space, but as its hight would not be 
great, a frame could be built areund it 
and steps over it. 

Another that of friction. On 
account of the increase in mass, the fric 
tion would be somewhat greater, but as 
it would allow of greater speed it is at 
once seen that the difference would not 
be very great in the long run. As to 
the element of danger, that 
absolutely eliminated, as the periphery o! 
the wheel could stand as great a speed as 
the big one, being made from the same 
material, but it is smaller and would 
allow a greater number of revolutions per 
minute. So in case the machinery, through 
accident or carelessness, attains a speed 
above normal, there would be absolutely 
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thing to fear from the improved fly- 
wheel. 

In the accompanying sketches are given 
comparative drawings of two wheels hav- 
ing the same moment of inertia, but the 
clement of risk very different, as shown 
hy the ratio of velocities for the same 
number of revolutions per minute. The 
velocities vary as the radius, so the unit 
radius would have only one-half the velo- 
city of the other, and consequently one- 
half of the disintegrating force as the 
other. The mass, however, must be four 
times as great. This would merely make 
the rim eight times as wide, using the 
same thickness of rim in both cases. 

It must be remembered that as the rim 
of the wheel gets thicker, the wheel itself 
more nearly approaches a disk, and the 
gyration radius would be % R instead of 
R. Therefore it is necessary to keep the 
rim as thin as possible. The figures fol- 
lowing are only true on the assumption 
that the mass is concentrated in the mid- 
dle circle. Of course, for any desired fly- 
wheel all these can be easily worked out. 
The purpose of this article is simply to 
show that exploding flywheels are not 
necessary and can be rendered impossible 
without sacrificing in the least any con- 
venience, cost or efficiency. 

It is possible that the above reasoning 
is not quite clear to those students who 
have used Kent’s handbook entirely, for 
here it is claimed that the tensile stress 
per unit cross-section of the rim is ex- 
pressed by the formula 


S=CR fr, 
where 


C = Constant, 
R= Radius of wheel. 
r= Number of revolutions per minute. 


But it must be noticed that this is derived 
from the previous formula 


S27 £¥, 


where 


(; = Another constant, 
Il’ = Weight or mass of the rim, 
R= Radius of wheel, 

r = Revolutions per minute. 


How, then, is the variable R? obtained 
from the formula.which contains only R? 
Because IV is considered a variable which, 
as it is the weight of ring of unit cross- 
section, will vary as R. Consequently, 
‘onstant is changed and the force 
ryving as R? in the final formula is ob- 
ned. Right here comes in the agree- 
nt in reasoning with the first part of 
article. One of the conditions was 
the mass being constant the force 
ied as R alone. This is at once clear, 
if M is constant, none of its factors 
vary. The rim would merely become 
er. Also that the M is not the mass 
of 4 unit cross-section, but of the whole 
or one particle in the rim. The crux 
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of the whole thing is that the mass can 
be increased without increasing the radius 
by merely widening the rim. 


Use Batt BEarincs TO. Repuce Friction 


As to the friction of the evlindrical fly- 
wheel, it is known that friction does not 
depend on area, but merely on the weight 
and a constant for any two given surfaces. 
So the shaft or axle of the new flywheel 
could be made of as large a diameter as 
desired, and it could be supported in as 
many places as desired to prevent vibra- 
tion of the shaft, without increasing the 
friction. Now as this is so, the more area 
in contact the less would be the pressure 
per unit area. This would allow for the 
use of any bearing metal now used for 
that purpose. Referring to Fig. 2, in that 
particular case four supports of the same 
dimensions would be needed as for Fig. 
I, or two supports of twice the dimen- 
sions. Either would give the same pres- 
sure per unit area on the bearings. To 
have more than two supports, the cylinder 
could be made into separate wheels on a 
rigid shaft, which would not lessen its 
efficiency and would only lengthen the 
shaft by a distance equal to the width of 
the extra bearings. 

As the number of supports, then, does 
not increase the friction and lessens the 
pressure per unit area, ball bearings ought 
to find an immediate application. A great 
improvement in ball bearings has been 
made in recent vears. Their sphericity and 
accuracy to size have been improved and 
their ability to resist crushing has been 
more than doubled by the use of special 
alloys of crucible high-carbon steel. Con- 
sequently, smaller balls can now be used 
to do the work of larger ones, which 
would have been used before had the space 
been available. 

Another improvement is the recent in- 
troduction of the annular ball bearing, 
where the balls are placed in a groove be- 
tween two rings, which thus give a lar- 
ger bearing surface and consequently 
allow for a greater pressure on the balls. 
The pressure on a sphere is a rather inter- 
esting problem. If it were possible to 
have two spheres each of an absolutely 
incompressible material, the place of con- 
tact would be a geometrical point, and no 
matter what the the pressure 
exerted would be infinite. But as this is 
impossible the flexibility. of both the ball 
and the shaft allow of each flattening out 
according to the pressure, and thus a con- 


weights, 


siderable area is subjected to pressure. 

In a smooth-running machine, such as a 
flywheel, it has been found possible to 
decrease the friction by 75 per cent. over 
the former bearings. Thus it can be seen 
that by the use of ball bearings the new 
flywheel can be brought down to almost 
as low a friction as the old type, although 
it does contain several times the amount 
of matter. 
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The Turbine and _ Reciprocating 
Engine for Naval Purposes* 


By Lirut. W. G. Diman** 


It has been fairly well proven that for 
land purposes and for merchant vessels 
of high power and speed the turbine has 
given satisfactory results from an _ eco- 
nomical §tandpoint. A turbine under 
these conditions runs at maximum speed 
and maximum power. A passenger ship 
leaving port starts out under full-power 
conditions and remains under the same 
conditions until she arrives at the next 
port, time of passage meaning money to 
the owners. 

For naval purposes the installation of 
turbine machinery is an entirely different 
proposition. A ship is built to fight, and 
should be able to maintain the greatest 
speed possible if called upon under the 
best conditions. A ship built may never 
be called into a naval fight, but no one 
can tell when the day will come when the 
machinery may be called upon to per- 
form its greatest power. It may be only 
for an hour or two, but this hour may 
mean victory or defeat. 

If run at maximum speed the turbine 
may be the best available. The question, 
however, arises, which would be the bet- 
ter for all-round work both at low and 
high speeds and give as good results in 
cases of emergency? It may be admitted 
that for maximum speeds the turbine has 
a little the better of the argument; but 
for all-round cruising, and taking into 
consideration the installation of machin- 
ery, I think the reciprocating engine up 
to the present time is the better installa- 
tion. 

If two shafts are installed in the ship 
and on each shaft one turbine of a large 
unit, the economy is sure to drop when 
the speed drops, and at low power the 
economy will be greatly decreased be- 
cause a large unit cannot be satisfactorily 
designed to give economical results at all 
speeds. The maximum peripheral speed 
at the buckets in marine work is com- 
monly much less than one-half that of a 
turbine employed for electric lighting, and 
if the same general design were followed 
in the two cases the turbine should be at 
least four times as long if equal economy 
were to be obtained. In order to gain a 
low peripheral speed at a moderate num- 
ber of revolutions, the diameter of the 
turbine has to be increased, which means 
a marked increase in the weight of ma- 
If two turbines are placed on 
each shaft, with a high-pressure and a 
low-pressure on each shaft, the economy 
may not fall as much, but it is sure to fall 
at the lower speeds and greatly exceeds 
that of a properly designed reciprocating 


chinery. 


*Reprinted from Journal of the American 
Society of Naval Engineers, Vol. XXI, No. 1 


**T'nited States Navy. 
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engine at low powers. If three or four 
shafts are installed, or even with two 
shafts, combinations may be made whereby 
cruising turbines are installed, and the 
economy may be obtained at the lower 
speeds which will correspond closely to 
that of the reciprocating engine. As these 
economical results are obtained, what is 
done to obtain them? More turbines of 
smaller units have to be installed, more 
shafting, more piping, with joints, and 
increase of valves, and the whole equip- 
ment has to be increased and complicated. 
It becomes a question whether, to obtain 
this economy at the lower speeds equal to 
that of a reciprocating engine (it is doubt- 
ful whether it is obtained), this increase 
of machinery and complications will offset 
any gain which is claimed by the turbine. 
The less the amount of machinery on 
board and the less complicated it is, the 
easier will it be to handle and care for. 
The machinery on board a man-of-war at 
the present time is complicated enough 
without adding any more complications 
to it. 

For naval purposes under ordinary con- 
ditions a slip rarely cruises at maximum 
speed. The ordinary cruising is around 
10 or 12 knots, which is, say, 15 per cent. 
to 20 per cent. of full power. At this 
speed the cruising turbines would be prac- 
tically the only ones in use and the 
others would run idly. With the recipro- 
cating engine the economy can be regu- 
lated by using the cutoffs so that no 
change is necessary by making any change 
in the combination of the motive power. 
For these lower powers the economy of 
the reciprocating engine is decreased but 
slightly. For maximum speed the recipro- 
cating engine could be built to make the 
speed required and at the same time be 
economical. If all possible refinements in 
design that tend to economy are made, 
the reciprocating engine could be nearly, 
if not quite, as economical as the tur- 
bine. These refinements consist in the 
reduction of clearances, proper propor- 
tioning of the sizes of the cylinders, care 
in providing smooth exits through ports 
and passages, longer stroke, if possible, 
better condensing apparatus and the use 
of superheated steam. With high-class 
land engines, owing to the use of Corliss 
and drop types of steam valves, the clear- 
ance spaces have been much reduced. I 
do not see why Corliss valves, or some- 
thing on that style, could not be used for 
marine engines. They might be placed in 
the tops of the cylinders. If as many ex- 
periments as are being made at the pres- 
ent time on the turbine were made on 
the reciprocating engine, I think an in- 
crease in the economy would be shown 
with the reciprocating engine. 

Working out the water rates of about 
ten ships in the United States Navy, the 
average gives about 17.2 pounds of water 
per indicated horsepower for main engines 
only. This is at maximum power under 
service conditions. Assuming that the 
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water consumption was greater than this, 
say 19 pounds (which is quite high and 
perhaps ought to be about 17.5 to 18 
pounds), this would give for a 20,000- 
indicated horsepower engine a water con- 
sumption per hour of 380,000 pounds. 
Assuming that the boilers evaporated 9.5 
pounds of water per pound of coal, then 
the amount of coal burnt per hour for the 
main engines would be 17.8 tons. Now 
assume that the turbine installation of 
20,000 gives a water consumption under 
Service conditions of 15 pounds, this will 
mean a water consumption per hour of 
300,000 pounds, which, assuming as before 
the same evaporation per pound of coal, 
would mean a consumption of 14.1 tons of 
coal per hour. With the increase in 
auxiliaries required for the turbine this 
would be brought a little higher. This 
will show an increase in economy on the 
side of the turbine at the high speeds, but 
how long is either going to run at those 
top speeds? The reports of the economy 
of the turbine show the gain at the maxi- 
mum speeds, but reliable information is 
not obtained, as a general rule, for the 
lower speed, and it does not appear that 
the turbine has beaten the reciprocating 
engine in overall efiiciency—that is, tak- 
ing into consideration the engine and 
screw together. The degree of economy 
of the turbine in marine practice must 
compete on the largest scale with that of 
a quadruple-expansion engine expanding 
saturated steam with 210 pounds fifteen 
times into a vacuum of 25% inches, with 
an economy of 13.6 pounds of water per 
indicated horsepower per hour. 

Another question to enter into the in- 
stallation of a turbine or reciprocating 
engine is that of the relative propeller 
efficiencies. It is claimed by some that the 
high-speed turbine will give a smaller 
screw and thereby get deeper immersion 
of the blades and less draft to the 
ship. This may be well enough for tor- 
pedo boats and vessels with shallow draft, 
but for larger vessels larger screws’ are 
needed. With propellers for turbines 
running at high speeds it is just a ques- 
tion how fast the water will flow to the 
screw. In a small turbine the revolutions 
have to be high in order to get the 
peripheral-blade speed. As soon as the 
revolutions increase above that designed 
the efficiency of the screw decreases and 
cavitation losses may also enter. It is a 
difficult question to design a screw that 
will meet all the demands of a naval ves- 
sel. The thrust may be divided among 
three screws, but this will increase the 
machinery installation and complicate 
matters. The larger the screw, the greater 
the efficiency. If a blade of standard 
width gives insufficient surface, to pre- 
vent cavitation then either the blades have 
got to be made wider, other things re- 
maining the same, or a larger pitch ratio 
must be chosen, which will mean an in- 
crease in the diameter of the screw and 
reduction in the revolutions, which 
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means an increase in the diameter of th 
turbine and an increase in the weight. 
For marine turbines the vane speed ca 
hardly exceed 200 feet without grea 
sacrifice to the propeller efficiency, and is 
generally from 140 feet to 100 feet. If 
the revolutions are, say, 250 per min- 
ute, then the corresponding turbine 
diameter would be 10 feet 7 inches, 
and if the revolutions were decreased to 
200, then the diameter of the turbine 
would be 13 feet 4 inches. A screw may 
be designed for a turbine with a certain 
speed, but as the speed decreases the 
economy is lost in the turbine, and the 
screw will also lose its efficiency when the 
revolutions for which it is designed vary 
to any great extent. At high speeds of 
revolution the propeller efficiency drops 
very materially and, as a general rule, the 
gain in economy is counterbalanced by 
the loss in propeller efficiency. 

In land service an arrangement is now 
being tried with a low-pressure turbine 
working in conjunction with a reciprocat- 
ing engine, the low-pressure turbine being 
placed so as to use the exhaust from the 
reciprocating engine. This is giving 
satisfactory results and has secured great 
gains in the economy of steam. With tlic 
reciprocating engines as now used in the 
naval service, at high speeds, the vacuum 
does not have a great deal of effect in the 
power of the engine. This is due to the 
small size of the ports and the quick 
opening and closing of the valves. To 
get the full effect of the vacuum it would 
mean increasing the size of the valves to 
such an extent that it would be imprac- 
ticable. If a low-pressure turbine was 
placed so as to take the exhaust from the 
main engines the vacuum would have its 
full effect in the turbine, which would 
mean more work being done and more 
economy. By using this low-pressure tur- 
bine in conjunction with the main engines 
some complications would arise, and it is 
a question whether for the increased 
economy the installation of the low-pres- 
sure turbine would be worth while. This 
combination is spoken of in Lieutenant 
Dinger’s article in the Journal of the 
American Society of Naval Engineers, 
November, 1908. 

A good many foreign navies, in fact, 
nearly all, have tried, and are still try- 
ing, the installation of the turbine, but 
the results have been kept a secret and 
their economical and practical results are 
still a question of doubt. All reports, as 
a general rule, -of the ships having 
turbine installation show a better econ- 
omy at the maximum speed than the 
ships fitted with the reciprocating e1- 
gine, but the results at lower speeds 
are not so well reported, and the average 
result is not very satisfactory for any 
authentic information. 

Many things are claimed for the tur 
bine, among them being a saving in weight 
and a saving in space. The saving 11 


weight seldom shows an advantage 0' 
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per cent. over that of the reciprocating 
ngine. The tendency now is to increase 
ihe weight without any gain in economy. 
(he turbines installed in the first battle- 
ship in the British navy averaged about 
10.4 pounds per indicated horsepower, 
now the average is about 43.2 pounds. 
When one takes into consideration that a 
turbine installation requires high vacuum, 
which means an increase in the cooling 
surface at the condensers and a more 
complete condensing apparatus, the weight 
of the turbine will not be so very much 
under that of a reciprocating engine for 
the same power. In order to get the 
greatest efficiency out of the propeller for 
general work, and at varying revolutions, 
the propeller must be increased in size. 
When this is done the speed of rotation of 
the shaft must be reduced. The general 
tendency is to decrease the revolutions, 
which, as a general rule, means increasing 
the diameter of the turbine rotor in order 
to obtain the proper vane speed. Any in- 
crease in the diameter of the rotor means, 
of course, an increase in weight and space. 
The average’ weight, including main- 
engine cylinders, shafting, main-engine 
framing and bearings, reciprocating parts 
of main engines, main-engine valve gear, 
main condensers, main air and circulating 
pumps and propellers arranged for the 
“Louisiana,” “South Carolina,” ‘“Michi- 
gan,” “Washington,” “Tennessee,” “West 
Virginia” and “Maryland” is 63.5 pounds 
per designed indicated horsepower. If we 
take out the main condensers, main air 
and circulating pumps and propellers, the 
average weight per designed indicated 
horsepower will be 52.35 pounds. Should 
we take out the weight of the shafting aft 
from the engine this would bring the 
weight per indicated horsepower still less. 
When one takes into consideration the 
turbine combinations that are being made 
to increase the economy and the increased 
diameter in the turbine it will not be 
astonishing to note that the weights will 
not differ much. There is not so much 
space saved in the turbine installation, 
and the space used by the turbine and con- 
densers will not be much less than the 
space used for the installation of a 
reciprocating engine. The head room 
may be less in the turbine, but if proper 
facilities ate made for removing the tur- 
bine casing and removing the exhaust 
pipes the head room will not be reduced 
much. When the combinations of tur- 
bines are installed for economical pur- 
poses the space saved is very small, if any, 
over that occupied by the installation of a 
reciprocating engine. 

\nother one of the claims of the tur- 
hine might be added here, and that is the 
reduction in the engine-room staff. This 

true, but if forced lubrication were 

‘1 on the reciprocating engine (it is 

ing installed on some at the present 

le), this engine-room staff might be 

\uced somewhat. 
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The adjustment of the rotors in a fore- 
and-aft direction should be very exact. 
When it is taken into consideration that 
the clearance is from 1/16 inch to % 
inch between the stationary blades and the 
rotor, it will be readily understood that 
there is not very much chance for a 
longitudinal movement of the — shaft. 
When the turbine is going ahead and is 
suddenly thrown to full astern, there is 
bound to be a great strain set up in the 
thrust, which would, if there was the 
slightest give to the thrust, allow a play 
in a fore-and-aft direction. After run- 
ning for a time the shaft collars are bound 
to wear the shoes in the thrust, and any 
slight play in the thrust will have to be 
closely watched. In case the shaft does 
change an amount equal to the clearance, 
it would mean that the shrouding of the 
blades would be badly cut, and in case 
the blades were not shrouded it might 
mean the destruction of the blades and the 
motive power of the ship. Cases have 
occurred where the shrouding has been 
cut, and in some cases where the blades 
have gone. 

Nearly every ordinary case of break- 
down in a reciprocating engine at sea can, 
with a little ingenuity on the part of the 
engineering personnel, be repaired and the 
ship be able to get to port. The parts 
of the reciprocating engine are easily 
accessible and can be temporarily re- 
paired in some way or another. Spare 
parts can also be carried to cover any 
ordinary breakdown. It is different with 
a turbine: if any of the moving rotors are 
disabled there is no easy way to repair 
the defects unless the casing is taken off 
and proper facilities given to do the work, 
and if the blades are gone there is no way 
to repair the defects. Ordinarily, most 
of the merchant ships now fitted with 
turbines run between two ports, and are 
at one time of the run close to the works 
where they were built or may be within 
easy reach of the works. With a man-of- 
war this is entirely different. She may 
be ordered at any time to any part of the 
world, and if easy and feasible methods 
of repairs are not given for the work 
then the ship should not be ordered to any 
place outside of close communication with 
the shops where she was built. No spares 
can easily be carried for the rotor of the 
turbine, and if this rotor should be dis- 
abled there is no easy method to repair 
it. A turbine ship might be on a foreign 
station for years at a time or might be 
cn blockade duty or performing special 
duty in time of war. If anything should 
go wrong in the interior of the turbine, it 
is a much more difficult operation to re- 
pair it than with a reciprocating engine. 

In accepting the turbine for naval pur- 
poses all the above points must be care- 
fully considered to cover all conditions of 
speed and general work. The specifica- 
tions for turbine ships should lay more 
stress on the economy to be obtained dur- 
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ing service conditions than at full power, 
and any tests made with the turbine 
should be made with the installation on 
board and under service conditions. The 
comparison should then be made with the 
reciprocating engine. When the grand 
average shows a decided advantage in 
favor of the turbine for all-round work 
for naval purposes over that of the re- 
ciprocating engine then, but not until then, 
should the turbine installation supersede 
the reciprocating engine in the ships 
which are to be built in the future, whose 
speed is not much above about 21 knots. 

In writing this article I am not at all 
against the use of the turbine, but I think 
up to the present time it has not shown, 
taking everything into consideration, a 
great enough advantage in all-round work 
to warrant its taking the place of a re- 
ciprocating engine. I think that if more 
refinements were made on the reciprocat- 
ing engine this form of motive power 
would, for naval purposes, keep at equal 
pace with the turbine installation. 





Government Bulletin on Smokeless 
Combustion of Coal 





A bulletin on the smokeless combus 
tion of coal in boiler plants, with a chap- 
ter on central heating plants, will soon be 
issued by the technologic branch of the 
United States Geological Survey, giving 
in detail a study of the conditions found 
in industrial establishments in thirteen of 
the largest cities of Indiana, Illinois, Ken 
tucky, Maryland, Michigan, Missouri, 
New York, Ohio and Pennsylvania, be- 
tween 400 and 500 plants having been in 
spected. Sufficient information was col- 
lected to make the data from 284 plants 
of value for this report. 

The bulletin, prepared by D. T. Ran- 
dall and H. W. Weeks, not only shows 
that bituminous coals high in volatile mat- 
ter can be burned without smoke, but 
that large plants carrying loads that 
fluctuate widely, where boilers over 
banked fires must be put into service 
quickly and fires forced to the capacity 
of their units, can be operated without 
producing smoke that is objectionable. 
Proper equipment, efficient labor and in- 
telligent supervision are the mecessary 
factors. 

The burning of coal without smoke is 
a problem which concerns the Govern- 
ment directly because of the ‘advantages 
of smokeless combustion both in public 
buildings and on naval vessels. In addi- 
tion, smoke abatement is a factor in con- 
serving the fuel resources of the United 
States; therefore, as a part of its general 
investigation of the best methods of utiliz 
ing the coals of this country, the United 
States Geological Survey has made ex 
tended tests to determine the conditions 
necessary for the smokeless combustion 
of bituminous coal in boiler plants. 
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The 


general conclusions of Messrs. 
Randall and Weeks are as follows: 

Smoke prevention is possible. There 
are many types of furnace and stoker that 
are operated smokelessly. 

Credit is to be given to any one kind 
of apparatus only insofar as the manu- 
facturers require that it shall be so set 
under boilers that the principles of com- 
bustion are respected. The value of this 
requirement to the average purchaser lies 
in the fact that he is thus reasonably cer- 
tain of good installation. A good stoker 
or furnace poorly set is of less value than 
a poor stoker or furnace well set. Good 
installation of furnace equipment is neces- 
sary for smoke prevention. 

Stokers or furnaces must be set so that 
combustion will be complete before the 
gases strike the heating surface of the 
boiler. When partly burned gases at a 
temperature of, say, 2500 degrees Fahren- 
heit, strike the tubes of a boiler at, say, 
350 degrees Fahrenheit, combustion is 
necessarily hindered and may be entirely 
arrested. The length of time required 
for the gases to pass from the coal to the 
heating surface probably averages con- 
siderably less than one second, a_ fact 
which shows that the gases and air must 
be intimately mixed when large volumes 
of gas are distilled, as at times of hand 
firing, or the gas must be distilled uni- 
formly, as in a mechanical stoker. By 
adding mixing structures to a mechanical- 
‘Stoker equipment both the amount of air 
required for combustion and the distance 
from the grates to the heating surface 
may be reduced for the same capacity de- 
veloped. The necessary air supply can 
also be reduced by increasing the rate of 
combustion. 

No one type of stoker is equally valua- 
ble for burning all kinds of coal. The 
plant which has an equipment properly de- 
signed to burn the cheapest coal available 
will evaporate water at the least cost. 

Although hand-fired furnaces can be 
operated without objectionable smoke, the 
fireman is so variable a factor that the 
ultimate solution of the problem depends 
on the mechanical stoker—in other words, 
the personal element must be eliminated. 
There is. no hand-fired furnace from 
which, under average conditions, as good 
results can be obtained as from many dif- 
ferent patterns of mechanical stoker; and 
of two equipments the one which will re- 
quire the less attention from the fireman 
gives the better results. The most eco- 
nomical hand-fired plants are those that 
approach most nearly to the continuous 
feed of the mechanical stoker. 

The small plant is no longer depen- 
dent on hand-fired furnaces, as certain 
types of mechanical stoker can be in- 
stalled under a guaranty of high economy, 
with reduction of labor for the fireman. 

In short, smoke prevention is both pos- 
sible and economical. 

During 1904 to 1906 coals from all 
parts of the United States were burned 





POWER AND THE ENGINEER. 


at the Government fuel-testing plant at 
St. Louis, in furnaces which were in the 
main of the same design. Most of the 
tests were made on a hand-fired furnace 
under a Heine water-tube boiler. The 
lower‘row of tubes of the boiler supported 
a tile roof for the furnace, giving the gas 
from the coal a travel of about 12 feet 
before coming into contact with the boiler 
surface. This furnace is more favorable 
to complete combustion than those in- 
stalled in the average plant. A number 
of coals were burned in this furnace with 


‘little or no smoke, but many coals could 


not be burned without making smoke that 
would violate a reasonable city ordinance 
when the boiler was run at or above its 
normal rated capacity. 

In 1907, the steaming section of the St. 
Louis plant was moved to Norfolk, Va., 
where subsequent tests of this nature 
were made. The plant at Norfolk was 
equipped with two furnaces—one fired by 
hand and the other by a_ mechanical 
stoker. 

In the course of the steaming tests 
some special smoke tests were made and 
the influence of various features in smoke 
production was noted. As the tests were 


- made as far as possible under standard 


conditions with a minimum variation in 
boiler-room labor the results bring out 
the importance of other factors, such as 
character of fuel and furnace design. 

A brief summary of the general con- 
clusion is as follows: 

A well-designed and operated furnace 
will burn many coals without smoke up to 
a certain number of pounds per hour, the 
rate varying with different coals, depend- 
ing on their chemical composition. If 
more than this amount is burned, the 
efficiency will decrease and smoke will be 
made, owing to the lack of furnace capa- 
city to supply air and mix gases. 

High volatile matter in the coal gives 
low efficiency and vice versa. The high- 
est efficiency was obtained when the fur- 
nace was run at low capacity. When the 
furnace was forced the efficiency de- 
creased. 

With a hand-fired furnace the best re- 
sults were obtained when firing was done 
most frequently and with the smallest 
charge. : 

Small 
smoke 


with less 
developed 


burned 
but 


sizes of coal 


than large sizes, 
lower capacities. 

Peat, and subbituminous coal 
burned readily in the type of tile-roofed 
furnace used the rated 
capacity with practically no smoke. 

Coals which smoked badly gave effici- 
encies 3 to 5 per lower than the 
coals burning with little smoke. 

Briquets were found to be an excellent 
form for using slack coal in a hand-fired 
plant. They can be burned at a fairly 
rapid rate of combustion with good effici- 
ency and with prattically no smoke. High- 
volatile valuable 
when briquetted as low-volatile coals. 


lignite 


and developed 


cent. 


coals are perhaps as 
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A comparison of tests on the same coal 
washed and unwashed showed that under 
the same conditions the washed coal 
burned much more rapidly than the raw 
coal, thus developing high rated capa- 
cities. In the average hand-fired furnace 
washed coal burns with lower efficiency 
and makes more smoke than raw coal. 
Moreover, washed coal offers a means of 
running at high capacity, with good effici- 
ency, in a well-designed furnace. 

Forced draft did not burn coal any 
more efficiently than natural draft. It 
supplied enough air for high rates of 
combustion, but as the capacity of the 
boiler increased the efficiency decreased 
and the percentage of black smoke in- 
creased. 

Most coals that do not clinker exces- 
sively can be burned with from I to 5 per 
cent. greater efficiency and with a smal- 
ler percentage of black smoke on a rock- 
ing grate than on a flat grate. 

Air admitted freely at firing and for a 
short period thereafter increases efficiency 
and reduces smoke. 

As the CO in the fuel increases the 
black smoke increases; the percentage of 
CO in the flue gas is therefore, in gen- 
eral, a good guide to efficient operation. 
However, owing to the difficulty of de- 
termining this factor, combustion cannot 
be regulated by it. 

The simplest guide to good operation is 
pounds of coal burned per square foot of 
grate surface per hour. 

None of the problems of combustion 
received more experimental treat- 
ment than the burning of coal in hand- 
fired furnaces. Hundreds of: devices for 
smokeless combustion have been patented, 
but almost without exception they have 
proved failures. This record may be ex- 
plained by the fact that many of the pat- 
entees have been unfamiliar with all the 
difficulties to be overcome, or have begun 
at the wrong end. Numerous patents 
cover such processes as causing the waste 
gases to reénter the furnace, and schemes 
for collecting and burning the soot are 
legion. So many manufacturers who have 
been looking for some cheap addition to 
a poorly constructed furnace to make it 
smokeless have experienced inevitable 
failure that the work of educating the 
public to rid cities of the smoke nuisance 
has been hard, long and only partly suc- 
cessful. 

The total number of steam plants hav- 
ing boilers fired by hand is far greater 
than the total of plants with mechanical 
stokers, but if the comparison is based 


has 


on total horsepower developed the fig- 
ures show less difference. Particularly is 
this true in sections of the central West. 
where mechanical stokers are generally 
used at large plants. As a rule, hand- 
fired plants do not have proper furnaces, 
and methods of operation are far from 
conducive to good combustion. Coal is 
usually fired in large quantities, and lit- 
tle opportunity is given for the air and 
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gases to mix before the heating surface 
is reached and combustion is arrested. In 
all the hand-fired plants visited success 
in smoke prevention has been obtained 
chiefly by careful firing. The coal was 
thrown. on often in small quantities; the 
fire was kept clean, enough ash to pre- 
vent the passage of air through the fire 
never being allowed to collect on the 
grate; and more air was supplied at fir- 
ing than after the volatile matter had been 
distilled. Even with such precautions the 
plants might have made objectionable 
smoke at times but for the fact that usu- 
ally some method was employed for mix- 
ing the gases and air before they reached 
the heating surface. 

Some general conclusions from the facts 
set forth in the bulletin are as follows: 

The flame and the distilled gases should 
not be allowed to come into contact with 
the boiler surfaces until combustion is 
complete. 

Firebrick furnaces of sufficient length 
and a continuous or nearly continuous 
supply of coal and air to the fire make it 
possible to burn most coals efficiently and 
without smoke. 

Coals containing a large percentage of 
tar and heavy hydrocarbons are difficult 
to burn without smoke and require special 
furnaces and more than ordinary care in 
firing. 

Briquets are suitable for use under 
power-plant conditions when burned in a 
reasonably good furnace at the tempera- 
tures at which such furnaces are usually 
operated. In such furnaces briquets 
generally give better results than the 
same coal burned raw. 

In ordinary boiler furnaces only coals 
high in fixed carbon can be burned with- 
out smoke, except by expert firemen using 
more than ordinary care in firing. 

Combinations of boiler-room equipment 
suitable for nearly all power-plant condi- 
tions can be selected, and can be operated 
without objectionable smoke when rea- 
sonable care is exercised. 

Of the existing plants some can be re- 
modeled to advantage. Others cannot, 
but must continue to burn coals high in 
fixed carbon or to burn other coals with 
inefficient results, accompanied by more 
or less annoyance from smoke. In these 
cases a new, well designed plant is the 
only solution of the difficulty. 

Large plants are for obvious reasons 
usually operated more economically than 
small ones, and the increasing growth of 
central plants offers a solution of the 
problem of procuring heat and power at 
a reasonable price and without annoyance 
from smoke. 

The increasing use of coke from by- 
product coke plants in sections where soft 

al was previously used, the use of gas 
‘or domestic purposes and the purchase 

f heat from a central plant in business 
nd residence sections all have their influ- 

ce in making possible a clean and com- 
‘ortable city. 
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The Alberta (Can.) License Law 


On May 9, 1906, the legislative assem- 
bly of the Province of Alberta, Canada, 
passed its first engineers’ license and in- 
spection law, entitled, “The Steam Boiler 
Act.” 

This act, with the amendments passed 
in 1907 and 1908, clearly defines the terms 
“boiler,” “owner,” “engineer,” “inspector,” 
etc., prescribes the duties of all persons 
connected with the operation and inspec- 
tion of steam boilers, and provides for the 
enforcing of the act. 

The act provides for obtaining a certifi- 
cate of qualification as engineer in three 
ways: 

First, any person who holds a certificate 
of qualification as an engineer from any 
incorporated body authorized to grant 
such certificates of qualification for oper- 
ating steam boilers and engines or from 
the dominion or any provincial govern- 
ment, or from any competent authority in 
any other portion of the British Empire, 
or the United States of America, shall be 
entitled, upon making application to the 
minister accompanied by such evidence of 
his qualification as may be required by 
the minister and upon payment of a fee 
of $5, to obtain a certificate of qualifica- 
tion as an engineer in the class determined 
by the minister. 

Second, those who have had over one 
year’s experience in charge of and oper- 
ating steam boilers and engines outside 
of this province, upon furnishing evidence 
of the fact and passing an oral examina- 
tion before an inspector, can obtain pro- 
visional certificates which entitle them to 
act as engineers to operate steam boilers 
and engines of any capacity not exceeding 
35 horsepower for one year, and at the 
expiration of such certificates, if the hold- 
ers desire to continue to act as engineers, 
they have to undergo a written examina- 
tion for first-, second-.or third-class cer- 
tificates, as may be determined by the in- 
spector. The fee for a provisional or final 
certificate is $5. 

Third, persons who have had no experi- 
ence in operating steam boilers and en- 
gines, but who desire to become engineers, 
can do so by serving as apprentices for 
ene year to an engineer or engineers who 
are registered as holders of first-, second- 
or third-class certificates for the province, 
and at the expiration of such time pass- 
ing an examination before an inspector. 

Examinations for final certificates are 
held from time to time at various points 
throughout the province by the inspectors, 
and persons desiring to undergo an ex- 
amination should notify the inspectors or 
the deputy minister so that they may be 
informed of the next date of examination. 

The names and addresses of the inspec- 
tors are: Joseph Buxton, Calgary; David 
Fraser, Strathcona; F. W. Hobson, Red 
Deer. 

Persons undergoing a written examina- 
tion are examined as to their knowledge 
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of the Construction, care and operation of 
steam boilers and engines, also a certain 
list of theoretical and practical questions. 
Any candidate through lack of education 
may be allowed to secure the services of 
a person who will ‘write answers to ques- 
tions, or interpret only as instructed by 
the candidate, but such person or interpre- 
ter shall not be an engineer. 

Candidates writing for a first-class cer- 
tificate must obtain 70 per cent. of the 
total number of marks allotted, those writ- 
ing for second- must obtain 60 per cent. 
and for a third- 50 per cent. in order to 
pass. Those who fail for first-, but make 
60 per cent. of marks allotted, may be 
granted a_ second-class certificate, and 
those making only 50 per cent. on the 
second- may be granted a third-class cer- 
tificate. Candidates failing to pass may 
not again write for the same or a higher 
class of certificate until after the expira- 
tion pf one year. 

For the guidance of those who may de- 
sire to present themselves for examination 
for certificates as engineers, the following 
information is given regarding the sub- 
jects of examination. 

(a) Questions relating to the origin of 
steam and its uses. 

(b) Questions relating to the different 
kinds of boiler to generate steam and 
manner of constructing them, including 
the strength of materials used in making 
boilers, and the proper proportion in size 
and thickness of material to be used, to 
gether with proper areas of grate, etc. 

(c) Questions regarding the different 
kinds of safety valve for controlling the 
pressure in steam boilers and other neces- 
sary fittings. 

(d) Qvesiions regarding the proper 
methods of raising and maintaining steam 
in boilers and the care necessary to keep 
them in good order, and when repairs are 
necessary the method of making them. 

(e) Questions regarding the kind, con- 
struction and operation of the different 
appliances used to feed and supply boilers 
with water during operation. 

(f) Questions regarding the different 
kinds of engine used in developing steam, 
including their construction and _ the 
methods of calculating their power and 
the proper methods of 
operating such engines. 


caring for and 

The questions are made as clear and 
concise as possible and every effort has 
been made to make the questions cover 
such theoretical and practical knowledge 
as should be possessed by every engineer 
charged with the care and operation of 
steam boilers and engines. 

Candidates desiring to qualify for ex- 
amination can obtain the necessary theo- 
retical information to enable 
answer the questions by 
recognized textbook on 
steam engine. 

Forms of application and any additional 
information may be obtained by address- 
ing John Stocks, deputy minister. 


them to 
studying any 
the boiler and 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Courtesy Due the Engineer 


The engineer often enters into corre- 
spondence with different manufacturers 
in order to find out what is most suitable 
for his plant, considering the conditions 
under which he has to operate. He uses 
his firm’s letterhead to show who he is; 
but many times the dealer will write the 
firm in reply, with the result that the let- 
ter promptly reaches the waste basket, 
causing at least delay and perhaps trou- 
ble for the engineer. It is the engineer’s 
duty to find what is needed, then to ad- 
vise his employer. Then when a manufac- 





turer or dealer receives word from that 
employer it is time enough to write him 
and not before. This consideration is 
due the engineer. 

The writer has within a short time sent 
orders to a firm to the amount of $10,000, 
yet it is possible that that firm does not 
know to whom to credit that business. 
This goes to show that while the em- 
ployer pays the bills, the engineer may 
have to furnish the brains. In fact, that 
is what he is paid for. As a rule manu- 
facturers and dealers are courteous to 
and assist the engineer in many ways, 
seeming to appreciate the fact that he is 
“the man behind their machines,” yet 


there are others who persist in working 
against their own interests. 
J. F. Miter. 
St. Augustine, Fla. 





Timing Gas Engine Valves and 
Ignition 


Mr. Tilden in his letter on page 416 of 
the March 2 issue comes to conclusions 
which do not seem to “jibe” with my ex- 
perience, and I should like to point out 
the reason why I am strongly of the opin- 
ion that it is better if the valves do not 
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center point; to close 10 degrees after the 
dead-center point. 

This adjustment will give better results 
than when the valves open and close at 
the dead-center point. 

It is true that a gas engine acts during 
two strokes as a pump and that the valves 
of a pump should close at the end of the 
stroke. But it is a well known fact that 
in a gas engine it is important that the 
mixture is, as far as possible, free from 
exhaust gases, or else there will be slow 
combustion, which may cause backfiring if 
the cylinder head is not free from dead 
spaces. By adjusting the valves as men- 





close and open on the dead-center points. 
I made several tests on vertical gas en- 
gines and I found that a proper adjust- 
ment for the valves is as follows: 

For vertical engines (Fig. 1): Inlet 
valve to open 30 degrees ahead of the 
dead-center point; to close 6 degrees after 
the dead-center point. Exhaust valve to 
open 40 degrees ahead of the dead-center 
point; to close 30 degrees after the dead- 
center point. 

For horizontal engines (Fig. 2): Inlet 
valve to open 20 degrees ahead of the 
dead-center point; to close 20 degrees 
after the dead-center point. Exhaust valve 
to open 40 degrees ahead of the dead- 


FIG. 2 


tioned herewith there will be a_ better 
clearing of the cylinder, if the engine is 
well constructed, which means a better 
mixture, and this is of more importance 
than the very small loss of mixture, if 
any, produced by opening and closing the 
valves a little earlier and later. 

As mentioned by Mr. Tilden, it is im- 
portant that the time of ignition may be 
changed while the engine is running. It 
should be possible to ignite the mixture 
from 50 degrees ahead to 20 degrees after 
the dead-center point, the latter adjust 
ment being used for starting the engine 

Harry A. MEIXNER. 

Brooklyn, N. Y. 
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Improvement on Low Water Alarm 





The low water in the storage tanks 
located on the roof of the factory was 
rather difficult to account for when the 
insurance inspectors made their visit. 
After promises had been made to keep a 
closer check on the actual amount of 
water in reserve, a careful inspection of 
the low-water alarm was made, with the 
that the trouble came from this 
source. 

A construction similar to Fig.-1 was in 
This consisted of a float connected 
to a stem, to which was secured a brass 
disk A which made contact with the two 
springs B B, when there was an absolute 
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The 


alinement of the top of the springs. 
guide pipe C was supposed to make con- 
tact probable, and if one of the springs 
had not become bent the scheme would 


have worked intermittently, with fair re- 
sults 

tlowever, the design seemed so hope- 
less that a few changes were made, as 
shown in Fig. 2. 

The rod D was threaded at the upper 
end and a brass cone E attached. The 
two springs BB were discarded and two 
segments of a circle were made of 
brass and attached to the fiber strips 
wn in the section in black. The action 

became much more positive, as the 
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cone E wedged into position and made 
contact with both of the segments, and 
there was no possibility of any of the parts 
getting cut of order. 

The scheme has given perfect satisfac- 
tion and the inspectors have since found 
a tank full of water on their rounds of 
inspection. 

; Curtis C. Myers. 
Indianapolis, Ind. 





Lubricants for Cylinders 





In reference to John M. Sewell’s article 
on the above subject, I should like to 
make a few remarks, partly as a friendly 








Power, N.Y. 


criticism and partly to amplify his notes. 

A few years ago the chemist dominated 
the lubrication-oil tests and oils were 
judged by certain physical tests made on 
them. The tests were usually made for 
gravity, flash, viscosity, acid, etc. Actual 
results on engines so constantly contra- 
dicted the chemists’ tests that Henry. M. 
Wells and myself began an investigation 
and were fortunate in obtaining the assist- 
ance of scientifically trained men in the 
Liverpool University engineering depart- 
ment, where a system of research work 
was started. Some extremely interesting 
results were obtained. 

One important factor was made clear 
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in this research work, viz., the chemists’ 
tests were useless in selecting a good oil 
or the best oil out of a number designed 
for any given purpose. Of course, gravity 
had no value at all, and when viscosity 
was found for high temperatures, practi- 
cally ail cylinder oils had the same 
viscosity at, say, 400 degrees Fahrenheit. 
At 600 degrees Fahrenheit they all become 
thinner than water. 

The flash point also appeared a useless 
factor for classing oils as to quality. The 
flash is found under ordinary atmospheric 
conditions and pressure, but when an oil 
is placed under considerable pressure and 
in the presence of steam at a high tem- 
perature, conditions are changed and 
consequently the flash point becomes an 
exceedingly doubtful factor. It was found, 
on examining oil and deposits taken from 
steam engines using high-pressure and 
superheated steam, that no cylinder oil 
decomposed, even, at over 700 degrees 
Fahrenheit. This is not the place to go 
thoroughly into these or other factors, and 
they are merely mentioned to show that 
the chemists’ ideals are not the engineers’. 

In regard to Mr. Sewell’s claim that 
pure mineral oils are best for cylinder 
lubrication, I believe I am correct in stat- 
ing that practically all the best cylinder 
oils are mixed with oils that are not min- 
eral. Pure hydrocarbon oils have had a 
fashion, in name at least, but I thought it 
had completely died out, for oil manufac- 
turers enjoyed the joke too much. The 
acid bogey crops up now and then, but 
there are bad workmen in most trades. 
Further, I ventured to state that practi- 
cally all mineral oils contain acid and 
no inconsiderable quantity of it, either. I 


have certainly seen more damage done by 


such acid than is done by badly com- 
pounded cylinder oils containing decom- 
posed animal or vegetable fats. 

In conclusion, I would point out a 
slight oversight on the part of Mr. 
Sewell, when he mentions that a gas- 
engine oil must have a high fire test and 
be a pure mineral oil. The temperatures 
in a gas engine are enormously higher 
than in a steam engine, and yet we use on 
our gas engine what is really only an en- 
gine-bearing oil with a flash point con- 
siderably lower than any steam-cylinder 
oil. A steam-cylinder oil with a high flash 
point would be useless on a gas engine, 
and the gas-engine oil with its low flash 
point, as compared to a_ steam-cylinder 
oil, would be useless on a steam engine. 
Flash point, therefore, has no influence. 
As regards gas-engine oil being pure’ min- 
eral, it is quite possible that such oil is 
used and probably successfully in some 
cases, but the great majority of gas en- 
gines a compounded oil containing 
other ingredients than mineral oil. Ex- 
perience seems to point to the fact that 
such mixtures are a necessity for success 
ful lubrication of a gas-engine cylinder. 

WILLIAM Scott TAGGART. 

Bolton, England. 
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A Hose Reel 





The accompanying sketch shows the 
manner of constructing a hose reel. It 
is very convenient for keeping the hose in 
good shape and in running off or coiling 
the hose. 

The reel turns on the 1-inch pipe which 
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HOW TO MAKE A HOSE REEL 


has a stuffing-box joint between it and the 
union. 
J. O. BeENEFIEL. 


Anderson, Ind. 





Kerosene as a Scale Remover 





Mr. Mellen set forth his views regard- 
ing the use of kerosene for removing scale 
from steam boilers. Evidently, Mr. Mel- 
len did not go very deeply into the proper- 
ties of kerosene, or he would not have 
assumed that the “150 degrees” on a bar- 
rel of illuminating oil implies that that is 
the point at which it will vaporize. If the 
barrel contained gasolene the “rI50 de- 
grees” would mean the point at which it 
would vaporize, but for kerosene the 
vaporizing point is 338 degrees Fahren- 
heit and upward, so that Mr. Mellen’s 
conclusion that kerosene in a_ boiler 
passes off in the form of vapor long be- 
fore any steam is used from it is not 
true, unless the pressure in the boiler ex- 
ceeds 100 pounds. As the pressure on the 
boilers in the case he had in mind was 
only 20 pounds, it is quite evident that the 
kerosene did not pass off in the form of 
vapor. 

I also think that Mr. Mellen is inclined 
to condemn kerosene too strongly as a 
scale preventive. Where used with intelli- 
gence it seems to give excellent results. 
The first application of the oil should, if 
possible, be made while the boiler is idle, 
by inserting from 3 to 6 quarts of oil, 
then filling the boiler with water, heating 
it to the boiling point and allowing the 
water to stand in the boiler a week or 
two before removal. The oil should then 
be added in small quantities (2 to 4 
quarts per week) when the boiler is in 
actual use. 


W. S. Duranp. 
Brooklyn, N. Y. 


POWER AND THE ENGINEER. 
Mr. Hull’s Emergency Motor 


Connections 





Referring to Fig. 1 of C. V. Hull’s 
interesting article on page 763 of the 
April 27 number, I should like to sug- 
gest that the seriously objectionable feat- 
ure of connecting his field winding di- 
rectly to the line could easily be avoided 
by making the connections as shown in the 
accompanying diagram. This not only 
compels the operator to open the field cir- 
cuit every time the armature is discon- 
nected, but it causes the lamps to indi- 
cate which voltage the motor is running 
on, by burning dimly or brightly, and it 
eliminates one of the wires from the field 
winding to the main line, one terminal of 
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MR. MALCOLM’S DIAGRAM 


the field winding being connected directly 
to one armature terminal on the motor, 
as usual. 
GeorGE W. MALCOLM. 
Brooklyn, N. Y. 





Gas Engine Back Firing 





In making tests, in the works, of four- 
cylinder vertical gas engines considerable 
trouble was experienced with back- 
firing. This would occur at no load just 
the same as when the brake was on up 
to 100 horsepower. It did not occur on 
the compression stroke, as they often do, 
but on the suction stroke. If it had oc- 
curred on the compression stroke it would 
not have been heard in the air pipe; at 
least, not so loud, as all the valves are 
shut. 

As the engines were only just erected, 
the trouble was not due to incandescent 
carbon deposit, but it was thought it might 
be due to burs on sharp corners getting 
red hot. Care was therefore taken to 
clean everything and round off the holes 
to the indicator cocks, etc. We started 
up again, but things were no better, the 
back-firing occurring with annoying regu- 
larity. . Just then the producer was put out 
of commission owing to a damaged lining. 
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We turned the town gas over to the en- 
gine and it ran as nicely as could be de- 
sired; no back-firing occurred at all. 

By the time the end of the test was due 
the suction producer was all right, so we 
turned the gas on to the engine again. 
Back-firing occurred, however, as loud 
and as often as before. This showed that 
either the mixture or the gas was at 
fault. We twisted the air cocks to all 
positions and got a very slight improve 
ment by more air. Next I turned off th: 
steam a little at the producer and the im- 
provement was considerable. I then turned 
it off by degrees still more, taking car¢ 
that the generator did not heat up ab- 
normally, and soon the back-firing ceased 
altogether. 

Now, from what I have read of the 
theory of the production of gases, I re- 
membered seeing it stated that there are 
some mixtures of oxygen with hydrogen 
that are explosive at comparatively low 
temperatures. So I think that when I 
turned off the steam the gas that was 
coming through before was modified so 
that these mixtures were not in it. | 
should, however,: like to read another 
opinion about this. If it is so, then the 
hot gases remaining over from the ex- 
haust stroke would easily light back the 
fresh gas when the inlet opened. 

As this case cannot be unique the cure 
may be of use to others. 

Joun S. Leese. 

Manchester, Eng. 





Cause of an Engine Wreck 


One morning recently a 400-horsepower 
tandem compound engine, belted to a 
generator and running  noncondensing, 
with full load and a gage pressure of 135 
pounds, was running smoothly, when the 
top lug on the connecting rod next to 
the crank brasses broke as shown in the 
illustration, wrecking the engine. When 
the lug broke, the brasses pulled apart 
at the top when the engine was taking 
the pull, allowing the connecting rod to 
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CAUSE OF ENGINE WRECK 


drop to the floor, after bending the lower 
bolt in a segment of a circle. 

When the connecting rod dropped to 
the floor the piston hit the cylinder head 
of the low-pressure cylinder, cracking the 
low-pressure piston. The crosshead shoes 
were detached from the crosshead and 
shot out on the floor. After the load had 


been taken off, the flywheel and genera 


tor ran for about 25 minutes. 
D. C. CHITTENDEN. 
Brantford, Ont. 
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Kerosene Oil in Boilers 


I have taken charge of boilers which 
were badly coated with a hard-lime scale 
and have removed it very effectually by 
the use of kerosene. I would not, how- 
ever, recommend the use of kerosene in- 
discriminately, for if the water to be 
treated carries a quantity of vegetable 
matter it is liable to be muddy. Other 
boiler solvents would be better, but a 
hard-lime scale that cannot be removed 
by other solvents can be moved by an in- 
telligent use of kerosene. If a boiler is 
excessively scaled there is some danger 
from the use of kerosene, as it will undoubt- 
edly find the weak places in the shell and 
tubes and is liable, in removing the scale, 
to start a leak. In order to obtain the 
best results it is necessary to put the 






























































FIG. I 


kerosene into the boiler before filling it, 
as the oil will then float on the surface 
of the water, the entire surface of the 
Shell and tubes will be covered and if 
there is any scale, the oil will work under- 
neath and detach it from the iron. A 
practical demonstration of this can be ob- 
tained in the case of an old bolt, the nut 
of which, however rusty, can readily be 
removed after a liberal use of kerosene. 
The usual grade of kerosene oil will 
vaporize at approximately from 118 to 
125 degrees, the difference being relative 
as to whether the vaporizing is carried 
on in an open or closed vessel. Taking 
the average point as 120 degrees, it is cer- 
tain that feeding kerosene, drop by drop, 
into the feed water is useless, especially if 
a heater is placed between the feeder and 
the boiler, as it would be a very poor 
heater which would not heat the water 
to more than 120 degrees, and as steam at 
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even 60 pounds pressure, absolute, would 
have a temperature of 292 degrees, there 
remains 172 degrees in excess of the 
vaporizing point of kerosene. So it ap- 
pears that the only method of obtaining 
satisfactory results is by putting the oil 
into the empty boiler. 
Cuartes H. Taytor. 
Bridgeport, Conn. 





Arranging a Water Column 





A short time ago the writer had oc- 
casion to visit a fellow engineer and, 
while being shown through the plant, 
noticed a little feature that may be of 
interest. Everything was in order and 
the engines running nicely, but the water 
glasses on the boilers were in the wrong 





























FIG. 2 


place, and it was necessary to keep a light 
hanging near them all the time. I sug- 
gested the remedy shown in the accom- 
panying sketch. 

In Fig. 1, the water column is shown 
with the try cocks in front at A, also 


- the water glass, which could not be seen 


at a short distance from the column to 
the left. Fig. 2 shows the same water 
column turned one-quarter around to the 
left, bringing the glass to the front, but 
putting the try cocks B too close to the 
breeching door of the boiler. By discon- 
necting the water column from the piping 
and turning it upside down, it changed 
the position of the try cocks shown at B 
to that shown by the dotted lines, at C. 
It will be noticed that they are in an in- 
verted position. They were given one- 
half turn each, which put them in the 
correct position. In making this change 
it was necessary to transfer the water- 
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glass shut-off valves so as to have the pet 
valve J at the bottom. 
C. W. Duntap. 
Depew, N. Y. 





Increase of Salary 





In answer to the question propounded 
by Mr. Mitchell, I should most certainly 
ask for an increase of salary, as the em- 
ployer shows by his actions that he will 
not give it until asked. My way would 
be to show him where and how I had 
saved him money and then ask him if I 
was not entitled to at least part of the 
amount I had saved him. If he were 
the right sort of a man he would grant 
it; if not, there is only one way to do, 
and that is to look for another situation, 
where your work will be better appreci- 
ated, and when secured, leave in a square 
and fair way. The only argument you 
can use with some employers is more 
pay or a new man, but I do not believe in 
the use of it until peaceful persuasion has 
failed. 

It is a hard matter to decide this ques- 
tion when all the facts are not known, 
but it looks to me from those given, that 
if the company mentioned could pay its 
former engineer $35 per week the present 
one under the circumstances ought to get 
that amount, or more, without asking 
for it. 

There are a large number of employers 
who know very little about a steam plant 
or what is going on there, and as long 
as the wheels keep turning and the bills 
for fuel, supplies and repairs are not too 
high, will never give it a thought. This 
class of employer will not give an increase 
of salary unless it is brought to his no- 
tice with good strong arguments and 
facts. I take it from the information 
given that the engineer has kept a record 
of his plant and knows somewhere near 
the cost of operation, and if so he has 
one good, strong, convincing argument in 
his own hands. 

Most employers, if approached in the 
right way, and the matter is put up to 
them in a business-like manner, will meet 
you more than half way and will either 
grant your request or give good reasons 
for not doing so, in such a way that there 
will be no hard feelings. But walking 
into a man’s office and informing him 
that: “I have saved you so much money; 
or, the plant has cost you less money to 
run under my charge than under my pre- 
decessor, and I want the same or more 
salary than he got, or you can get an- 
other engineer tomorrow morning,” is 
not the right way to go about it, and will 
lead to hard feelings and cost you your 
situation. 

Present the facts of the case as you see 
them, give him to understand that you 
think it is right you should get an in- 
crease, and also that there will be no hard 
feelings, only disappointment, if you do 
not get it, and then you will leave the 
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road open for a second attack if needed. 
Use diplomacy, for it pays in the end. 
W. E. SarceEnt. 
Franklin, Mass. 


I should say that the engineer referred 
to certainly had the right idea about 
“showing his employers by his work that 
he was worth all they could afford to 
pay,” but unfortunately he was the right 
man in the wrong place, as he was receiv- 
ing $200 per year less than a former man, 
while saving his employer $2400 per year 
in expenses. 

Few employers are willing to increase a 
man’s pay voluntarily, however good he 
may be, but let him hang on as long as 
he will, and when he tires of the condi- 
tions under which he is working, and de- 
sires to leave, he is told that he is a good 
fellow, along with a lot of other “gush,” 
and perhaps if he can be persuaded to 
stay, a little “satisfier” is attached to the 
pay check, and he blushes when he gets 
it. He is a good fellow, though, and he 
stays. It seems to me that the man who 
really knows and does things is the man 
who gets the little plum, although we de- 
sire to believe the reverse. 

Some time ago an engineer was told by 
the superintendent that since he had taken 
charge “things had been going 100 per 
cent. better;” but a short time afterward, 
when this same good engineer asked for 
an increase in salary, he was told that 
there was no chance for any raise. This 
engineer was making a good saving, but 
he didn’t get any of it. 

If a man can better conditions or save 
his employer dollars, I see no reason why 
he is not entitled to a portion of the sav- 
ing, and if he cannot get it without the 
asking, he should ask. He will be turned 
down enough at that. My experience has 
been that I never get what.I do not 
ask for. 

Some large manufacturers give their 
employees a portion of what they save the 
concern. This is based on the premium 
system, but the giving of a portion saved 
could be carried to practically every de- 
partment where capital and labor meet. 

Yes, ask for more salary if you con- 
scientiously think you deserve it, and 
know the reason why, even if you do not 
get it. Hold up for your just dues, for 
no one respects a weakling. The good 
man too oft gets the flowers after he is 
gone. 


L. Earte Brown. 
Ensley, Ala. 


The question of requesting an increase 
in salary seems to me to be one not rightly 
classified by the word “proper.” An engi- 
neer, or anyone else, in fact, is employed 
on the basis of his being able to produce 
results. If he can do this, his employment 
may be considered “proper,” if you please, 
but there is no real significance in such a 
designation. 


In the case of the engineer who had 
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shown an operating saving of $50 per week 
over his predecessor, there should not only 
be no hesitancy in his asserting his right 
to an increase of salary, or an amount at 
least equal to that of the other engineer, 
but rather he should receive an even bet- 
ter salary than the other engineer, in pro- 
portion to the increased savings. The em- 
ployer who does not appreciate an engi- 
neer who can save $50 per week over the 
operating cost which obtained previous to 
his taking hold will never give an increase 
unless it be asked for, and probably then 
only when he sees that he cannot other- 
wise hold the engineer. Again, an opera- 
tive who can show such saving does not 
have to work at a lower salary than one 
who cannot, and if his salary does not in- 
crease as a natural result, it will be in- 
creased by someone else. Wide-awake 
employers are on the lookout for efficient 
engineers. 

It is a modest principle not to ask for 
an increase of salary, but a dollar is a 
dollar, and the man who does not sell his 
labor at its highest market value, but 
conscientiously keeps quiet and wonders 
why his employer does not raise his sal- 
ary, may be a long time waiting. The em- 
ployer who wants real live men is not 
hunting cheap ones. 

F. E. Lister. 

Brooklyn, N. Y. 


As a rule, a man will always work for 
the same wages he started out at, if he 
does not ask for more. I have always 
made it a point to earn more for the em- 
ployer than I was receiving in wages, 
and I have gained my point, as I have 
never been refused a raise when I asked 
for it. I think before a man asks for an 
increase in salary he should consider very 
closely whether he is worth enough to 
his employer to warrant the raise. No 
man with ordinary intelligence can work 
at the same business any length of time 
without being worth more to his em- 
ployer. 

Employers will hire just as cheaply as 
possible, no matter what you are worth 
to them. I think it every man’s duty to 
himself and family to ask for a salary to 
the extent of their actual worth to their 
employer, and if the employer does not 
then concede to what the employee 
asks, the employee should be pre- 
pared to quit his job and go where 
he can get what he is worth. Most em- 
ployers know pretty nearly what you are 
worth to them after you have worked for 
them awhile. 

The most important point is, to be sure 
that you are fully worth to your employer 
what you are asking for, and if you get 
the raise, bend every energy to make good 
and prove to him that it is a good thing 
for him that he conceded to your wishes. 

Monroe JOHNSON. 

Emmetsburg, Iowa. 


I should say that the engineer has good 
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grounds to ask and expect to receive pay 
even greater than the former engineer had 
been getting. I think.it is a mean busi- 
ness to pay less to a good engineer 
who does better work than the former 
engineer. 
Epwarp ANDERSON. 
Stevensville, Mont. 


By all means ask for an increase in 
salary. The average engineer piles up 
fortunes for men who never toil at pro- 
ductive labor, and yet imagines he is in 
duty bound to work for just what salary his 
boss may choose to give him. Try to get an 
increase in salary, and lay it aside, for the 
day will surely come when the “boss” will 
say: “I don’t need you any more, you 
are too old.” 

J. F. CarMan. 

Astoria, L. I. 





Exhaust Release Valves 


Is there a Corliss valve gear which re- 
leases the exhaust valves from the con- 
trol of the eccentric? If not, would there 
be any gain, instead of connecting the 
exhaust-valve rods directly to the crank, 
by connecting them to the dashpots by a 
bell crank and rod, similar to the way the 
admission valves are connected, with a 
fixed trip that will detach the hook after 
the valve has come to the end of its 
travel, and immediately upon the release 
of the exhaust valve, the dashpot would 
bring the valve back to its open position, 
thereby getting quicker release later in 
the stroke than is practicable without the 
release? 

Would the small gain in efficiency be 
offset by the increased first cost and main- 
tenance? I should think that in a large 
slow-speed Corliss engine these few extra 
complications would be offset by the in- 
creased efficiency. 

W. A. FULLGRAF. 

Ottumwa, Ia. 





What Knocked the Cylinder Head 
Out ? 


Under the heading “What Knocked the 
Cylinder Head Out?” W. A. Hamlin re- 
ports in the January 19 number, page 168, 
an accident to an Atlas automatic engine 
and gives as the probable cause the catch- 
ing of the “outer” piston ring in the head- 
end counterbore of the cylinder. 

I wish to take exception to this diag- 
nosis of the case, as the design of the pis- 
ton and cylinder make it untenable, as I 
will show. 

Mr. Hamlin says that the packing rings 
consisted of three sections, and according 
to that the piston must be 11 inches or 
less in diameter, as larger piston rings 
have four sections. These small pistons 
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of the Atlas make have only one packing 
ring, 34 inch wide, and Mr. Hamlin’s 
reference to the “outer rings” must there- 
fore be taken as the outside, that is, head- 
end lap or tongue of a ring section. 

The sections of the ring are arranged 
as shown in Figs. 1 and 2. There are no 
brass bushings, but radial holes are drilled 
into the piston head to receive the spiral 
springs and brass keepers. To hold the 
piston ring below the surface of the pis- 
ton head, while the piston is being entered 
into the cylinder, %-inch holes are drilled 
for retaining pins, going through the head- 
end flange, the center of the ring section, 
and ending in the crank-end flange of the 
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of the accident. A liberal dose of water 
is the nearest I can think of. 
H. WIEGAND. 
Indianapolis, Ind. 





Self Centering Pistons 





I recently had an experience with a 
salesman who was introducing what was 
claimed to be a self-centering piston, for 
which great claims were made regarding 
the economical use of steam; in some par- 
ticular cases as high as 10 per cent. was 
guaranteed. 

This piston appeared to be nothing 
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FIG. I 


piston head. These pins are removed 
when the piston is in place to allow the 
ring to bear against the cylinder bore. 
The ring is kept from turning by small 
pins, which are driven into the inside face 
of the ring sections and engage the 
keepers. 

Suppose the ring is placed so that the 
keepers are in the centers of the sections, 
as Mr. Hamlin states, then the length of 
the keepers, viz., 2 inches, and their being 
held in a radial position would prevent 
the sections from rocking. The distance 
between the inside edges of the two coun- 
terbores is 3% inch more than the stroke 
of the engine, and a %-inch ring can 
travel only 3/16 inch over the edge of the 
counterbore on each end, making it im- 
possible for the 34-inch tongues of the 
ring sections to catch, however the ring 
might have been placed. 

Mr. Hamlin says that the velocity of the 
flywheel pulled the wrist strap apart, 
carrying the crank and connecting rod 
around, the connecting rod striking the 
crosshead, knocking it through the crank- 
end cylinder head and piston through the 
head-end cylinder head. 

I think the steam sent the disconnected 
crosshead and piston much faster and with 
more force through the cylinder than the 
connecting rod could. The inertia gov- 
ernor certainly gave full steam as soon as 
the disconnected shaft slowed down, but 
the connecting rod, besides being too short 
without a strap, was much too slow to do 
it. There must have been another cause 
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wear and conditions become worse. 

A short time ago I had an experience 
with one of these so-called self-centering 
steam-expansion kind of pistons, in which 
the rings were let out by the steam pres- 
sure. While this method may work quite 
successfully when first installed, it very 
soon becomes otherwise. In this case the 
steam was admitted to the under side of 
the rings, thus forcing them to the under 
side of the cylinder. 

If the load is always kept the same and 
the cutoff at one particular point, it might 
work, but suppose that after six months 
or a year of running the load should be 
decreased; this would make an earlier 
cutoff, and as the cylinder had become 
worn larger on each end, owing to the 
action of the steam, the result would be a 
serious leakage. When the cutoff was at 
one particular point the rings were sub- 
jected to the full pressure of the steam 
until this point of cutoff was reached. 
After this point had been passed the rings 
were simply held to the walls of the 
cylinder by the expansion of the steam 
which was rapidly becoming left as the 
end of the stroke was neared. This ine- 
quality of pressure resulted in the wear 
of each end of the cylinder becoming 
larger, and as no provision had been made 
for centering the piston it necessarily was 
down on the bottom all the time. Of 


Plain 


~Circular Spring 
Ceutering 
Screws 


Power, N.Y. 


DETAILS OF SELF-CENTERING PISTON 


more or less than one of the old types 
with the packing rings somewhat revised, 
the idea being that the piston was centered 
and the rings held to the walls of the 
cylinder by means of a crimped spring ex- 
tending around the bull ring and under- 
neath the packing rings, as shown. 

While this method may hold the pack- 
ing rings out to the walls of the cylinder 
it appeared to be far from a self-centering 
piston, owing to the fact that the spring 
at the bottom was compelled to carry the 
entire weight of the piston. This weight 
undoubtedly compressed the _ spring, 
thereby allowing the piston to fall so that 
it was not exactly centered, and it also 
would allow the piston to lift up and 
down at each stroke; possibly not to any 
great extent at first, but pistons that are 
running in this condition very rapidly 


course this state of affairs also allowed 
the piston rod to ride on the bottom side 
of the packing in the stuffing box, thus 
destroying it, causing frequent packing. 

It also caused a poorly running cross- 
head,.as when the piston is out of center, 
and in some cases I have known it to be 
as much as 3/16 inch low. In such a case 
it is impossible to secure a good-running 
crosshead, owing to the fact that the rod 
is continually out of line, and any attempt 
at close adjustment must certainly result 
disastrously to the crosshead or the 
guides. 

A*good sectional packing with facilities 
for adjustment, combined with a gdod 
intelligent engineer, are to my mind the 
best combination obtainable. 

CuHar_tes H. TAyYtor. 

Bridgeport, Conn. 
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Will the Load on the Bolts 
Change? 





In the March 30 number, page 609, 
G. A. Glick submits a problem entitled: 
“Will the Load on the Bolts Change?” 
Mr. Glick’s Figs. 1 and 2 are reproduced 
here. Fig. 1 represents a steam cylinder 
and cover having no gasket between them, 
the joint being ground and made up 
metal to metal. Fig. 2 represents the same 
cylinder and cover, the joint being made 
up with a gasket between the two faces, 
as shown. 

The area of each cylinder is 120 square 
inches and each cylinder cover is fastened 
on by 12 stud bolts and nuts. Each nut 
is screwed down tight, until each of the 
12 studs is under an initial tension of 
1000 pounds. 

The question asked is this: If steam is 
admitted to the cylinder under a pres- 
sure of 100 pounds per square inch, will 
the tension in the stud bolts in either 
case increase, decrease or remain the 
same? And in each case what is the 
total tension in pounds on each stud due 
both to screwing up the nuts and to the 
internal fluid pressure in the cylinder? 

From the foregoing we get: Number 
of bolts times the tension in each bolt 
equals 

I2 X 1000 = 12,000 
pounds, which equals the total tension in 
the 12 bolts, or the pressure tending to 
close the joint. 

In Fig. 1 this 12,000 pounds represents 
the total compression on the metal at 
both faces of the joint, and in Fig. 2 the 
compression on the gasket between the 
two faces. 

The total internal fluid pressure in the 
cylinder tending to open the joint in each 
case will be the area of the cylinder times 
the pressure per square inch, which 
equals 

120 X I00 = 12,000 
pounds. 

Some engineers are of opinion that 
when the pressure is in the cylinder the 
bolts are stretched to an extent sufficient 
to relieve the compression in the gasket 
or packing, thus relieving the bolts of the 
initial tension caused by the elastic thrust 
of the gasket against the two faces of 
the joint when screwing down the: nuts. 

Where rubber or any elastic gasket or 
packing is used between the flanges to 
make a tight joint, the gasket is com- 
pressed or flattened to some extent and 
the bolts may or may not be elongated or 
stretched, depending on their rigidity and 
the tension in each bolt when tighten- 
ing up. 

Any farther extension or elongation of 
the bolts due to the internal fluid pres- 
sure may not affect the initial tension to 
any great extent, as the pressure within 
the cylinder may not be great enough to 
cause an extension or elongation in each 


-accuracy. 


POWER AND THE ENGINEER. 


bolt sufficient to relieve the compression 
in the gasket; or, in other words, if the 
extension of the bolts due to the internal 
fluid pressure is small compared with the 
compression of the gasket, the ultimate 
load on each bolt may approach the fol- 
lowing value, namely: The initial ten- 
sion due to screwing up plus the tension 
caused by the internal fluid pressure in 
the cylinder. 

In Fig. 2 a tension of 1000 pounds is 
produced in each bolt by screwing up. 
When steam at 100 pounds pressure per 
square inch is turned into the cylinder 
an additional load of 

120 X 100 

—— 

pounds is produced in each bolt (the area 

of the cylinder being 120 square inches 
and there being 12 bolts). 

The total or ultimate tension in each 
bolt is, then, somewhere in the neighbor- 
hood of 


= 1000 


2 X 1000 = 2000 
pounds, provided, of course, that each 
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bolt does not stretch sufficiently under 
the pressure in the cylinder to relieve part 
or all of the outward elastic thrust of the 
gasket, or, as it is called, the compression 
of the gasket. 

If, however, in the case cited the ex- 
tension of each bolt diminishes in part 
the compression in the gasket, the exact 
ultimate load per bolt cannot be deter- 
mined without first knowing the exact 
outward thrust in pounds exerted by the 
gasket at the time the pressure is in the 
cylinder. 

This, it seems, would be a very hard 
matter to determine with any degree of 
Then, again, it is reasonable 
to assume that most gaskets after having 
been subjected to high compression and 
heat for any length of time would attain 
a permanent set, thus necessitating the 
going over and tightening up of the nuts 
several times after renewing a gasket, in 
order to keep the joint tight against the 


internal pressure. This is absolutely 
necessary at times, until the gasket be- 
comes permanently set, and at first 


thought may give rise to the idea .that 
the pressure within the cylinder has 
caused a permanent set in the bolts or 
studs, when in reality the gasket is at 
fault. 

Where rigid flanges are bolted together 
metal-to-metal, using no gasket, as in 
Fig. 1, the conditions are somewhat dif- 
ferent. 
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In this case it is very probable that any 
slight extension of the bolts due to the 
pressure within the cylinder would re- 
lieve the initial tension due to screwing 
up, and the ultimate load per bolt would 
be either the tension due to screwing up, 
or the tension produced by the internal 
steam pressure, according as the former 
or the latter is greater. In Fig. 1 these 
forces are equal, therefore the ultimate 
load per bolt should be in the neighbor- 
hood of 1000 pounds, provided the in- 
ternal fluid pressure causes a slight ex- 
tension of the bolts relieving the initial 
tension. 

Any additional pressure in the cylinder 
ever and above 100 pounds per square 
inch would thus add to the tension in the 
bolts. 

Where the connecting flanges are de- 
flected by the bolts the case would be 
similar to Fig. 2, where a gasket is used 
between the faces of the parts to be con- 
nected, the deflection of the flanges act- 
ing in a manner similar to the compres- 
sion in the gasket, exerting an outward 
thrust against the bolts. 

In any case, to determine to just what 
extent the bolts are strained in each of 
the foregoing cases, the relative rigidity 
of the bolts and the parts they connect 
must be known, as well as the elasticity 
of the gasket or packing. 

Wiu.iaM F. FIscHer. 

New York City. 





Worn Dashpot Repair 





The dashpot on the low-pressure side 
of one of our engines was badly worn 
and would pound when the receiver pres- 
sure changed. I persuaded the chief to 
let me send it to a local machine shop, 
along with Mr. Ferguson’s sketch, which 
was published in a recent number. He 
gave me permission, provided I paid the 
bill if it did not work. In a week it 
came back, with what looked to be a good 
job. I connected it up and started the 
engine. The noise was bad before, but it 
was a hundred times worse with the new 
ring. When the valve was opening the 
plunger would grind and chatter and 
when unhooked the plunger would not 
drop until it was forced down by the clos- 
ing shoulder. 

I took out the ring and filed the sharp 
edge off the top. That helped some, by 
letting down a little oil, but it would not 
close the valve, no matter how the air 
valve was regulated, and as it pounded 
so that I was afraid I might have to pay 
for a new jim-crank lever, I took it out. 

The chief ordered a new plunger. It 
came and we fitted it, and everything went 
nicely. The laugh is on me, as I had to 
pay $2.80 more for the repair than the 
new plunger cost. I am a little poorer, 


. but a whole lot wiser. 


THOMAS SHEEHAN. 


Pittsfield, Mass. 
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Setting the Slide Valve 





Every engineer believes he knows how 
to set the simple slide valve, but few can 
tell at what point of the stroke the ex- 
haust opens or closes. I have found many 
slide-valve engines using more steam than 
they should, although in each case the 
valve was set by the stereotyped rule of: 
“Place the engine on one of its dead cen- 
ters with the eccentric rolled 90 degrees 
in advance of the crank and enough 
farther to get the required lead. Then roll 
the engine over to the other center and if 
the lead is the same the valve is properly 
set.” Easy, isn’t it? We are often told 
that it is not practical to advance the 
eccentric to obtain a cutoff earlier than 
% or % stroke, on account of the exces- 
sive compression. 

It is the writer’s experience that the 
only way to set the slide valve properly 
for highest economy is to remove the 
valve from the steam chest and, taking a 
small try square, place one leg of the 
square on the valve seat near the edge of 
each port, in turn, and draw a mark for- 
ward on the bottom side of the steam 
chest with a sharp scribe, so that the exact 
position of the ports can be seen after the 
valve is back in position. Before putting 
the valve back in position, however, take 
the try square and, beginning with the 
face of the valve, square around to the 
back, making marks so that the position 
of the edges of the hollow steam passage 
can be seen when the valve is in position. 

Next give the valve, say, % inch lead, 
with the engine on one center, and then 
turn to the other center, when if the lead 
is the same the eccentric rod and valve 
stem are of the proper length. After 
making a mark on the crosshead, roll the 
engine in the direction it is to run and by 
looking at the marks in the steam chest 
and on the back of the valve it is easy to 
tell the exact point of exhaust closing 
and opening. By marking the slide where 
the mark on the crosshead stands when 
the exhaust is just closed, and turning the 
engine over on the return stroke, and 
making another mark on the slide when 
the exhaust is just shut, one can tell by 
measurement if the compression is equal. 

The eccentric should be set with as 
much regard to the exhaust opening and 
closing as to the outside lead. The writer 
has greatly improved the economy of 
several slide-valve engines by cutting out 
some of the excessive inside lap. It is not 
a hard thing to do and can be done best 
in a milling machine or planer, although 
it can be done with a common chipping 
chisel. Care should be taken not to take 
out too much at a time if the engine is to 
be run condensing, as a condensing en- 
gine should have an earlier exhaust clos- 
wre than a noncondensing engine. 

C. E. Bascom. 

Readsboro, Vt. 
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Cost of Treating Boiler Feed 
Water 





I wish to make a tardy correction of an 
error of mine in connection with an article 
that appeared in the number of March 23 
on “Proper Treatment of Boiler Feed 
Water,” page 555, column 1. The cost 
of treatment for 70,000 gallons, instead 
of 1000 gallons, at the present market 
price of lime and soda ash is 66.5 cents. 
This would make the cost per 1000 gal- 
lons 0.95 cent, which is more reasonable. 
Our tanks are of 70,000 gallons capacity 
and I neglected to reduce the cost to the 
1000-gallon unit in spite of the fact that 
I was reminded that the cost of treat- 
ment was excessive. 

° A. J. BoaRDMAN. 

Indianapolis, Ind. 





Boiler Efficiency 





The letter of A. Bement, in the issue of 
March 16, shows that he uses the term 
“boiler efficiency” in a different sense than 
it has been used by all the authorities on 
steam boilers for the past forty years, 
and in a sense that is not in harmony with 
the meaning of the word “efficiency” as 
applied to other things than boilers. The 
general meaning of the word is a fraction 
denoting “output divided by input,” and 
generally it is not so much a function of 
a machine itself as of the conditions un- 
der which it is used. It is therefore not 
a constant quantity for any particular ma- 
chine, but a variable quantity. Thus in a 
centrifugal pump working under different 
heads, it ranges from zero, when the head 
is too great for the pump to overcome the 
static resistance, up to possibly 75 per 
cent., when the head is something less, 
and down to zero again when the head is 
zero, the variation of efficiency being 
represented by a curve. In an electric 
generator the efficiency also varies with 
the load. 

In a steam boiler the efficiency is zero 
when the rate of combustion of coal is 
sufficient to provide only for the loss by 
radiation; it rises to a maximum when 
the rate of driving is in the neighborhood 
of three pounds of water evaporated per 
square foot of heating surface per hour, 
and usually falls off rapidly when the 
rate is above four pounds. 

Mr. Bement says “the efficiency of a 
boiler as a heat abstractor cannot be 
altered without changing the shape of the 
apparatus.” If he will consult the records 
of the tests of 13 boilers at the Centen- 
nial exhibition in 1876, he will see that a 
change in the rate of driving changed the 
efficiency in every case. In Donkin and 
Kennedy’s book on boiler tests he will 
find vast differences in the efficiency of 
one shape of boiler, viz., the Lancashire. 
The efficiency of a boiler is not a constant 
depending on the design, but a variable 
depending on the quality of the coal, on 
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the method of firing, on the rate of driv- 
ing, on the air supply per pound of car- 
bon and on the loss by radiation. The 
Geological Survey is, therefore, perfectly 
right in its use of the term “efficiency.” 


W. Kent. 
Sandusky, Ohio. 





Bridgewalls in Theory and Practice 





In the March 9 number, W. H. Wake- 
man has an article about bridgewalls in 
theory and practice. In my opinion the 
bridgewall, no matter how constructed, 
cannot prevent smoke or hot gases from 
going up the stack. As to smoke forma- 
tion, much depends on how coal is fired, 
and how it is worked after it has started 
to coke. 

The way I fire my boilers produces the 
least work, very little smoke at any time 
and an even steam pressure, simply be- 
cause I never put on green coal with low 
steam. If the steam gets down I use the 
bar or a three-pronged hoe and break the 
fire up, which will soon bring up the 
steam. Then I lightly cover the fire with 
green coal. I never saw the hoe or slice 
bar on a green-coal fire. 

If a fireman or an engineer wants to 
make as little smoke as possible, he should 
not disturb a thick fire of green coal. 


WILLIAM Murray. 
Philadelphia, Penn. 





State Supervision of Boilers 





Thé editorial in the March 2 number 
on State supervision of boilers treats both 
sides of the question in a very impartial 
manner, but one in my place would have 
leaned just a little toward the manufac- 
turer’s contention. 

We got a new boiler, and it was needed 
the “worst way.” After it was set up and 
connected to the main, as per law, that is 
with a gate and a globe valve between the 
main steam pipe and the boiler, we were all 
ready to start it, when along came the 
State inspector and condemned one of the 
valves, because it was not of the outside- 
screw-and-yoke pattern. 

We have the same valve on all the other 
boilers. It is an automatic cut-in valve 
and has always given satisfaction. The 
company that made this valve did not 
make one with the outside screw and 
yoke, but it is making them now, and 
our new boiler had to lay cold until it 
got one made. 

Now the point is, was the original valve 
detrimental to the boiler’s safety? If so, 
why don’t the inspector make us change 
all the rest? 

Perhaps there is something against the 
inside-screw valve that I know nothing 
about, but any information on the subject 
will be gladly received. 

THOMAS SHEEHAN. 

Pittsfield, Mass. 
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Flame of a Candle and with Gasolene, and by Making Acetylene 





BY 


In the last lesson we laid out some 
work on the chemistry of carbon, and 
now we will get busy and put some life 
and meaning into the dead bones of the 
table, by the simple device of making a 
few tests that we can see and handle. 
You remember that the table began with 
the hydrogen compounds of carbon, on 
the left and “reduced” extreme, going 
from the various hydrocarbons through 
carbon itself; and so on to carbon one- 
oxide (“monoxide”) and, finally, to car- 
bon two-oxide (dioxide), carbonic-acid 
gas or carbonic anhydride, at the extreme 
right or “oxidized” end of the table. The 
typical hydrocarbon to study is methane 
or “marsh gas,” CH,, and it is a pity that 
there is no simple and handy method of 
making this thing in the pure form; but 
you can get so near it that the difference 
need cause little worry. 

The name “marsh gas” means just 
what it says. Now that you stop to think 
of it, you will recall that you have often 
seen much queer bubbling on the surface 
of ponds where last year’s vegetation is 
rotting at the bottom. If you should 
take the trouble to go to such a pond 
armed with a common fruit jar and a few 
matches, you could easily stir up some 
of this gas from the bottom of the pond 
with a stick; and, if you should collect 
some of the bubbles in your jar, by the 
simple trick of displacement in the jar 
full of water and mouth downward, using 
the pond as a large pneumatic trough, 
just as you collected the oxygen and 
hydrogen as shown in the earlier lessons, 
if you should do this, you would un- 
doubtedly get a gas which would burn 
with a faint and almost colorless flame, 
but with much heat. The gas so collected, 
and so burnt, is mostly methane or marsh 
gas, CH,; and, if you should happen to 
take along with you a small bottle of fil- 
tered limewater, you could pour some of 
it into the jar, after burning some of the 
marsh gas, and you would note the white 
precipitation of your old friend, plain car- 
bonate of calcium, which would tell you 
that the burnable gas from the pond is 
something that contains some carbon, just 
as the formula says, CH,; that is, the gas 
is not pure hydrogen, but also contains 
some carbon, because it gives, on burning, 
carbon two-oxide (dioxide), the oxidized 
extreme of carbon. Now, it is interesting 
to know that when you find a gas that 
burns with an almost colorless flame, it 
probably contains some hydrogen, just as 
marsh gas does, and, just as its formula 
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(CHy, ie, C-H-4) says that it does, four 
atoms of hydrogen. Incidentally, it is in- 
teresting to note that this marsh gas or 
methane contains in each molecule, or in 
a definite volume, say a pint, more hydro- 
gen than pure hydrogen, Hz (H-2), does 
itself. 

We have already noted that the carbon- 
hydrogen compounds, or the “hydrocar- 
bons,” are so many that their systematic 
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studying these hydro- 


of getting and 
carbons. 


GeTTIncG GAs FROM SHAVINGS 


Suppose that we start with some com- 
mon wood shavings. Prepare the appara- 
tus shown in Fig. 1. This consists of a 
common test tube fitted with a cork and 
a delivery tube leading over to the bottom 
of your pneumatic trough, with its jar, 
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FIG. I 
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study is almost beyond the grasp of the 
beginner; but we can get this one fine 
clue and guide to them, that is, that in 
their first acquaintance they are all very 
much alike in being able to burn. Fur- 
thermore, they all tend to burn to car- 
bon dioxide (two-oxide), and this last 
gas can always be tested by limewater, 
giving the plain white carbonate of lime. 
So we will turn at once to several ways 
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filled with water and inverted, to catch 
the gas that will come over. Fill the lower 
three-fourths of the test tube with soft- 
wood shavings, packed moderately tight. 
Heat the test tube over any handy source 
of heat, such as an alcohol lamp, or even 
over a common lamp—for in this rather 
dirty experiment, you will not worry if 
the outside of the bottom of the test tube 
should get sooty. You can hold the test 
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tube, while heating it, by simple wire or 
wood clamps, Fig. 2, or you can hold it 
by a strip of paper, as shown in Fig. 1. 
If you use the paper clamp or holder, you 
will naturally grip the test tube at the 
upper end, for you are going to heat the 
tube hot enough to get off some wood gas, 
and the bottom of the tube will naturally 
get quite hot. Some of this heat will 
come to the top of the test tube, of 
course, for it has to pass over, through 
the delivery tube, to the pneumatic 
trough. 

In this experiment, you do not have to 
throw away any gas at the start, as you 
did in making hydrogen, because in this 
case the amount of air in the whole test 
tube is so small in comparison with what 
is to be given off by heating the wood 
that you can collect every bit of what 
comes over. But be sure and remember, 
in this and in every similar experiment 
where you lead gas off from a hot tube, 
to take the delivery tube out of the water 
before you take the flame from the hot 
test tube, or before you take the hot test 
tube away from the flame, so that the 
water will not be sucked back to the hot 
tube by the natural cooling of the hot gas 
inside. Natural gumption will tell you 
how to work the experiment, always not- 
ing that time is an important factor, and 
that some things will work in Io or I5 
minutes that might not work in the same 
number of seconds. 

As you heat the tube of shavings, as 
shown in Fig. 1, about the first thing that 
you will note is the collection of water 
from the charring of the shavings. Some 
of this water will go over through the 
delivery tube and if it makes the common 
“water hammer” of condensing steam, you 
will not be frightened at that; it could 
not very well do anything else. You will 
also note the gradual charring of the 
wood, and pretty soon some gas will 
begin to collect in the inverted jar in the 
pneumatic trough. Now, all of this gas 
is not marsh gas, but enough of it is, and 
the rest of it is so closely related by birth 
to marsh gas, that you can think of all 
of it as being a mixture of several things 
much like marsh gas. You will also want 
to note the considerable quantity of water 
which collects at various parts of the ap- 
paratus, testing for it by a test that I will 
note later. You will also want to save 
the test tube of charred shavings, to ex- 
amine it later for the strong acid reac- 
tion that it will probably show. 

By this time you will have collected 
quite a jar of the gas from the heated 
shavings. If the wood is all charred be- 
fore the jar gets full, remove the delivery 
tube from the water, take another test 
tube of shavings, and go on as with the 
first until you do get a full jar of gas. 
This gas you will remove from the pneu- 
matic trough, with a card covering the 
jar and holding it mouth downward, just 
as you did in the case of the hydrogen. 
You will burn the gas, noting that it 
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burns in the air, but that the splinter itself 
is put out in the jar of gas. You will 
also note the test for limewater at the 
end of the.burning of the gas. The gas 
will probably not work the “osmose” test, 
with the small porous jar, as in the case 
of hydrogen, very well, because it is not 
all hydrogen, nor even all marsh gas, but 
contains some heavier gases, like ethane, 
and other things heavier than hydrogen, 
and perhaps heavier than the air. But 
collect enough of this wood gas to get at 
some of its main points. Of course, you 


— Luminous Tip and Mantle 
|\\\\ of Oxidizing Fiame 


— Non-luminuous 
is > i 7 a 
\\; Reducing Flame 

’ 


N 
vx !— Center Core of Unburnt 
YA Gas around Wick 




















Power, N.Y. 


FIGS. 3 AND 4 


could make some gas from coal, the softer 
bituminous, or cannel coal; and there 
you will have your trials, and your suc- 
cesses, too, so you cannot help learning 
something. In all these cases you will 
get some tar, some creosote, and perhaps 
some acid, as in the case of the wood 
(acetic acid, or “wood vinegar”). You 
may also get the odor, at least, of wood 
alcohol. 


THE Wownpers IN A CANDLE FLAME 
The next step is to study the candle, 
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and here I wish that every reader of 
Power could get that matchless sound, 
clear and sensible book of Faraday’s, 
“The Chemistry of a Candle,” and read it: 
Indeed, it would be worth your while to 
buy a copy for yourself and put it in your 
own private library of chemistry. That 
little book tells you how to study the can- 
dle flame; how to examine the different 
parts of a flame; how to dissect the flame; 
and how to test the different parts sepa- 
rately. But you can do these things even 
without the book. First, you want to look 
at the flame of a common candle. You 
want to draw the flame, noting its several 
parts, as shown in Fig. 3. 

You will soon see that a candle is a 
miniature gas factory; that the wick is 
the retort, where the candle stuff is dis- 
tilled into gas by the heat of the flame. 
You will note the elegant and simple way 
in which the wick melts a little pool of oil 
about the lower part of itself to furnish 
itself with a continuous supply. You 
will also note the neat way in which the 
candle wick is braided so that, as it burns 
away, the top curls over to one side, per- 
haps so well that it does not have to be 
“snuffed,” but burns off its own top. You 
will note that the top and sides of the wick 
are surrounded by'‘a small reservoir of 
unburnt gas, which passes upward and 
outward to the air to be burnt. 

You will also note the strong contrast 
between the colors of the different parts 
of the flame. At the bottom and sides of 
the flame you will see a bluish tint, where 
the gas, carbon monoxide (one-oxide), is 
burning, with the hydrogen. You will 
also note that the excess of carbon (and 
in such flames there is a great excess of 
carbon, compared with the available 
amount of oxygen at hand in the sur- 
rounding air) gets left in the first grab 
for the oxygen, and it has to wait until 
it gets to the top and outside parts of 
the flame before it can find its supply to 
go over to its destiny, carbon monoxide, 
and then carbon dioxide. 

You can show that there is this central 
part of cool and unburnt gas about the 
wick of the candle, by holding a piece of 
common white paper right down flat into 
the flame for a moment, when you will get 
a black ring of charred paper, where the 
hot outside ring of the flame attacked the 
paper. The untouched and still white 
center inside of ‘the black ring on the 
paper is proof that this cool central reser- 
voir of unburnt gas is there. But, more 
than this, you can take a short bit of fine 
glass tubing, as shown in Fig. 4, and 
actually pipe off some of it, burning it 
at the top of the glass tube by lighting it 
with a match or splinter. This gas in the 
core of the candle flame is worth some 
time and study, for it holds some secrets 
of flame that you want to know about. : 

If you get some of the old-fashioned 
candles, those that are made from tallow, 
the kind that smell dreadfully when put 
out, and which smolder for some minutes.’ 
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after the flame is extinguished, you can 
perform some “stunts” worth doing. For 
instance, you can not only pipe off this 
central gas from the core of the flame, 
and burn it, but you can also see the core 
of gas and burn it in the open. To do 
this, let the tallow candle get to burning 
well and blow it out, noting the stream of 
unburnt gas which persists in coming off 
long after the flame has gone out. Now, 
if you do this in a room where the air is 
still, so that this current of unburnt gas 
from the tallow candle is not thrown 
about but ascends in a quiet, even col- 
umn of gas, smoky gas that you can see, 
you can light this column of gas at the 
top with a burning splinter and the flame 
will run down the ascending column of 
gas to the wick, actually re-igniting the 
extinguished candle. If you have a real 
tough sample of the genuine old-fash- 
“toned candle, so that the ascending col- 
umn of unburnt gas is so thick that it 
can be almost cut with a knife, you can 
make the flame run down as far as several 
inches from the wick. I have seen the 
flame run down 4 or § inches, and once 
-or twice I have seen candles with such 
heavy tallow that in a quiet room the 
‘flame will run down to the wick as far 
‘as 10 or 12 inches. This statement looks 
like a fish story; but try it and give the 
tallow candle a chance to see what it can 
do. The books may try to decry the re- 
ality and genuineness of the experiment, 
and they may say that the column of 
ascending gas is not pure gas, that it 
contains much liquid and solid matter in 
“suspension” in the current of unburnt 
gas. All that may be; but at the same 
time, the “fat” column of unburnt gas 
from the tallow candle may represent 
very well some of the conditions found in 
actual experience, where flames seem to 
travel vast distances, i.e., relatively vast, 
along gases which are only waiting to be 
lighted to get in their work. 

But there is another side to the study 
of the candle flame which we must note: 
The inside of the flame is full of unburnt 
gas, waiting to seize hold of any oxygen 
that may be available; hence this part, the 
inside and the lower parts of the flame, 
is called the “reducing” flame, because it 
wants oxygen, and will have it if it is 
given half a chance. But, the upper and 
outside parts of the flame have taken on 
all the oxygen that they want, and still 
they have the greatest amount of heat, 
and hence these parts of the flame are 
called the “oxidizing” parts. I will re- 
turn to this subject later when we take 
up some of the points of simple blow- 
pipe analysis. But keep your memory 
eye fixed on the inside reducing part and 
the outside oxidizing part of the candle 
flame. You can catch some of the un- 
burnt carbon in the middle of the flame, 
or at the top, by holding a cold saucer 
in it for a few moments. 
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THE Power or GASOLENE 

There are several, indeed many, other 
sides to this study of combustible gases, 
and the subject of gasolene is one of 
them. If you have not studied this, you 
will be surprised to learn what a chance 
for dreadful mistake and accident lies in 
this simple question of the amount of air 
that it takes to burn gasolene. Now gaso- 
lene is only a mixture of several hydro- 
carbons, all close cousins to methane and 
ethane. But in the molecules of the vola- 
tile liquids that make up what is sold as 
gasolene there is so much carbon and so 
much hydrogen snugly packed away 
that it is no simple matter to select the 
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right amount of air wherewith to burn 
them and then to mix them well. 
Thus, you can pour out a teaspoonful 


, of gasolene in any safe place and light it. 


when it burns quietly, if lighted at once. 
But take a common empty tin can, hold- 
ing about a pint, and pour in the can 
some five to ten drops of gasolene. Try 
five drops at first, and gradually feel your 
way along. Put the cover back on the 
can, and let it stand for some few min- 
utes, so that the slight amount of gaso- 
lene can well evaporate and get well 
mixed with the air in the can. Now, you 
want to have a small hole in the side 
of the can for a “touch hole,” to which 
you will apply the flame when business is 
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ready to commence. You will be sur- 
prised to see how much force you will 
get in this simple explosion. Then, you 
will go over to the corner, light your pipe 
of reflection and do some good thinking. 

You will begin to have a great respect 
for those simple formulas that told you 
all about this sort of thing; only we did 
not realize what we were tampering with 
when we read that gasolene, for instance, 
is made up of C;His (C-seven-H-sixteen). 
Seven atoms of carbon and sixteen atoms 
of hydrogen tucked away in one mole- 
cular handful, no bigger, though much 
heavier, than H2 or O2 You will see that 
one has got to stop and digest some of 
these things. You ask: How does it 
happen that so much carbon and hydro- 
gen can be put in such a small space? 
How does it happen that such small 
molecular parcels of gasolene can take 
care of the oxygen in so much air? For 
you will find that a very few drops of 
gasolene will make all the air in the can 
frightfully explosive; and, still, the tea- 
spoonful of pure gasolene which is un- 
mixed with air will burn quietly. The 
point to note is, not why it all happens, but 
what it is that happens. That is what 
we all need to keep our eyes fixed on, the 
actual fact. When gases burn with each 
other, it is not only actual weights which 
unite with each other, but it is also defi- 
nite proportions by volume which control 
the reaction. 


MAKING ACETYLENE 


Among the many other possible illus- 
trations of hydrocarbons there is one 
which you really ought to study, both for 
the fact that it shows the nature of a 
class of hydrocarbons which are called 
“unsaturated” and also for the fact that 
it is made in the rather unusual method 
of treating a certain substance with water. 
I refer to the making of acetylene by 
treating what is called calcium carbide 
with water. As mentioned in the last les- 
son, this is used in making the brilliant 
gas for the powerful searchlights on auto- 
mobiles and the like. You can easily get 
some of this substance, but you will have 
to study a bit to devise and construct a 
simple form of apparatus in which to 
make the gas., You cannot use _ large 
quantities of water recklessly; nor can 
you let the whole process take place in 
the open air; for we want to collect the 
acetylene as fast as it comes off, and yet 
add the water in small and continuous 
quantities. 

A simple form of apparatus is shown 
in Fig. 5. This is merely a pickle bot- 
tle, with a funnel, and with the lower end 
of the funnel bent so that it is water- 
sealed from the outer air. The delivery 
tube is of the common make. You can 
get the water seal by putting a short piece 
of rubber tubing on the stem of the fun- 
nel in the bottle, long enough to make a 
complete bend (Fig. 5). Then you will 
put several pieces of the calcium carbide, 
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which is a grayish, earthy-like substance, 
in the bottle, closing the bottle with the 
cork and setting over the funnel a can 
of water so arranged that water will drip 
into the funnel in a set of drops, not a 
stream, for that would be too much. You 
can easily control the dropping by mak- 
ing a small hole in the lower side of the 
can and plugging it with a match, which 
can be drawn out or pushed in as de- 
sired. The gas is collected in the jar in 
the pneumatic trough in the usual way. 
But be sure and drive out the air from 
the bottle, first, as you did with hydro- 
gen. You will test the burning of this 
acetylene, C:H2, by burning, and the 
residual gas in the jar after burning with 
limewater. 

But the most interesting thing about 
this gas is that it is made from water act- 
ing on calcium carbide. This substance 
is one of the later additions to our sup- 
ply of interesting chemicals, and is usu- 
ally made in an electric furnace. Just 
why water should be such an active agent 
in making this gas, acetylene, is more than 
we can fully explain at this time, but an 


inkling can be imparted. This substance, 


water, is a kind of “bank of chemical ex- 
change.” Look at the formula of water. 
It is H2O. It contains both hydrogen and 
oxygen. Now if we pay into this “bank” 
hydrogen, we get back reducing action; 
but if we pay into this “bank” oxygen, 
we get back an oxidizing action. Farther, 
if we pay into this “bank” of water both 
hydrogen and oxygen, we can back both 
reducing and oxidizing actions. Note the 
following equation for the reaction of 
water on calcium carbide: 


H,O ] | Cac, ) CaO ) /[ C,H, 
Ll, Pa Calcium | J 
{ Calcium f Oxide rt | Ace- 
Water } | Carbide j} (| Lime j}_ (| tylene 


Really, the calcium carbide is a kind of 
chemical “salt,” and a kind which is de- 
composed by water. So, when the water 
acts on the “salt,” calcium carbide, we 
get the base anhydride, lime, CaO, and 
the weak “acid,” acetylene, C:H:. No 
one would ever guess that acetylene is an 
acid, unless he had the advantage of com- 
parison with many other reactions; for 
acetylene does not act on litmus as the 
common strong acids do when they turn 
litmus red. But you can begin to see by 
comparison that the more one goes from 
the reducing or hydrogen end of a series 
of compounds toward the oxygen end, the 
nearer he gets toward acid properties. 

And so as we go from the extreme 
reduced end of the carbon table, and long 
before real active acid properties are 
shown, as we go toward the oxygen end 
of the table, we begin to get some indica- 
tions of acid properties. We will con- 
sider this strange chemistry more in the 
next lesson; but this is only a sample of 
what the chemistry of carbon has to 
teach us. 

One thing that you must do, to clinch 
some of this, is to test the residue in the 
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acetylene-making bottle with litmus, and 
you will find that lime is there and can be 
used just as can the lime in the barrel 
that you were sitting on several weeks 
ago. You have got well started on the 
chemical study of lime, but we shall find 
that it bobs up continually. Make some 
limewater from this residual lime from 
the calcium carbide in the pickle bottle, 
and test it every way you can, for it is 
the same old friend, to pilot you a bit 
farther. 





The Ambiguous Term “Gallon” 





As the liquid measures of the United 
States unfortunately bear no direct re- 
lation to those of England, much con- 
fusion is occasioned by the careless use 
of the term “gallon.” Only recently in 
these columns confusion arose in regard 
to the amount of circulating water used 
in a certain plant by a failure to distin- 
guish between the imperial gallon used 
in Great Britain and the United States 
standard gallon. For this reason it may 
be of interest to define the two standard 
gallons and trace their origin and varia- 
tions from the early days of English his- 
tory. 

From as far back as the thirteenth 
century the gallon has been variable. 
Originally it was intended to be a measure 
of weight and not of bulk. To carry out 
this intention to its full extent would 
have required that every commodity 
measurable in bulk should have its own 
gallon, each holding the same weight, 
with the bulk varying inversely as the 
specific gravity. This would, of course, 
have caused endless confusion and early 
usage led to the adoption of two standard 
gallons related to each other in capacity 
in the inverse ratio of the specific gravity 
of wheat and wine, the latter standard 
being the wine of Gascony which at 
that time, 1225, was a British province. 
These two standards were supposed to 
represent the average of the two classes 
of exchangeable commodities, wet and 
dry, the ratio referred to being assumed 
as 143 to 175. 

In 1266 Henry III declared by statute 
that “an English silver penny called a 
sterling, round and without any clip- 
pings, shall weigh 32 wheat corns in the 
midst of the ear, and 20 pence do make 
an ounce, 12 ounces one pound, 8 pounds 
a gallon of wine, and 8 gallons of wine 
a London bushel.” In 1423 a statute of 
Henry VI gave the gallon a different 
value, which was based on the weight of 
water. A ton was the weight of 32 cubic 
feet of water and the eighth part of a 
cubic foot, or 216 cubic inches, was taken 
for a gallon of water. Hence the wine 
gallon, being enlarged to hold the same 
weight of wine, became 217.6 cubic inches, 
and the wheat gallon 266.17 cubic inches. 
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In the latter part of the fifteenth century 
(1496), Henry VII provided that a new 
standard gallon measure be constructed 
to hold 8 pounds of wheat of 12 Troy 
ounces each, and in 1689 the wine gallon 
was declared by law to contain 231 cubic 
inches. This is the present United States 
standard gallon for liquids. 

In 1700 the old trouble with the excise 
officers broke out and led to two legal 
acts. First, the statute of William III, 
1701, establishing the Winchester bushel 
and explicitly defining its capacity as 
2150.4252 cubic inches, and, second, a 
statute of the fifth Ann, 1706, which in 
like manner established the Winchester 
gallon, specifying it to contain 268.8 cubic 
inches. Elizabeth constructed the standard 
gallon of 282 cubic inches, or nearly 8 
pounds avoirdupois of wheat, which be- 
came the old ale gallon. The Irish gal- 
lon, which from 1450 to 1695 had con- 
tained eight pounds Troy of wine, was 
at the later date carried to 272% cubic 
inches, but in 1735 was again changed to 
217.1 cubic inches for all purposes. The 
Scotch gallon was no less than 840 cubic 
inches. 

Finally, in 1818, a royal commission was 
appointed to recommend standard meas- 
ures, and as a result a bill was introduced 
in parliament and passed June 17, 1824. 
This bill was put into operation January 
I, 1826, and fixed the capacity of the 
gallon by requiring that it should con- 
tain 10 pounds avoirdupois, or 70,000 
grains Troy, of distilled water at a tem- 
perature of 62 degrees Fahrenheit and 
with the barometer reading 30 inches of 
mercury, stating at the same time the 
capacity thus determined to be 277.274 
cubic inches. This is the value of the 
imperial gallon now in use in Great 
Britain, and is the only legal gallon in 
that country for both wet and dry meas- 
ure. 

In the United States no standard of 
measure was ever established, the gallon 
being inherited from Great Britain. In- 
stead of using the British temperature 
of comparison of 62 degrees Fahrenheit, 
a temperature of 39.83 degrees Fahren- 
heit (taken as temperature of maximum 
density) was proposed by F. R. Hassler, 
chief of the Coast Survey. The stated 
legal capacity of the gallon was to be 
231 cubic inchés and of the Winchester 
bushel 2150.42 cubic inches. On account 
of the change in temperature a farther 
adjustment of these measures was pro- 
posed, making the gallon contain 58,372.- 
1754 grains of distilled water at the den- 
sity obtained at 39.83 degrees Fahrenheit, 
and the Winchester bushel 543,391.89 
grains. This adjustment made the Win- 
chester bushel of the United States and 
Great Britain slightly different, but on 
June 14, 1836, Congress gave legal sanc- 
tion to these values and passed a joint 
resolution directing a complete set of all 
weights and measures adopted as stand- 
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ards to be delivered to the governor of 
each State. 

If this were all and there were only 
one standard gallon in the United States, 
as in Great Britain, it would be an easy 
matter to distinguish between the two, 
but in this country there are not only the 
wine gallon containing 231 cubic inches, 
but also the ale, beer or milk gallon con- 
taining 282 cubic inches, and the dry gal- 
lon, besides the proof gallon for internal- 
revenue taxation. The proof gallon is a 
wine gallon of spirits containing half its 
volume of nearly pure alcohol at 60 
degrees Fahrenheit and is the basis for 
computing the United States internal- 
revenue tax. For example, a gallon of 
spirits containing 40 per cent. alcohol 
would be 80 per cent. proof, and the num- 
ber of proof gallons is computed by 
multiplying the per cent. of proof by 
the number of wine gallons. 

New Hampshire and Minnesota definite- 
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molasses are all legal gallons of the prod- 
ucts named. These legal weights differ 
among themselves and do not accord with 
the true volume of one gallon of 231 
cubic inches. 

In dry measure the standards used 
have no direct relation to the liquid 
measures of this country or Great Britain. 
The fundamental unit is the Winchester 
bushel, a unit abandoned by England in 
1824, but still retained in general use 
tn this country. As previously stated, it 
contains 2150.42 cubic inches and is about 
69 cubic inches, or 3 per cent. smaller 
than the imperial bushel of Great Britain. 
The United States dry gallon contains 
268.8025 cubic inches, or 1.16365 liquid 
gallons. Here again conflicting State 
laws render an adequate statement of 
the standard of the bushel difficult. Al- 
though the standard Winchester bushel 
contains 2150.42 cubic inches, Nebraska 
has established 2150 cubic inches as the 
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Recent Ice Jam at Niagara Caused 
Serious Damage 


By JAMES J. JENKINS 


The power interests at Niagara Falls 
have had the most astonishing experience 
in their history, all caused by the greatest 
ice jam that locality has seen in more 
than 50 years. On Wednesday, April 7, 
the Lake Erie and Niagara regions were 
swept by a fierce gale. The effect was a 
general breaking up of the lake ice field, 
which was driven into the entrance of the 
Niagara river channel at the foot of the 
lake. The discharge of ice from the lake 
to ¢he river was tremendous, and from 
shore to shore, in both of its great chan- 
nels, the river carried the ice night and 
day until the Niagara river, from Lake 
Ontario to the falls of Niagara, full 14 
miles, was coated with the frozen mass, 











FIG. I. 


PANY’S POWER HOUSE 


ly retain the aie, beer or milk gallon of 
282 cubic inches; Wisconsin and Connecti- 
cut the dry gallon of 282 cubic inches as 
the legal standard, and Maine definitely 
mentions the milk gallon as among its 
list of State standards. The milk gal- 
lon is 51 cubic inches larger than the 
standard gallon used more generally 
throughout the country. There are thus 
three standard gallons: the dry gallon de- 
rived from the Winchester bushel; the 
liquid gallon derived from the wine gal- 
lon, and the liquid gallon derived from 
the beer or milk gallon. 

In addition to the capacity measure- 
ment by volume the legal weight of a gal- 
lon of certain commodities has been fixed 
by statute in some States and in several 
cases by Congress for certain purposes. 
Thus in Nebraska 12 pounds of strained 
honey is a legal gallon. In Kansas 6% 
pounds of kerosene and 8 pounds of 
castor oil, in Ohio 7%4 pounds of kerosene 
and in Indiana 11 pounds of sorghum 


IN FRONT OF THE NIAGARA FALLS POWER COMPANY'S TUN- 
NEL PORTAL AND THE HYDRAULIC .COM- 


volume of a legal bushel for that State, 
and other States have made _ similar 
changes. Also several States have adopted 
the old ale or milk gallon as the capacity 
of the dry gallon, this being about 5 per 
cent. larger than the corresponding unit 
derived from the Winchester bushel, and 
special bushels have been established in 
the various States for different products. 

In brief, this is the history of the gal- 
lon with its various legal values, but as 
far as engineering data are concerned, it 
will be safe to distinguish only between 
the United States gallon containing 231 
cubic inches and representing the volume 
of 8.33 pounds avoirdupois of pure water 
at a temperature of 39.83 degrees Fahren- 
heit and the British imperial gallon con- 
taining 277.274 cubic inches and repre- 
senting the volume of 10 pounds avoirdu- 
pois of distilled water at 62 degrees 
Fahrenheit weighed in air of the same 
temperature with the barometer reading 
30. inches of mercury. 


FIG. 2. THE TRACKS OF THE GORGE ROAD ARE BURIED 
UNDER THE ICE ALL ALONG THE SHORE 


TO THE RIGHT 


which had gathered to a thickness of from 
25 to 50 feet or more. 

The spectacle thus created was aston- 
ishing, but the effect was more so, for the 
river rose to an unusual hight, break- 
ing beyond all previous high-water marks, 
while the ice was carried to the greatest 
hight and was sent crushing, with the 
full force of the current, against every- 
thing within 40 feet of the normal level 
of the river. Up to the coming of this 
ice jam and high water, all available data 
indicated that the lower river had never 
risen higher than 28 feet, which in itself 
is a remarkable hight considering the 
rapidity and freedom with which the 
lower Niagara discharges into Lake 
Ontario. 

Situated very close by the 


foot of the 
Horseshoe fall, at the water’s edge on the 
Canadian side, is the power house of the 
Ontario Power Company, in which the 
development is made on horizontal shafts. 
When the site for this power house was 
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selected, all available data then at hand 
were closely studied, and the conclusion 
of the engineers was that it would be safe 
to build the power house where now 
located. The conditions that developed 
during the April jam have demonstrated 
an error of judgment, considering the 
fact that the Niagara river and its possi- 
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and, afterward, the manufacturers and 
private users. 

“No permanent damage is done to the 
power house or its machinery. As soon 
as the water is pumped out of the power 
house, it will be necessary only to clean 
and ‘dry the machinery before resuming 
full operation. The money loss is ex- 

















FIG. 3. 


bilities are unknown factors. For although 
this great power house is situated a num- 
ber of feet above the normal level of the 
river, and beyond the previous high-water 
mark, the ice and water burst into the 
station through windows and door, mak- 
ing it necessary to shut down the plant 
to dry out the machines. The full extent 
of the damage had not been announced 
at this writing, other than in the follow- 
ing statement issued by the company: 
“During the night the unprecedented 
accumulation of ice below the falls, ex- 
tending for. nearly nine miles to Lewis- 
ton and beyond, caused the water to rise 
about 40 feet above normal. The maxi- 
mum record for high water in the past, 
covering a period of 70 years, is about 28 
feet above normal. The power house is 
designed with its windows about 7 feet 
above the highest previous known hight 
of water. Last night, however, the water 
exceeded this previous record by about 12 
feet, and the water and ice poured through 
the windows and south door of the power 
house, at once causing a stoppage of the 
machinery. Temporary connection is be- 
ing made, through the courtesy of the 
Electrical Development Company, with 
that company’s works, and the steam-re- 
serve plants at Rochester, Syracuse, West 
Seneca and elsewhere are being used to 
supply a portion of the load in the State 
of New York. The intention is to sup- 
ply the public-service corporations first, 
such as railroads and lighting companies, 


ONTARIO POWER COMPANY'S POWER HOUSE 


ALMOST BURIED UNDER THE ICE 


817 


advanced in front of this power house is 
well portrayed in one of the accompany- 
ing illustrations, in which the broken 
edge of the ice jam will give a pretty fair 
idea of the thickness of the mass of ice 
in the river in front of the station. It 
should be borne in mind, too, that there 
is more ice below the water line than 
above it. From this point infront of the 
Ontario Power Company’s station the ice 


qiield extended in an unbroken mass to the 


whirlpool rapids. Usually, the giant 
stream that bursts from the portal of the 
tunnel of the Niagara Falls Power Com- 
pany, close by the New York abutment of 
the upper steel-arch bridge, has strength 
enough to open a wide channel in any ice 
field that may gather there; but it was 
different with this April jam, for the tun- 
nel torrent had little or no effect on the 
gathered ice, simply losing its identity un- 
der the broad white surface that stretched 
for miles down the gorge. 

Out in front of the power houses of the 
Niagara Falls Hydraulic Power and 
Manufacturing Company the mighty jam 
was unbroken and rough. The night the 
Ontario Power Company’s station was 
flooded, the water entered the basement of 
one of the power houses of the Niagara 
Falls Hydraulic Power and Manufactur- 
ing Company to a depth of 2 feet, but this 
point was about 8 feet below the turbine 
installation. Taking into consideration 
the known drop of the river between the 

















FIG. 4. HOW THE ONTARIO POWER COMPAN Y’S POWER HOUSE LOOKS IN SUMMER 


tremely small, but the inconvenience to 
customers is, of course, serious. 

“A recurrence of the accident is impos- 
sible, as the windows will be built up solid 
to a hight above any possible rise of water 
in the future, and the south door, which 
is not necessary to the operation of the 
works, will be closed with masonry.” 

The marvelous hight to which the ice 


base of the Horseshoe and the site of this 
station, it would appear that there must 
have been a backing-up of the water to 
effect the damage to the Canadian sta- 
tion. Between the two points there was 
a great mass of ice, and it is not strange 
if all the water and ice that plunged over 
the Horseshoe fall was unable to pass 
down the gorge without backing up. 
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So great was the jam that the whirl- 
pool was bridged from shore to shore, 
while the river from the outlet to Lake 
Ontario was a whitened pathway. So 
high was the water that the ice was lifted 
over the tracks of the Niagara Gorge 
Railway, the roadbed of which was buried 
for miles under from 10 to 20 feet of icy 
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Power Company for transmission to 
Rochester, Syracuse and other places in 
the interior of New York State. This 
transmission system was interrupted, not 
only by the damage at the power. house, 
but also by the damage to the towers, the 
center one of three towers being tipped 
over to the north onto one of the others. 





FIG. 5. 


cakes, and the poles and wires were torn 
down. Until the ice is off the roadbed, 
it will be impossible accurately to judge 
the extent of the damage. However, it 
is generally felt that it will be very heavy, 
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quite sufficient to delay the early spring 
operation of the scenic line. 

On the Canadian side of the river, be- 
low the Devil’s hole, great damage was 
done to the steel towers of the aluminum 
power-transmission line over which the 
Ontario Power Company supplies current 
to the Niagara, Lockport & Ontario 


SHOWING THE ICE JAM IN THE LOWER NIAGARA 


All about their bases there was ice, not- 
withstanding that they had been placed 
so high that it was felt they were above 
the danger line. Boathouses, fish traps, 
docks, private pumping stations and other 
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the floor of the Lewiston suspension 
bridge while standing on the ice. The be- 
lief prevailed that the ice was resting on 
the river bed between Lewiston and the 
mouth .of the river, causing the water to 
back up. 

Previous to April 20 estimates placed 
the damage at more that a million dollars. 
Now it is believed that it will be weeks 
before accurate figures are obtainable by 
any of the main interests affected. Gen- 
erally speaking, it may be accepted as 
fact that it was the unexpected that 
happened, and all engineers who have to 
do with great works know what this 
means. The flooding of the station of the 
Ontario Power Company may cause a 
notable change in extensions of that plant, 
while the ice-jam effects will go down in 
history as making new records for the 
mysterious-acting, uncontrollable Niagara 
when it is under the terrific influence of a 
wind storm, particularly in winter, when 
any hour a million tons of ice may be 
swept into the gorge from the higher level 
above the falls. The use of dynamite and the 
warm weather broke the jam on April 25. 





Large Engine for Tennessee Coal, 
Iron and Railroad Company 


The accompanying photograph shows 
the high-pressure side of a 42 and 78 
by 54-inch cross-compound, condensing 
Cooper-Corliss engine on the erecting 
floor of the C. & G. Cooper Company, 
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FOR THE TENNESSEE COAL, IRON AND RAILROAD COMPANY 


structures near the water’s edge were 
swept away for miles, and at Lewiston 
two fair-sized hotels, normally far re- 
moved from the river, were guarded for 
fear they would be crushed by the ice, 
which there reached an elevation of about 
50 feet and touched the rear verandas. 

On April 20 it was possible to touch 


Mount Vernon, O. It was built for the 
Tennessee Coal, Iron and Railroad Com- 
pany’s plant at Ensley, Ala., and fifteen 
heavy steel cars were required for its 
transportation. The shipment was made 
forty days before the expiration of the 
four months stipulated. 

This engine is practically a duplicate of 
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the unit placed in operation at the Car- 
negie Steel Company’s Duquesne works a 
year ago. It will drive a 2500-kilowatt 
Crocker-Wheeler alternator and is de- 
signed to carry heavy overloads. Along- 
side it is shown, for purpose of compari- 
son, a 50-horsepower simple engine built 
for the Franklin Foundation, of Boston, 
Mass. A similar engine to that shipped 
to Alabama is being built for the Pack- 
ard Motor Car Company, Detroit, Mich., 
to drive a 2500-kilowatt Western Electric 
Company, direct-current generator. 





Rate of Timber Consumption 





It has been estimated that the amount 
of wood annually consumed in the United 
States at present is 23,000,000,000 cubic 
feet, while the growth of the forest is 
only 7,000,000,000 feet. In other words, 
Americans all over the country are using 
more than three times as much wood as 
the forests are producing. The figures are 
based upon a large number of State and 
‘local reports collected by the Government, 
and upon actual measurements. 

The State forester of Connecticut, in a 
recent report, has given figures on growth 
and use for New Haven county, which 
give many more valuable details than are 
generally to be obtained, and well illus- 
trate how the forest is being reduced by 
over-cutting. In this county a very care- 
ful study was made on each township of 
the amount of forest, the rate of growth, 
and the amount of timber used. For 1907 
the timber used was 120,000 cords, in the 
form of cordwood, lumber, ties, poles and 
piles. The annual growth on all types of 
forest land, including the trees standing 
on abandoned fields, for the year, reached 
a total of 70,000 cords. Thus the amount 
cut yearly exceeds the growth by 50,000 
cords. 

The amount of standing timber consid- 
ered as merchantable and available for 
cutting within the next few years was 
found to be 1,200,000 cords. Each year 
the annual growth increases the supply 
on hand by 70,000 cords, while the use 
decreases it by 120,000. The net reduction 
is therefore 50,000 cords a year. If the 
cut and the growth remain at the present 
figures, the supply of merchantable tim- 
ber will be exhausted in about twenty 
years. At the end of that time there will 
be a large amount of forest standing in 
the county, but it will be in tracts under 
forty years of age, containing wood below 
the most profitable size for cutting. Cord- 
wood could still be cut, but supplies of 
the most profitable products, like ties and 
lumber, would be practically exhausted. 

Connecticut’s case illustrates what is 
meant when the exhaustion of the timber 
supply is spoken of. It does not mean 
that every tree will be cut and that the 
ground will be bare. It means, on the 
other hand, that year by year the people 
of the country are cutting more timber 
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than the forest grows, and that within a 
comparatively short time the continued 
loss will have so reduced the forest that 
it will be difficult and expensive to ob- 
tain timber of useful sufficient 
quantity. 


size in 





Testing Coal at an Electric Rail- 
way Power House 


There is a growing inclination on the 
part of electric-railway companies to de- 
termine accurately the value of fuel used 
in power stations. G. H. Kelsay, super- 
intendent of power of the Indiana Union 
Traction Company, is making frequent 
tests of fuel used at the company’s Ander- 
son power station, to determine the 
evaporation of water with various kinds 
of fuel. Adjoining one of the boilers in 
the station he has erected apparatus to 
weigh the coal and take the temperature 
of the water as fed to the boiler, the tem- 
perature of the steam and the quality of 
steam as delivered by the boiler during 
a 12-hour run. In making the test the 
supply water to the boiler from every 
connection is shut off, except the water 
as fed through an independent pump at 
the base of the testing outfit. The water 
for feeding the boiler is obtained from 
the feed-line header, and from this feed- 
line header is passed to a carefully cali- 
brated tank with tapered top and reduced 
neck, so as to hold a definite and exact 
quantity of water when full. The tank 
has been carefully calibrated for various 
temperatures of water, and a thermometer 
is inserted in the tank at midway to get 
the temperature, and from curves plotted 
from temperatures and weights, the 
weight of each individual tank of water is 
determined. Water is then discharged to 
a lower tank and pumped into the boiler. 
Coal is discharged from the bunkers over 
the boiler into a portable hopper mounted 
on a set of calibrated scales. From each 
hopper of coal a small sample is taken 
and at the end of the day’s run these sam- 
ples are carefully mixed and quartered 
so as to obtain a sample sufficient to fill 
a quart fruit jar, giving the nearest pos- 
sible average coal used during the day’s 
test. From this sample of coal B.t.u. de- 
terminations are made by means of a Parr 
calorimeter. During the test of 12 hours 
the men conducting the test endeavor to 
keep the fires in a uniform condition, so 
that the results of all coal tests will repre- 
sent the merits of coal for such service. 
—Electric Traction Weekly. 





The joint annual convention of the 
Southern Supply and Machinery Dealers’ 
Association and the American Supply and 
Machinery Manufacturers’ Association 
will be held at Chattanooga, Tenn., May 
5, 6 and 7. 
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Canadian General Electric 
Company 


The annual meeting of shareholders of 
the Canadian General Electric Company, 
Ltd., was held at Toronto on March 29. 
The report of the directors for 1908 was 
of a highly satisfactory character, show- 
ing profits to the amount of $753,088, leav- 
ing $510,367 after providing for deprecia- 
tion and interest on borrowed capital. Of 
this, $439,042 was paid in dividends and 
$73,906 carried to the credit of profit and 
loss account bringing it up to $145,231. 
The reserve fund stands at $1,669,531, 
making a total surplus of $1,814,763. The 
report states ‘that notwithstanding the con- 
tinued industrial depression, the company 
had been fortunate in securing several im- 
portant contracts, which with current busi- 
ness would keep them fairly busy during 
the current year. As an indication of the 
improvement of conditions it was noted 
that during the past three months, more 
orders had been secured than during the 
previous six months, leading the directors 
to look forward to the future with more 
confidence than at any time during the 
preceding year. 





The Gas Engine in Blast-Furnace 


Practice 





On Tuesday evening, April 20, George 
A. Orrok, secretary of the Gas Power 
Section of the American Society of Me- 
chanical Engineers, delivered an_ illus- 
trated lecture before the members and 
guests of the Modern Science Club, of 
Brooklyn, on “The Gas Engine in Blast 
Furnace Practice.’ There were 70 lan- 
tern slides showing several types of gas 
engine in section, both vertical and hori- 
zontal, in all stages of assembly in the 
shop and power plant. The lecture was 
of a popular rather than scientific nature. 

As applied to blast-furnace practice, 
several views were shown of the two- 
stroke-cycle gas engines used at the 
Lackawanna Steel Company’s works at 
Buffalo, and the four-stroke-cycle engines 
at Gary, Ind. 

Discussion lasting for nearly an hour 
after the close of the lecture testified its 
interesting character. 





In 1887 an engine built to the design of 
E. D. Leavitt by the Dickson Manufac- 
turing Company, of Scranton, Penn., was 
put into the Washington Mill at Lawrence, 
Mass. George H. Diman, who has been 
in charge of the engine ever since, tells 
us that it is still running without a liner 
in the cranks and boxes, and on the same 
babbitt that was put in was 
erected. 


when it 
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Philanthropists in Disguise 





One of the most amusing collections of 
statements intended as serious which we 
have ever read is contained in an address 
recently delivered at Adelphi College, 
Brooklyn, by Glenn Marston, who is old 
enough and intelligent enough to know 
better. Two extracts will suffice to indi- 
cate the general tenor of the address. 
Speaking of public-utility corporations, 
Mr. Marston said: “The good they do 
reaches far beyond the donations to 
charity and other worthy movements 
which constitute the outward and visible 
sign of public beneficence.” Also: “The 
public-service corporation has solved the 
problem of combining business and philan- 
thropy.” 

We were not aware that any such prob- 
lem as the combination of business and 
philanthropy existed, but conceding that 
there is such a recognized problem, the 
claim that it has been solved by any of 
the lighting and power companies strikes 
us as distinctly humorous. In order to be 
philanthropic a person or organization 
must do good intentionally and unselfishly. 
If there is a single central-station mana- 
ger in the country who is operating his 
plant on that basis we should like very 
much to learn his name and address. 
Most of the central-station men we know 
are honorable and fair-minded in their 
business dealings as well as in private 
life, but we do not know any who would 
be foolish enough to pose as philanthro- 
pists merely because they light unsavory 
localities—for due consideration—and fur- 
nish power—also for a consideration—to 
run sewing machines formerly “treadled” 
by overworked men and women. 





A Fuel Extravagance no Longer 
Necessary 





In Great Britain there are probably a 
dozen or more centers of blast-furnace 
activity, and no large center of population 
is very far from some one of them. 
Consequently, it would seem to be merely 
a matter of ordinary engineering to util- 
ize all of the surplus blast-furnace gas for 
driving electric generators and to trans- 
mit the energy from these to profitable 
markets. Yet the furnaces continue to 
waste their surplus gases while coal- 
burning power stations, operating within 
short distances from them, deliver elec- 
trical energy to transmission lines. 

The chief reason for this extravagant 
procedure appears to be a lack of confi- 
dence in the reliability of the gas engine, 
notwithstanding the numerous examples 
of continuous and satisfactory operation 
in Germany. Probably the real secret is 
the proverbial conservatism of the British. 

A somewhat similar, though not strictly 
analogous, condition has existed in this 
country until very recently, and it has not 
entirely disappeared yet and probably will 
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not until the Gary plant has fully justified 
the confidence of its projectors. On this 
side of the Atlantic, however, the whole 
gas-power industry received a_ serious 
check by the failure of the few bituminous 
producers based on foreign designs which 
were built here before the difference be- 
tween American and European coals was 
understood, and of a relatively small num- 
ber of engines built chiefly from imported 
or pirated designs. 

Now that the Steel Corporation has 
gone ahead so boldly in the utilization of 
furnace gases and a few courageous 
pioneer manufacturers are beginning to 
reap the reward of their persistent 
attempts to produce clean gas continuously 
from bitumionus coal, it is to be expected 
that great strides will be made im the 
application of gas power in this country. 
Never mind the facts that the Steel Cor- 
poration exacted heroic guarantees and 
that many of the persistent attempts 
alluded to were foolishly unscientific; it 
is sufficient that we are really about to 
“get there.” 





A Trust in Water Power 





For some time rumors more or less 
indefinite and not at all specific in their 
charges have hinted of the existence of 
a water-power trust. These reports have 
gained credence from their very persist- 
ence and are apparently justified by some 
positive assertions by Judson C. Welliver 
in the May number of. McClure’s Maga- 
zine. A trust of modest means is not 
predicted, but rather a combination of 
interests of unlimited resources already 
actively engaged in the pursuance of sys- 
tematic plans to secure control of all 
available water power in this country and 
Canada. A_ successful culmination of 
these plans would mean a corporation 
with more wealth than that represented by 
all the railroads of the nation, with 
Standard Oil, United States Steel and a 
dozen or so of the minor trusts thrown 
in for good measure. Be this as it may, 
it is of interest to note that some of the 
companies mentioned are of particular 
prominence in the power field, but whether 
they actually form a part of the trust com- 
bination or are merely endeavoring to 
secure a legitimate market for their 
product is a question which would re- 
quire careful investigation to determine. 

Manufactures and transportation, it is 
reported, use about 31,500,000 horsepower, 
of which 26,000,000 is supplied by steam 
and the rest water power. Carefully com- 
piled data of the Hydrographic Bureau of 
the Geological Survey show that a mini- 
mum development, based on the natural 
condition of streams without the con- 
struction of reservoirs, would produce 
37,000,000 horsepower. This is the low- 


flow figure, and the same streams will 
develop a minimum of 56,000,000 horse- 
power for the six high-water months of 
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the year, so that for half the year a total 
of 37,000,000 to 56,000,000 horsepower 
would be developed, and for the re- 
mainder of the year over 56,000,000 horse- 
power. Without storage and at minimum 
flow it is thus possible to develop con- 
siderably more power than is utilized at 
present, and it is estimated that if reser- 
voirs were erected of capacity large 
enough to equalize the annual flow, a 
total of 230,000,000 horsepower could be 
produced, or over seven times as much 
power as the whole country is now using. 

With the available supply of natural 
fuels rapidly disappearing, conservation, 
and before long necessity, will demand 
recourse to the waterfalls of the country 
for a much larger proportion of the total 
industrial power than they now contribute. 
Long before this condition actually de- 
veloped, a trust controlling practically all 
of the power produced by water would 
be in an enviable position and to a great 
extent would undoubtedly be able to dic- 
tate the price of power. New fuels may 
perhaps come into use which would obvi- 
ate such a disaSter, but it would surely be 
wise to guard our water resources. 





More’ Boiler Inspection Legislation 


Needed 





- Both in the editorial and correspond- 
ence columns of Power AND THE ENGI- 
NEER the necessity for the enactment of 
suitable boiler-inspection laws has been 
urged until it has at times seemed as 
though the readers would become sur- 
feited with matter on this subject. But 
as scarcely a.day of the year is marked 
off the calendar without the transpiring 
of news of a boiler failure that in all 
probability would have been prevented by 
intelligent inspection, it becomes nearly 
if not quite impossible for the man in 
close touch with steam-boiler operation to 
keep silent. 

Last summer a boiler belonging to the 
town of Dartmouth, Mass., was examined 
by one of the State inspectors and the 
pressure allowed reduced to a point which 
rendered it useless to the municipality as a 
source of power. It was sold for junk 
for fifty dollars to a man who represented 
to the New Bedford Ice Company that the 
boiler was safe for a much higher pres- 
sure than was allowed by the inspector. 
Possession was transferred to the ice 
company and the boiler was sent to a 
place in New Hampshire and erected for 
the purpose of furnishing steam to oper- 
ate ice-harvesting machinery. 

What might reasonably have been ex- 
pected happened. The boiler exploded, 
fatally injuring the man who purchased 
it from the town of Dartmouth and in- 
stalled it for the New Bedford Ice Com- 
pany. One of the State inspectors from 
Massachusetts visited the scene of the 
disaster and succeeded in obtaining pos- 
Session of the spring-loaded safety valve 
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which had been attached to 
This valve, when tested at the Massa- 
chusetts Institute of Technology, was 
found to blow at one hundred and thirty- 
one pounds pressure. As the valve had 
been set by the State inspector to blow 
at eighty pounds a few weeks before, it 
would appear that the erecting engineer 
had attempted to set the release at one 
hundred and thirty pounds, or fifty pounds 
above the limit allowed by the State in- 
spector. 

Now, while no State-inspection law can 
be perfect in conception or operation, the 
existence of a law in New Hampshire 
similar to the one operating in Massa- 
chusetts would have prevented the im- 
portation into the State of a piece of ap- 
paratus known to be dangerous as a 
menace to the life and property of its 
citizens. That there should be an organ- 
ized movement on the part of all citizens 
looking to the enactment of suitable 
boiler-inspection laws in all States, or 
toward national legislation in this direc- 
tion, is so plain that to mention it is a 
platitude. 

“What is everybody’s business is no- 
body’s business” is palpably true in re- 
gard to boiler-inspection legislation, and 
recognizing this apathy on the part of the 
public, due, of course, to ignorance of the 
possible and probable danger arising from 
the operation of wuninspected boilers, 
the engineer should make every effort in 
his power toward exciting public interest 
in a matter that is of vital interest to the 
public. 


the boiler. 





Coal Specifications 

John. Hall Rider, in a paper upon the 
“Electrical System of the London County 
Council Tramways,” presented to the 
Institution of Electrical Engineers at a 
recent meeting, gives briefly the conditions 
under which the coal is purchased. The 
specified standards are: 

Calorific value, 12,500 B.t.u. per pound. 
Small coal allowance, 20 per cent. by vol- 
ume (measured by the quantity which will 
pass through a wire sieve of %-inch 
square mesh). 

Moisture, 10 per cent. by weight. 

The calorific value and moisture are 
measured by the council's chemist on 
samples taken from every 100 tons brought 
over the pier front. The calorific value 


is determined by a Mahler bomb calorim- 


eter on a sample previously dried at 100 
degrees Centigrade, and the amount of 
moisture is determined on a_ weighed 
portion of the sample as taken from an 
air-tight sample tin. The proportion of 
small coal is ascertained on the pier and 
a sample of about 50 pounds in weight 
taken at the option of the council, either 


‘from the hold or from the quantity un- 


loaded by the grabs. 

If the quality of the coal in any cargo 
as ascertained hy the samples tested is 
found different as regards calorific value, 
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moisture or small coal from the fore- 
going standards, the price paid to the 
contractor is varied as follows: 

(a) If the calorific value exceeds 12,500 
B.t.u. per pound, the price per ton is in- 
creased in the same percentage ratio as 
the increase in the calorific value. 

(b) If the calorific value is less than 
12,500 B.t.u. per pound, the price per ton 
is decreased in the same percentage ratio 
as the decrease in the calorific value. 

(The council, however, has the right to 
reject the whole cargo if the calorific 
value is less than 10,500 B.t.u. per pound.) 

(c) If the moisture is less than 10 per 
cent. by weight, the weight of coal to be 
paid for is increased beyond the quantity 
actually weighed out by a percentage equal 
to the percentage decrease of moisture. 

(d) If the moisture exceeds 10 per 
cent. by weight, the weight of coal to be 
paid for is decreased below the quantity 
actually weighed out by a percentage equal 
to the percentage decrease of moisture. 

(The council, however, has the right to 
reject the whole cargo if the moisture ex- 
ceeds 13 per cent. by weight.) 

(e) If the proportion of small coal is 
less than 20 per weight, the 
weight of coal to be paid for is increased 
beyond the quantity actually weighed out 
by a percentage equal to one-quarter of 
the percentage decrease of small coal. 

(f) If the proportion of small coal ex- 
ceeds 20 per cent. by weight, the weight 
of coal to be paid for is decreased below 
the quantity actually weighed out by a 
percentage equal to one-quarter of the 
percentage increase of small coal. 

(The council, however, has the right to 
reject the whole cargo if the proportion 
of small coal exceeds 25 per cent. by 
weight. ) 


cent. by 





The number of boiler explosions in the 
United States in 1908 was 470. This com- 
pares with 471 in 1907, 431 in 1906, 450 
in 1905 and 391 in 1904. The number of 
persons killed by boiler explosions in 1908 
was 281, against 300 in 1907, 235 in 1906, 
383 in 1905 and 220 in 1904. The number 
of persons injured, not fatally, in 1908 
was 531, against 420 in 1907, 467 in 1906, 
585 in 1905 and 394 in 1904. The record 
of boiler explosions in the United States 
for 41 years and three months, or since 
October 1, 1867, shows a total of 10,051, 
in which 10,884 persons were killed and 
15,634 injured. 





The annual meeting of the National 
Electric Light Association will be held at 
Atlantic City, N. J., June 1, 2, 3 and 4. 
On the first two days there will be two 
sessions each day; on the last two days 
there will be parallel sessions devoted to 
commercial, technical and accounting sub- 
jects. The business headquarters, -to- 
gether with the meeting and exhibit halls, 
will be on Young’s “Million Dollar Pier.” 
The secretary's headquarters will be 
located near the entrance. 
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Improved Dexter Valve Reseating 
Machine 


Thousands of good valves have been 
thrown away merely because there was 
no suitable reseating machine at hand 
and engineers, rather than bother, have 
ordered new and discarded the leaky 
valves. The accompanying illustrations 


POWER AND THE ENGINEER. 


and the tool spindle are slidable through 
the chuck, and instantly lowered to or 
raised from the valve seat and held in 
position by rotating the large nut shown 
on the body of the machine. This bear- 
ing sleeve supports the tool spindle for 
practically its entire length, which greatly 
strengthens the tool shaft and aids in 
keeping it in line. 

Fig. 2 shows the application of this 
device for reseating globe valves from 














DEXTER VALVE RESEATING MACHINE 


FIG. I. 











FIG. 3. APPLIED TO LARGER GLOBE VALVES 


show the application of the Dexter valve 
machine, manufactured by the Leavitt 
Machine Company, Orange, Mass. 

Fig. 1 illustrates an improved valve- 
reseating machine with the tool spindle 
removed from its bearing sleeve in the 
body of the machine. This bearing sleeve 
extends through the chuck and is threaded 
on the inside of its upper end. These 
threads engage with the threads of the 
feed screw shown under the speed wheel 
of the tool spindle. The bearing sleeve 











FIG. 2. APPLICATION OF DEXTER VALVE MA- 


CHINE TO GLOBE VALVES 
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said to meet all requirements for this size 
of valve. 

Fig. 4 illustrates the Dexter machine 
for reseating the larger size of valve up to 
12 inches. The machine is geared 5 to 1, 
making a very powerful machine that 
carries the largest cutter easily, cutting the 
hardest metal smoothly without chatter 
ing, it is said. The jaws of the machine 
are quickly and simultaneously adjuste: 
as in the case of the machines already de 














FIG. 4. DEXTER MACHINE FOR RESEATING 
VALVES UP TO I2 INCHES IN SIZE 
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FIG. 5. TURRET-LATHE DISK CUTTER 


4 to 4 inches in size. The illustration 
shows a machine at work on a valve seat. 


‘The jaws of the machine are quickly and 


simultaneously adjusted to the valve cas- 
ing by merely rotating the scroll of the 
chuck. This centers the machine, when 
the tool shaft is in alinement. Then a 
few turns of the handle and the seat is 
cut to a too flat surface. 

Fig. 3 shows the machine as applied to 
valves from 3 to 6 inches in size. This 
machine carries a 6-inch cutter and is 


scribed. The machine, being portable, is 
taken to the valve on the pipe line, the 
valve seat being trued without disconnect- 
ing the valve. This model is carried in 
three sizes for reseating all flat and 
taper-seated valves from 3 to 8 inches, 3 
to 10 inches and 4 to 12 inches. 
Fig. 5 shows a new turret-lathe 
cutter. Owing to the number of positions 
to which the turret head that holds the 
cutting tool can be adjusted, all kinds 
and shapes of valve disk can be easily 


disk 
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and quickly recut. With one setting of 
the head, a crowning face can be cut ona 
valve disk; by feeding forward on the 
nurled nut, a 45-degree angle can be cut; 
or by feeding on the feed nut of the ma- 
chine a true surface can be turned parallel 
with the machine; all without resetting 
the head. The turret head carrying the 
cutting tool can be quickly adjusted for 
turning up all kinds of work usually done 
in small lathes. This machine is portable, 
but can be attached to a bench. 





Inquiries 





Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 





Horsepower to Turn Drum 

Give a formula by which to obtain the 
horsepower necessary to drive a drum 8 
feet in diameter by 16 feet long, resting 
on six 12-inch sheaves, with 12-inch faces, 
three of the sheaves being drivers and the 
other ‘three mounted on an idler shaft. 
The drum when loaded will weigh about 
27 tons and make Io turns per minute. A 
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Now as 


P= Poh. + Py 2 Ps, 
the formula for friction would be, 
Frichon = 2 Pi f = F, 
and the formula for work would be 


Werk=F Xot X 0=—2h.f§ pT = 
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The horsepower at the perivhery of the 
roller would be, 


92 xf W 
 10°-—d? 
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For cast iron rolling on cast iron, the 
coefficient of friction is 0.004, and sub- 
stituting in the previous formula for the 
horsepower required to overcome the 
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FIG. I. ARRANGEMENT OF DRUM AND ROLLERS 


sketch of the arrangement is shown in 
Fig. 1. 
Sc. G. 


Assuming the load to be distributed 
equally in the drum, the formula for 
horsepower at the periphery of the drum 
may be deduced graphically. In the ac- 
companying sketch, Fig. 2, the large cir- 
cle represents the drum, and the two smal- 
ler circles the rollers. 
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Sin 6= 








Make fe parallel to ag and eg parallel 
to af. Then the resultant ae will repre- 
sent the weight W of the drum. 














ae Ww 
ao= = 
| 2 
and 
WwW 
ao 
aji= => . 
i cos 8 cos 9 
Therefore, 
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af= P, = = 
2 cos 8 a 
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rolling friction, the following result would 
be obtained: 


HP. = 92% # X 0.004 X 54,000 
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To overcome the bearing friction on the 
roller shafts the, horsepower would be 
calculated as follows: On the idler shaft 
the horsepower to overcome the bearing 
friction will be 


Pg se ee . 
= 33,000 X 4/ yo? — d?_ = 


—_9° X ® X $4,000 X § 
33,000 X 4X Wf 107—d? 


28.9 
VW 10?—ad 





X 0.05 = 





On the driving shaft let R equal the 
resultant of the belt pull and the pres- 
sure P;. Then the following formula will 
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give the horsepower required to overcome 
the bearing friction on this shaft: 


H.P.=22% mXRX 0.05 _ _3.53R : 
4 X 33,000 33,000 
The total horsepower would simply be 
a summation of the values obtained for 
rolling friction, friction on the idler shaft, 
and friction on the driving shaft, and 
would read as follows: 





—_— a 
Vf 10*—a® 
Then by inserting the value of R, which 
can be ascertained in the plant, and the 
value of d, which is the distance between 
the idler shaft and driving shaft, the total 
horsepower required may be obtained. 


Total H.P. = -3-53 &_ 
33,000 
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Does Expanding Tubes Cause Leaks? 

Do leaks usually occur when new tubes 
are expanded beside others which are 
badly covered with scale? 

% 2, 

It depends entirely on how much the 
old tubes are disturbed by the process of 
removing the tubes that are to be re- 
placed. There is nothing in the mere act 
of expanding if properly done that would 
start a leak in another tube, no matter 
how badly scaled. 


Location of Drip Pipe 

The drip pipe from a header over a 
horizontal boiler -extends through the 
shell into the water near the bottom of 
the boiler. Why was it not put in so 
that it would discharge into the ‘steam 
space? 

D. E. 

Engineers and some others have preju- 
dices against allowing water which, how- 
ever hot it may be, is colder than the 
steam from which it is condensed, vo ‘run 
into the steam space of a boiler, as a 
water hammer of a more or less serious 
nature is liable to result. 
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Modern Science Club Program 





In the program of lectures and discus- 
sions at the rooms of the Modern Science 
Club, of Brooklyn, the following features 
are announced for the balance of May: 
Saturday, May 8, general discussion on 
“The Rating and Reliability of House 
Heating Boilers;” Tuesday, May 11, a 
paper by Prof. John E. Sweet, illustrated 
by the stereopticon, on “The Growth of 
the High Speed Engine, or the Straight 
Line Engine in Particular,” will be read 
by the secretary; Tuesday, May 18, H. 
J. Atticks will continue his discussion of 
“Steam Engine Governors;” Saturday, 
May 22, general discussion on “Turbine 
Governors,” opened by Frank Martin; 
Tuesday, May 25, F. E. Town will read 
a paper on “Elevator Accidents and their 
Prevention.” All lectures will start 
promptly at 8:15 p.m. 





Business Items 





Ira J. Owen, consulting engineer, of Chicago, 
has removed from the Marquette building to 
855 First National Bank building and will con- 
tinue to make a specialty of factory engineering. 


The Pittsburg office of the Du Bois Iron 
Works, of Du Bois, Penn., manufacturer of 
gas engines, etc., has been removed from 1206 
Park building to more commodious quarters 
at 1429 Park building. 


The Parker Boiler Company has received 
an order for a 3800-horsepower boiler from 
the Astoria Veneer Mills, Long Island City, 
N. Y. This company installed a 500-horse- 
power Parker boiler about a year ago. 


The Carnegie Steel Company has added to 
the 1550 horsepower in Crocker-Wheeler form 
W motors in its Duquesne plant by the purchase 
of three more Crocker-Wheeler motors of the 
same type, especially designed for rolling-mill 
work, aggregating 225 horsepower. 

The Union Electric Power Company, Union, 
Iowa, has ordered from the Minneapolis Steel 
and Machinery Company a  55-horsepower 
Muenzel producer gas engine and gas producer 
which will be installed in its new electric-light 
plant. The engine will be belted to two gen- 
erators. 


The Larson Lumber Company, Bellingham, 
Wash., has purchased a 20x36-inch Twin City 
Corliss engine with special Twin City frame 
from the Minneapolis Steel and Machinery 
Company. This is the second Twin City engine 
that they have purchased within the past three 
months. 


The Buckeye Engine Company, of Salem, 
Ohio, announces the appointment of: Louis 
Bendit, associate, American Society of Mechan- 
ical Engineers, Kansas City sales manager, with 
offices at 504 New York Life building; also, 
J. R. Detweiler, district manager, at Wichita, 
Kan., with offices at 505 Barnes building. 

In the March 23 issue, on page 543, in the 
article descriptive of the new power plant of 
the L. S. Starrett Company, Athol, Mass., it 
was stated that the chimney is of the Custodis 
type. We wish to correct this statement, as 
the chimney is constructed of radial bricks by 
the M. W. Kellogg Company, 48 Church street, 
New York. 

The Du Bois Iron Works advises us that 
it recently appointed James L. Kimball New 
England representative, with offices at 53 
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State street, Boston, Mass., also the James F. 
Marshall Company, 608 Chestnut street, Phil- 
adalphia, general sales manager for eastern 
Pennsylvania, Delaware and the southern 
half of New Jersey. 

The Trill Indicator Company, Corry, Penn., 
is sending out a neat circular, recently is- 
sued, containing a list of a few of the con- 
eerns using the Trill “Triumph” indicator, 
among which are the William Todd Com- 
pany, Cambria Steel Company, Jones & 
Laughlin Steel Company and a number of 
prominent universities. 

C. A. Dunham & Co., of Marshalltown, Iowa, 
will shortly start operations on a new $50,000 
office and factory building, as their present 


quarters are inadequate. The building will 
be used entirely for their heating and trap 
departments. They report a big improvement 


in business and recently opened branch offices 
in Fort Worth, Tex., Pittsburg and Denver. 

The Ideal Automatic Pump Governor Com- 
pany has been reincorporated under the laws 
of the State of New York, and has changed its 
corporate title to the Ideal Automatic Manu- 
facturing Company, as its line of steam spe- 
cialties now embraces pump governors, pressure- 
regulating and controlling, valves and “Ideal’’ 
packing. The offices and works of the company 
are at 125 to 129 Watts street, New York. 

“Belt Talks” is the title of a little cloth- 
bound book of about 100 pages which gives 
a lot of information about belting and will make 
good reading for any engineer who has any- 
thing to do with the belting about his estab- 
lishment. There are a number of illustrations 
to help out the text. Of course the object 
of the book is also to tell about Bird’s ‘ Bulls- 
Eye” belting. It is sent free upon application 
to J. A. & W. Bird & Co., 34 India street, Boston, 
Mass, 


We have been advised by the Keystone 
Lubricating Company, of Philadelphia, that 
the case which has been pending in the 
Denver courts for infringement upon its 
trademark by the Keystone Oil and Supply 
Company has been decided in its favor. 
There are several infringements upon the 
company’s trademark throughout the United 
States by petty concerns, and action has not 
been taken against them on account of the 
perding decision. 


The city of Bellevue, Ia., has placed an order 
for a Foos three-cylinder vertical gas engine, with 
gas producer complete, with the Foos Gas 
Engine Company, of Springfield, O., to replace a 
steam engine in the city electric-light plant. 
This will run in parallel with a steam engine, it 
being anticipated that the remaining steam 
engine will be displaced by another gas engine. 
The Foos company is doing a large business in 
gas-producer plants, both for electric work and 
pumping installations. 


The Homestead Valve Manufacturing Com- 
pany, of Pittsburg, TPenn., reports | several 
sales of Hlomestead valves for use on pres- 
sures of 5000 pounds hydraulic. These 
valves, they say, are meeting with great suc- 
cess and they have had several repeat orders 
from customers using them for this purpose. 
Many users of valves know the Homestead 
valve as a blowoff valve only, but they desire 


to call attention to the fact that it is sue- 
cessfully used on the highest known pres- 
sures. 

The Willeox Engineering Company, of 


Saginaw, Mich., manufacturer of the Willcox 
automatic water weigher, has issued in 
pamphlet form, illustrated, “A Consulting En- 
gineer’s Report on the Willcox Automatie 
Water Weigher,.” it being a reproduction of 
part of an article, on “Recent Refinements in 
Boiler 


Testing,” which was published in 
POWER AND THE ENGINEER, February 23, 
1909. The Willcox water weigher is highly 


endorsed in a letter accompanying the pamph- 
let, from the Michigan Sulphite Fibre Com- 
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pany, of Port Huron, Mich., which gives the 
weigher large credit for a saving of from 
10 to 20 per cent. in the coal bill. 


The Hewes & Phillips Iron Works, Newark, 
N. J., has under construction for the Windham 
Manufacturing Company, Willimantic, Conn., 
a cross-compound Corliss engine, 18x36x48, 
100 revolutions, to develop 1000 horsepower. 
With this engine they are also installing a com- 
plete motive-power outfit consisting of a 750- 
kilowatt Crocker-Wheeler belt-driven generator, 
Stirling water-tube boilers, pumps, heaters, etc. 
The Oakville Company, Oakville, Conn., is 
installing a new Hewes & Phillip cross-compound 
condensing Corliss engine, equipped with thie 
improved “Franklin” silent valve gear. This 
engine is 14x28x33 and will run at 300 revolu- 
tions, direct-connected to a 300-kilowatt gen- 
erator. The engine is arranged to connect 
to a 12-inch barometric condenser; it will also 
have a primary heater and all the latest heat- 
saving apparatus. 

The Hewes & Phillips Iron Works, Newark, 
N. J., is rebuilding one of the large Corliss 
engines operating the Wamsutta mills, New 
Bedford, Mass., furnishing two high-pressure 
20-inch diameter by 72-inch stroke cylinders 
and new pistons and new valve gear for all 
four cylinders. The valve gear will be of the 
“Franklin” type. They are also building for 
this engine a wood-rim flywheel 26 feet in 
diameter by 102 inches face, with double 
arms. The engine will be speeded from 58 
to about 70 revolutions per minute. The 
Downs-Plum Company, boxboard paper manu- 
facturer, Blanchard and Ferry streets, New 
ark, N. J., is also having a 22x42, 400-horse- 
power Hewes & Phillips Corliss engine in 
stalled for the operation of its paper mill. 
The engine will work noncondensing, using 
steam in the dryers. 


One of the oldest and largest printing estab- 
lishments -in Texas, that of Clarke & Courts, 
Galveston, has just completed the electrification 
of its drives. The order for 21 motors recently 
placed with the Birmingham office of the Crocker- 
Wheeler Company makes a total of 61 Crocker- 
Wheeler motors in this plant. The motors 
just ordered are for the following purposes: 
A 10-horsepower motor for driving the elevator; 
two 3-horsepower and a 2-horsepower for driving 
cutters; a 1-horsepower driving a group of num- 
bering machines and a 1-horsepower driving 
a group of wire stitchers; a 4-horsepower driving 
a box machine and a similar motor driving a 
punch; eight }-horsepower motors driving 
ruling machines and a }-horsepower driving a 
sewing machine. In the electrotype shop there 
are two 5-horsepower motors driving groups of 
machinery, a 1-horsepower motor driving a 
black-leading machine and a _  3-horsepower 
driving a plating dynamo. This plant covers 
a whole block and is four stories high. It is 
considered the highest-class printing establish- 
ment west of the Mississippi river. 





Help Wanted 


Advertisements under this head are inserted 
for 25 cents per line. About sia words make 
a line. 


WANTED—Thoroughly competent = steam 
specialty salesman; one that can sell high 


grade goods. Address “M. M. Co.,”” Power. 
AN ENGINEER in each town to sell the 

best rocking grate for steam boilers. Write 

Martin Grate Co., 281 Dearborn St., Chicago. 
EXPERIENCED CRUDE OIL FIREMAN to 


take charge: of boiler room of 1600-horse 
power plant. Only experts need apply. State 
experience and salary expected. C. P. Co., 


Box 43, POowEr. 

WANTED—First-class salesman, must have 
established trade among steam users in ens! 
neers’ and factory supplies in Greater Ne 


York and vicinity. Fine poition for ris! 
man. Box 35, PoWER. 
WANTED—By manufacturer, thorough!) 


experienced man to sell hangers, shafting and 
transmission machinery in New York City and 
vicinity. Must be capable, energetic. We 
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Reversing Valve Gears in General Use 


A Bird’s Eye View of Link and Other Reversing Motions, Including 
Double- and Single-eccentric Motions; Direct, Bevel and Spur-wheel Drive 
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While volumes have been written on 
the subject of reversing valve gears, there 
does not seem to be any place in which all 
of the principal types now in use are illus- 
trated and described, particularly with 
reference to noting the differences be- 
tween them. That such a comparison has 
elements of value goes without saying; 
for, while the steam engine may, to quote 
the view expressed by many, be becoming 
a “back number” in the field of power 
generation, for any service which requires 
reversing, it is still the only dependable 
machine, and thére is much which may yet 
be done to perfect the various types of 
gears by which reversing is accomplished. 
Therefore, a review of those which have 
thus far stood the test of continuous or 
intermittent operation, and the study of 
their essential characteristics, will be 
found helpful in a consideration of means 
for improving, or adapting to new service, 


Top of Platform 
Floor 
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the working parts of any individual type. 

Yor the article following, which treats 
Principally of the several methods em- 
ployed for imparting the desired motion 
to the valves by means of eccentrics, 
cranks, bevel and spur wheels, rods, etc. 
—usually in combination with blocks and 
links—there has been prepared a group of 
diagrammatic, sketches, uniformly con- 
ceived, which give what might be termed 
a hird’s-eye view of all link and other re- 
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versing motions now in general use, and 
show very clearly the differences between 
them. Supplementing these sketches are 
a number of other figures taken from 
drawings of engines now in operation, 
which show how the details of the leading 
types are applied in actual engineering 
practice. Such information of value as 
the article imparts will come chiefly from 
a close, analytical scrutiny of the several 
figures by which it is illustrated. Be- 
yond what is said of the first motion de- 
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STEPHENSON GEAR 
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B = Eccentric rods, 


C = Link, 

D= Block operating in connection 
with link, 

E = Connection to valve, 


F = Point of suspension of link, 
G=Rods which support link and 
radius rod, 

H I =Levers and connections by which 

reversing is effected, 
J = Connecting rod. 

In grouping the various gears for pur- 
poses of comparison, it seems desirable to 
separate them into three sections, viz., 
those having double-eccentric link mo- 
tions; single eccentrics; and direct, bevel 
and spur-wheel drive. Were the mechan- 
isms to be considered in their entirety 
as “reversing - motions,” it would, of 
course, be necessary to use an entirely 
different classification, as determined by 
the number, character and arrangement of 
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STEPHENSON LINK ON GEARED HOISTING ENGINE 


scribed, no attempt will be made to fol- 
low out the movements of the various 
gears in detail farther than is necessary 
to show radical differences in type, and 
for more complete information the reader 
is referred to standard works on the 
subject. : 

In the lettering of the several figures 
similar parts have been uniformly indi- 
cated, as follows: 

A = Eccenrtrics, 


the valves; but, for our present purpose, 
the differing valve details affecting varia- 
ble or constant lead, cutoff, expansion, 
etc., will be referred to only in passing 
and attention concentrated upon the par- 
ticular features above mentioned. 


DousBLeE-EccENTRIC Link MorIons 
The Stephenson Link Motion—“Link 
motions,” says Zeuner, “unquestionably 
belong to the most ingenious mechanical 
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movements that occur in machinery.” 
Among the earliest of arrangements for 
reversing engines and changing the ratio 
of expansion, and the one still most com- 
monly used, is the Stephenson gear, illus- 
trated in Fig. 1. The details and opera- 
tion of this gear are as follows: The two 
eccentrics A and A’ are keyed to the 
crank shaft, and to the link C are con- 
nected the two eccentric rods B and B’. 
“the radius of the curvature of the link, 
suspended from the point F by the system 
of levers, is equal to the eccentric rod 
length. The block D, which fits the link, 
slides in it when the latter is raised or 
lowered, and is. connected directly to the 
spindle E operating the valve. By mov- 
ing a lever which actuates the rod /, the 
link is raised or lowered through the 
operation of the bell-crank lever H and 
the rod C. 

When the eccentric rod B’ is nearly in 
line with the valve spindle E, the action 
of the valve is the same as if there were 
but one eccentric, viz., 4’. But, if the 
link is raised so that the block is near its 
lower end, the admission of steam is un- 
der the control of the eccentric A, since 
the eccentric rod B is nearly in line with 
the valve spindle; the eccentric A’ will 
then cease to affect materially the action 
of the valve and the direction of the en- 
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FIG, 3. 


gine will be reversed. When the valve 
occupies a position at any point between 
the extremes of the link, it is under the 
influence of both eccentrics, but mainly 
controlled by the nearest one. If in the 
exact center of the link, it is subject to 
both eccentrics and the engine will not 
run in either direction, as each eccentric 
is working in direct and equal opposition 
to the other. 

At such times as the block is not at the 
extreme of the link, the valve will not 
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DETAIL DESIGN OF STEPHENSON GEAR ON 
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ENGINE OF FIG. 2 


travel its full distance, or the eccentric 
throw, but only a distance which lessens 
as the block approaches the central point; 
but if the block is at either extreme of 
the link, the valve will travel a distance 
equal to the throw of the eccentric; at any 
other point the travel is less, being the 
same as if determined by another eccen- 
tric of smaller radius than either of those 
used. 

The effect of decreasing the valve travel 
is customarily shown graphically by valve 
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FIG. 4. GRAPHICAL METHOD OF LAYING OUT LINK MOTION 


rolling-mill and hoisting-engine service. 


The length of the link, which is curved 
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so that the lead will be equalized for all 
travels, should not be less than three times 
the full travel of the valve. It may be 
suspended from above or supported from 
beneath. 

Figs. 2 and 3 show the Stephenson link 
gear applied to a geared hoisting engine, 
the details of which are plain. An ar- 
rangement such as this adapts itself 
readily to a gear where a variable cutoff 
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the pins, etc., each calculation being indi- 
cated by name. These are particulars 
which there is hardly space to dwell upon 
in a general comparison of this kind, but 
they are shown here for the reason that 
the same principle of laying out each part 
in exact mathematical relation to the whole 
and upon the lines of a single compre- 
hensive diagram, applies to the work of 


designing all types of reversing valve 
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tric-rod pin, so that the swinging of the 
upper pin (backward eccentric) has very 
little effect on the valve travel. This link 
is supported on each side, so that the 
strains due to overhang in the ordinary 
Stephenson link are obviated. 

Open and Crossed Rods—According as 
to whether the angular advance of the two 
eccentrics is to be equal or unequal, the 
eccentric rods are either open or crossed. 
































FIG, 


is desired. This is accomplished, as above 
indicated, by moving the link block up 
or down, nearer to or away from the 
working eccentric-rod center. In the par- 
ticular case illustrated, two engines were 
coupled on one crank shaft; consequently, 
a link was required for each, but they 
were both connected, through the medium 
of necessary levers and cross shaft, with 
the lever keyed in the center, so that each 
could be operated simultaneously with the 
The essential features of Figs. 2 
and 3 are, of course, identical. The rea- 
son for giving both of them here is to 
illustrate, first, an outline of the side 


other. 


5. MODIFICATION OF STEPHENSON LINK GEAR 
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FIG. 6. GOOCH LINK 
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The meaning of this term and what it im- 
plies, if not already understood by the 
reader, can be readily gathered from any 
reference book on link motions. 

The Gooch 
the link motion principally in use, various 
other arrangements will be briefly de- 
scribed by which it has been sought, with 


Link—Having considered 
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elevation of an engine fitted with the 
Stephenson gear, as it appears on the 
sketch of a proposed machine submitted 
by the builder to a prospective user, and, 
second, to show the design more in detail 
as worked out in the drafting room. 
Proceeding still farther, Fig. 4 shows a 
raphical representation of the method of 
ing out the different points in the link 
tion, the slip of the link block, paths of 
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APPLICATION OF GOOCH LINK 


gear. The theory will be found in de- 
tail in Zeuner’s treatise on the subject. 
Fig. 5 shows an interesting modification 
of the Stephenson link gear for use on 
dredge engines or any engine which runs 
mostly in one direction (analagous to a 
steamship gear) and the valve motion for 
backing and running on the reverse is not 
so important. As will be seen, the car- 
rier connection is below the lower eccen- 
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more or less success, to attain the same 
object. Prominent among these is the 
Gooch gear, the action of which is nearly 
equivalent to that of the Stephenson link. 
With this gear the link is not, however, 
raised or lowered, but remains stationary. 
The radius of the arc that the link repre- . 
sents, which is opposite in curvature to 
that of the Stephenson link, is equal to the 
length of the radius rod that is moved, so 
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that the block may occupy different posi- 
tions in the link, from one extremity to 
the other, without moving the valve. 
Therefore the lead is constant for all 
points of cutoff. The block, instead of 
being on the inside of the link, has its 
wearing surfaces on the outside of the 
link and is adjustable by means of wear- 
ing plates. The arrangement is shown in 
Figs. 6 and 7. 

The Gooch link gives constant lead, but 
it has more joints to wear and cause lost 
motion and it requires more space than 
the Stephenson. In choosing the type of 
link motion the importance of a given 
feature must be well considered. Both 
gears may be designed to give an equal- 
ized cutoff. To illustrate by specific ex- 
amples : 

A hoist is a very slow-speed machine 
when starting and runs at higher speed 
when under way. A slow-speed engine re- 
quires but little lead, while for higher 


speeds considerable lead, early admission, 
exhaust and a larger amount of compres- 
sion are necessary in order that the drum 
may run smoothly. 

In starting, the link motion is thrown 
into full forward gear, which causes a 
late cutoff and slight lead. After the hoist 
is well started, the engine, like a high- 
speed power engine, requires more lead 
and considerable compression. An early 
admission and release are desirable in 
order that the steam may be admitted and 
exhausted freely. By raising the Stephen- 
son link, these conditions are attained, as 
well as the advantage of using the steam 
expansively. 

In marine engines the link motions are 
used more for reversing than for varying 
the expansion. Usually a marine engine 
runs at full speed and under full load. 
When the speed decreases, if the link is 
shifted toward mid-gear, there is exces- 
sive compression and early release. En- 


POWER AND THE ENGINEER. 


gines of this type often use independent 
cutoff valves. 

Allan Gear—Fig. 8 shows the Allan, or 
straight-link gear, and Fig. 9 a recent ap- 
plication of it. At the time the Stephen- 


son gear was invented the means of slot- 
ting out had not been brought to the 
present-day perfection, and the construc- 
tion of a curved link with large radius 
difficulty ; 


involved considerable hence 
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FIG. 8. ALLAN STRAIGHT-LINK GEAR 
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; OFF GEAR 


Allan's straight link was designed as a 
substitute. In this gear the radius rod is 
moved upward as the link is moved down- 
ward and vice versa, causing the valve to 
travel evenly on each side of a fixed 
point; and, theoretically, the end sought 
can be completely attained, but in practice 
it has not worked as well. This motion 
is not now very extensively employed. It 
combines, however, the principal features 
of the Stephenson and Gooch links and is 
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intermediate in relation to them. Fig. 9 
is a modified form of the gear shown by 
Fig. 8 and has the link hanging down in- 
stead of being supported from below. In 
either case the motion is the same. 

Trick Gear—A gear practically identica! 
with the Allan link motion was independ- 
ently brought out in Germany by the in- 
ventor whose name it bears, and mention 
is made of it here for the reason that the 
straight-link gear is sometimes referred 
to under that title. 

Polenceau. Gear—Very similar in its 
initial arrangement to the Gooch gear, 
and constituting practically a modification 
of-it, is the Polenceau reversing and cut- 
off gear shown by Fig. 10; but, with this 
arrangement, a separate expansion valve 
is operated in connection with the main 
valve, necessitating two valve spindles £ 
and E’, as illustrated. It is plain to be 
seen from the sketch how this gear works. 
lf the engineer wishes to throw the ex- 
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pansion valve out of action, so as to use 
the gear as a simple Gooch motion, he 
merely brings the levers in line and locks 
them together. The Polenceau gear is 
ingenious and has been extensively util- 
ized, but it possesses a number of serious 
disadvantages, which will not be gone into 
here, that have made it unpopular in this. 
country. 

Meyer Gear—A modification of the 
Polenceau gear, which permits of all pos- 
sible degrees of expansion from zero on, 
is the Meyer gear, largely used in rolling- 
mill engine service. This, however, affects 
principally the valve construction, which 
is not of interest here, and on the eccen- 
trically operated link end a number of 
combinations, on the order of the fore- 
going, have been worked out, which have 
given the Meyer gear a wide range of 
adaptability. Among its good points is a 





minimum of valve friction. 
Borsig, Breval, Gonzenbach, Napier and 
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Rankine, Farcot, and Georges gears, each 
of which embodies a separate expansion 
valve, are closely related to that of 
Polenceau’s and have been used to a con- 
siderable extent in Europe, the last-named 
being similar to the Meyer gear in that it 
fulfils most of the conditions of a perfect 
expansion gear. The arrangement of 
eccentrics, link and rods offers in each 
case, however, no essential difference 
from what has already been illustrated, 
and they are mentioned here only for the 
sake of completeness. 

Guinotte Gear—A gear which can be 
actuated by Stephenson’s, Gooch’s, Allan's 
or a single-eccentric link motion, such as 
Waldegg’s hereinafter described, is that 
of Guinotte. It differs, however, from 
Polenceau’s and the other separate expan- 
sion-valve motions in the fact that, with 
this gear, the direction of an engine can 
be reversed without altering anything in 
the mechanism that controls the cutoff. 

“It is an interesting fact,’ says a 
well known authority with reference to 
Stephenson’s, Gooch’s and Allan’s gears, 
“that among the infinite number of pos- 
sible cases, practice has picked out by trial 
just those three which have been found to 
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FIG. II. MARSHALL REVERSING GEAR 
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gear is much less expensive to construct 
than the double-eccentric link motion, a 
great deal of effort has been expended 
upon designing methods for reversing en- 
gines by the use of only one eccentric and 
a simple arrangement of rods with which 
to transmit the motion to the valve. 
Hackworth Gear—Hackworth's revers- 
ing gear, which was the prototype of the 
Marshall gear shown in Fig. 11, works 
according to the principle that the motion 
of a point on a rod, one end of which 
moves in a circle and the other on a 
straight line passing through the center of 
that circle, ison an ellipse whose major 
axis coincides with the straight line, but 
that if the end of the rod slides on a line 
inclined to this center line, the major axis 
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riving at the oblique motion of the rod 
end. In Fig. 11 it will be seen that the 
eccentric rod B is hung, by means of a 
rod JV, from a point near the upper end 
of the lever V’ in such a way that the point 
IV moves on the arc of a circle inclined 
to the center line. The motion is not 
quite as perfect as with the inclined slid- 
ing bar used for Hackworth’s gear, and 
necessitates special designing of the lower 
end of the slide valve in order to get as 
much opening to steam there as at the 
top end; but there is less friction and, on 
the whole, it works most satisfactorily. 
The pins need to be of good size and re- 
quire adjustable brasses to provide for the 
large amount of wear which necessarily 
comes upon them. 
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be theoretically the simplest and most 
feasible.” This remark applies with nearly 
equal force to the other link and valve 
motions refered to in the foregoing, but 
it seems hardly probable that inventive 
ability in this line has been so far ex- 
hausted as to preclude any material im- 
provements in future. Of late, however, 
the efforts of engineers designing revers- 
ing engines appear to have been concen- 
trated more upon motions of the several 
types described in the following sections, 
which have for convenience been classi- 
fied under ‘the -headings of single-eccen- 
tric and direct-, kevel- and spur-driven 
gears: 


SINGLE-ECCENTRIC MoTIoNs 
From the fact that a single-eccentric 
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WALDEGG GEAR 


of the ellipse will be inclined. In Hack- 
worth’s gear, therefore, a single eccentric 
is keyed to the shaft exactly opposite to 
the crank; the eccentric rod has its end 
attached to a block which slides on a guide 
bar inclined to the line through the cen- 
ter of the shaft, and a rod from about the 
middle of the eccentric rod is connected to 
the valve rod, which works in a line at 
right angles to the line through the eccen- 
tric rod when in mean position. Now, if 
the guide bar on which the eccentric-rod 
block slides is moved so as to reverse 


. its. inclination, the.inclination of the .axis 


of the ellipse and, consequently, the mo- 
tion of the engine are reversed. 

Marshall Gear—The Marshall reversing 
gear is a modification of Hackworth’s and 
differs from it only in the method of ar- 


..as. to. produce a variable expansion. 
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WALSCHAERT GEAR 


Among the great advantages of this 
gear, which were very clearly brought out 
in an article appearing on pages 599-603 
of the April 21, 1908, number of Power 
AND THE ENGINEER is the excellent mo- 
tion imparted to the valve, inasmuch as 
there are two quick and two slow motions 
in a revolution, the quick ones occurring 
at cutoff and the slow ones during ex- 
haust and previous to opening. Constant 
lead and a large variation in the amount 
of cutoff are also possible with this ar- 
rangement without wiredrawing from 
small opening and slow closing of the 
port, as is the case with the ordinary link 
motion. The chief objections urged 
against the Hackworth gear were the ex- 
cessive friction and consequent wear on 
the sliding blocks and the liability of so 
many pins to derangement. In Marshall’s 
type, however, these difficulties are largely 
overcome, making it particularly adaptable 
to marine- and rolling-mill engine service. 

Waldegg Gear—This valve gear, shown 
in Fig. 12, has fixed upon the crank of the 
driving axle an eccentric A whose eccen- 
tricity forms a right angle with the cen- 
ter line of the crank. The eccentric rod 
B gives to the link C, which turns on the 
fixed pin F, an oscillating motion. The 
link has a curved slot in which the sliding 
block D can be moved up and down, so 
The 


radius rod U is connected with a lever 
whose upper end is jointed to the valve 
spindle , while its lower end turns in a 
bearing R on the crosshead. The lever 
has a peculiar motion given to it; its lower 
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end moves back and forth with the piston 
rod, the point of connection with the 
radius rod U gets from the link another 
oscillating motion, and the upper end of 
the lever connecting with the valve spin- 
dle E is given a movement which, as ex- 
perience has shown, is most suitable for 
producing the desired effect on the valve. 
In the gear for which this link motion is 


I 








FIG, 


14. 


designed, the principal end sought is to 
secure a constant lead, and this object is 
completely attained; but the arrangement 
is generally considered too complicated, 
and constant lead is obtained at the ex- 
pense of other qualities. 

Walschaert Gear—The Walschaert gear, 
which has long been.used on locomotives, 
is represented by Fig. 13, in which its es- 
sential features are clearly shown. As 
in the case of Waldegg’s gear, the lower 
end of the lever 7 is connected to a bear- 
ing carried by the traveling crosshead, but 
it sustains a different relation to the radius 
rod U, the oscillating motion of which 
combines with the reciprocating move- 
ment of 7 to give a motion to the valve 
spindle / analagous to that obtained from 
a stationary link, as in the Gooch system. 
The eccentric is in the form of a return 
crank from the main crank pin. This ar- 
rangement is practically as complicated as 
that of the Waldegg gear, but constant 
lead is secured without many of the disad- 
vantages attendant upon the latter. 

Baker-Pilliod Gear—This gear, which 
has only recently been tried out on loco- 
motives of the Chicago & Alton and 
Toledo, St. Louis & Western railways, is 
arousing a great deal of interest among 
operating men, and there is every indica- 
tion that it will be largely adopted in this 
country. For that reason a somewhat ex- 
tended description of it is given here. The 
mechanical construction of this gear, 
which has a constant lead, is similar to 
that of the Walschaert gear, but having 
considerably less throw. Referring to 
Fig. 14, the point X at the end of the 
eccentric rod is supported by an arm D, 
which takes the place of the link in the 
Walschaert gear and hangs from the 
short arm of a bell crank TT’. The 
lower end of 7” receives its motion from 
the crosshead R. The pivot point of this 
bell crank is fixed. The crosshead mo- 


tion causes D, which for convenience will 
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be called the link, to rise and fall, and the 
eccentric-rod motion is principally back- 
ward and forward. These two separate 
motions are combined at the point X, 
which moves in either a circular or an 
elliptical path, according to the relative 
proportions of the bell-crank lever arms 
T and T’. 

The motion of the point X actuates the 
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BAKER-PILLIOD GEAR 


eccentric arm X Y, and at the point Y this 
arm is supported by an arm W swinging 
about the point Z, which is held up by the 
reverse yoke U supported at a fixed point. 
The point Z is shifted by the movement of 
the reverse yoke U, controlled by the con- 
nection to the rod /, as shown in the fig- 
ure. From this it will be seen that the 
operator can alter the position of the sup- 
porting point Z from which hangs the 
radius arm /V’, and so vary the curve 
made by the point }. Now it will be seen 
that, as the eccentric arm X Y has a cir- 
cular or elliptical motion at the end X 
and a radial motion at the end Y, all inter- 
mediate points along X Y will have mo- 
tions compounded, so to speak, of the mo- 
tion of XN and the motion of Y. 

Now for the method of actuating the 
valve rod. At a suitable point L on the 
arm X Y an upright arm M is 
placed. The upper end of this link is 
attached at N to one end of a bell crank 
which is pivoted at P. This point P is 
another fixed point on the motion. The 


eccelitric 
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FIG. 16, FINK GEAR 

point O at the lower end of a vertical arm 
of this bell crank is where the valve rod 
is attached. The motion of the point L 
on the eccentric arm actuates the bell 
crank and the point O swings on a curved 
path in obedience to the movement of the 
bell crank. The point QO has a radial mo- 
tion about the pivot point P, and the 
movement is one of approximately hori- 
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zontal travel of the valve rod similar to 
that produced by an ordinary link motion. 
The point L on the eccentric arm, how- 
ever, has a somewhat complicated motion, 
being practically a distorted ellipse, the 
form of which is dependent on the mo- 
tions of X and Y. The motion of Y is 
modified by the position of the supporting 
point Z, which is controlled from the cab 


Zz 
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I5. DIAGRAM OF BAKER-PILLIOD GEAR 


FIG. 


for forward or backward running and for 
all intermediate cutoff points. 

The diagram, Fig. 15, shows the shape 
of the distorted elliptical path of the point 
L, and the portions of the ellipse passed 
over by the point L for the port openings 
and for lap and lead. The same letters 
that are used in Tig. 14 are used in Fig. 
15. The ellipse marked S$ is the path fol- 
lowed by point L when in forward gear, 
and the ellipse S’ is that followed in 
backward gear. The curve marked 1, 1 is 
that followed by the point Y in full for- 
ward gear, the curve 2,2 is that followed 
when the reverse lever is in the center, 
and curve 3,3 is that for full backward 
gear. 

Among other things it is claimed for 
this gear that “It maintains uniform lead 
at all points of cutoff; a larger port open- 
ing at all points of cutoff; 5 per cent. 
travel of the piston required for full port 
openings; uniform cutoff; any cutoff 
from 75 to 85 per cent. can be had at full 
gear by lengthening the quadrant so that 
the reverse lever can be moved down, thus 
dropping the reverse yoke lower, which 
increases the travel of the valve and in 
creases the cutoff at full stroke; late re 
lease, at quarter stroke releases at 85 per 
cent., that is, on 24-inch stroke with a 
6-inch cut-off exhaust port opens when 
piston has traveled 20% 
cent. of stroke; 
pression; 


inches or 85 per 
late and balanced com- 
excessive compression in the 
short cutoff is entirely eliminated; re- 
duced back pressure because of quick com- 
plete release; lower terminal pressure 
which permits of larger exhaust nozzle; 
total absence of pre-admission and_ it 
produces 25 per cent. 
temperatures.” 

Young Gear—In relation to the Young 
valve motion there is considerable differ 
ence of opinion, and, as it is the valve 
alone that presents any new features, the 


higher range of 
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here. In 
resembles the 


ar will not be described 
outward appearance it 
Valschaert. 

Fink Gear—The Fink gear, shown in 
ig. 16, although not strictly of the re- 
versing type, is the least complicated of 
all link motions, and, while inferior to 
other gears for most conditions of service 
where reversing is required, has often 
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FIG. 18. JOY GEAR 


been applied, either simply or with modi- 
fications. An ingenious application of it 
is exemplified by Fig. 17, which illustrates 
the gear used on a small reversible barr- 
It will be seen that in this 
arrangement the eccentric takes the form 


ing engine. 
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FIG, Y BARRING 


I7. FINK GEAR ON REVERSIBLE 


ENGINE 


of a short crank on the end of the main 
crank shaft. There is no slip to the link 
block, because it is clamped in position for 
working anywhere in the curved slot. The 
link, it will be observed, is curved in the 
same direction as the Gooch link. This 
gear belongs to what is termed the radial 
type and has practically a constant lead. 
Other modifications of it have been made, 
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but are in general more complicated than 
the one here shown. 


Drrect-, BEVEL- AND SPUR-WHEEL DRIVE 


Joy Gear—One of the most common 
methods of driving valves without using 
eccentrics is that embodied in Joy’s valve 
gear, Fig. 18, which can be used on all 
types of engine and is especially adapted 








FIG. 20. BEVEL GEAR REVERSE 


for marine and locomotive service. Fig. 
19 illustrates the gear as applied to a 
marine engine. This gear gives a rapid 
motion to the valve when opening and 
closing and less compression at short cut- 
off than the link motion. The cutoff can 
be made nearly equal for all grades of the 
gear. With it constant lead is also to be 
secured. 

Bevel Gear Reverse—In this gear, illus- 
trated by Fig. 20, the reverse cross shaft 
indicated at the right has a motion coin- 
cident with the drum shaft on the other 
side and is driven by a series of seven 
bevel wheels. The reversing mechanism 
is actuated by the fourth gear and is 
movable up and down by hand or power, 
often by a small auxiliary engine. On 
each end of the reverse shaft is keyed a 
disk in which is forced a pin correspond- 
ing to an eccentric on other gears. It 
drives the valve mechanism by means of 
reach rods and gives them the 
motion at all times. This is used mostly 
for hoisting engines, where the hoisting is 
done in balance, and the cutoff is under 
control of a regulator. 

Sell’s Spur Gear Reverse—This gear is 


same 


831 
course, to be taken as in any _ sense 
standard; they merely represent applica- 
tions of certain well mechanical 
principles which have been used in re- 
versing engines designed for work of a 
special character, usually under conditions 


known 


essentially local and with a view to mini- 
mum cost of skilled attendance. 
It is, however, a noteworthy fact that, 
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FIG. I9. JOY GEAR APPLIED TO A 


ENGINE 


MARINE 
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a modification of the bevel-gear reverse, 
which it has largely superseded. Two 
eccentrics, sect 90 degrees apart, drive the 
shaft first, Fig. 21, and motion is trans- 
mitted through spur the last 
shaft. Reversing is accomplished by rotat- 
ing the latter through an arc sufficient to 
change the valve motion. 

These last 


wheels to 


named gears are not, of 
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SELL’S SPUR GEAR REVERSE 


with the motions typified by the Marshall 
and Walschaert gears, these “irregular” 
gears, as they may be termed, stand for 
most of the advance that has been made 
in the design of reversing mechanisms for 
several past, and the vartous 
contrivances of a similar character being 
brought out 
worth attention. 


decades 


from year to are well 


year 
A chapter in some refer- 
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ence book devoted entirely to them, with 
uniform diagrammatic sketches showing 
the various features of similarity and also 
the essential differences between them, 
would have in it much of value to the 
student of steam engineering. 





Location and Repair of Troubles in 
Direct Current Motors 





By R. H. FENKHAUSEN 


When trouble develops in a_ motor, 
whether it is a failure to start or some 
other abnormal condition, a systematic 


course of action should be laid out and 
followed in each case until the trouble is 
located. The following tests, if carefully 


fo) Line 





Open Circuit here 
to Test Arm. & 
Resist. 


































Open Circuit here 
to Test Field 
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made in the order given, will result in a 
speedy lecation of the fault: 

In case the motor fails to start, first be 
sure that current is on the line, and see 
that the fuses are not blown, then in- 
spect the brushes and make sure that they 
are not worn down enough to allow the 
brush holders to rest on the stops and pre- 
vent contact between the brushes and the 
commutator. If no trouble is found at 
any of these points, the load should be 
r-moved by taking off the belt, and the 
armature revolved several turns by hand 
to see if the are free, after 
which another attempt to start the motor 
should be made. If it still refuses to 
start, the trouble is due to an open cir- 
cuit, or in case of a newly installed ma- 
chine either an open circuit or an incor- 
rect connection. 


bearings 


Inspect all wiring and connections, to 
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both the motor and the starting device, 
for loose or open connections and make 
sure that none of the wires is broken in- 
side the insulation; this frequently occurs 
and is a very difficult trouble to locate 
blindly. If no fault is discovered the 
field-winding lead should be disconnected 
at the rheostat, the switch closed and the 
starting lever placed on the first contact 
for a moment and released. If an arc is 
drawn the continuity of the circuit 
through the armature and resistance is 
proved, and the field-winding circuit may 
be tested in the same way by replacing the 
connecting wire and opening the arma- 
ture circuit by means of a match or piece 
of paper inserted between each brush and 
the commutator, and then testing as be- 
fore. (See Fig. 1.) 

If a motor sparks badly it may be due 
to overload, incorrect brush setting, flats 
on the commutator or trouble in the field 
or armature winding. The remedies for 
the first three troubles are obvious, but in 
case the windings are at fault the motor 
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A short-circuited field coil may be de- 
tected by its low temperature, as it will 
always be much cooler than the good 
coils. If two or three armature coils are 
hotter than the rest of the winding they 
are short-circuited either within them- 
selves or by the commutator bars to which 
they are connected, but if the entire arma- 
ture is hot, the cause will probably be 
found in a commutator partly short-cir 
cuited by oil-soaked mica insulation be- 
tween the bars. 

When the speed 
motor — increases, 


of a_ shunt-wound 
after the field-magnet 
coils have been overheated, it may be 
taken as an indication that the field wind- 
ing is partly burned out and some of the 
current is passing from layer to layer in- 
stead of traversing the entire winding. 
In case trouble is located in the rheo- 
stat, it should be taken down and the re- 
sistance examined for an open coil, which 
if found may be bridged over until such 
time as it can be replaced. If the field 
circuit of the motor tests open, trouble 


Note:- The c.-c. distance 
of the brushes inust be 
adjustable to suit 
different commutators, 
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FIG, 


should be taken to the shop and repaired, 
as will be explained later. 

Sparking due to improper 
brush setting or unbalanced field due, to 
burned-out field coils is likely to be con- 
tinuous, whereas sparking due to open 
coils, short-circuits or flats on the commu- 
tator will be intermittent in character and 
will occur once or twice per revolution. 
The: sparking due to an open armature 
coil is readily distinguished by the deep 
pitting of the mica and rounding of the 
edges of the bars connected to the faulty 
coil. 


overloads, 


Excessive heating of the windings of a 
motor may be due either to overload or 
to a partial short-circuit of the field or 
armature winding. If a motor becomes 
dangerously warm the load should be re- 
moved and the armature kept in motion, 
as the heat will be dissipated better than 
if the armature is stationary. The tem- 


perature should fall as soon as the load 
is removed; if it does not, the trouble will 
be due to a short-circuit and the motor 
should be stopped and the windings felt 
by hand. 
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should be looked for in the retaining mag- 
net on the starting box, and if that is 
burned out or open-circuited in such a 
way as to make repairs very difficult, and 
the motor is urgently needed, the magnet 
terminals may be short-circuited and the 
rheostat lever tied in the running posi- 
tion. As the motor 
tected in case the power should be shut 
off and turned on again before the rheo- 
stat lever is released, the motor should be 
closely watched until such time as the 
proper repair can be made. 

Should trouble be located in a_field- 
magnet coil, the faulty coil should be re- 
moved from the motor and untaped. The 
cause of trouble will found 
either in broken end 


this leaves unpro- 


usually be 
or short-circuited 
connections which are easily repaired; but 
if the defect is in the inner layers of the 
coil, the wire must be unwound until the 
faulty place is located. If the insulation 
of the wire is so badly charred that it 
can be scraped off with the finger nail, a 
new coil is the only: remedy. The burn- 
ing out of a field-magnet coil is usually 
the result of a short-circuit of one of the 
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other coils, which overloads the remain- 
ing coils and burns them out. 

Open circuits in armature coils usually 
occur in the end connections leading to 
the commutator, where they are easily re- 
paired without removing the armature, 
but in case the open circuit is inaccessible 
or the coil is short-circuited, and tem- 
porary repairs must be made, the faulty 
coil should be entirely disconnected and 
the commutator bars to which it was con- 
nected short-circuited until such time as 
proper repairs can be made. If a coil is 
short-circuited it will also be necessary to 
cut each turn of the coil or else sufficient 
heat may be developed to destroy the ad- 
jacent coils. 

Most of the repairs previously men- 
tioned can be made in a short time and 
without removing the motor from service, 
but in case the trouble is serious the 
motor must be taken to a shop, where 
proper facilities exist, for the accurate 
location of trouble and its speedy repair. 

Owing to the low resistance of an arma- 
ture winding the location of open, 
grounded, or short-circuited coils with a 
magneto or test bell is impossible and 
use must, therefore, be made of some 
instrument sufficiently sensitive to detect 
small differences in resistance, such as a 
Wheatstone bridge. These instruments 
are not often available and some substi- 
tute must be devised. Fig. 2 shows a 
testing outfit, the materials for which may 
be found in almost any plant, and which 
is sufficiently sensitive to locate an un- 
soldered or partly broken connection. 

A few cells of dry battery having low 
internal and high amperage 
should be connected in parallel, 1/16x 14- 
inch copper ribbon being used for con- 


resistance 





To Testing Device 
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These _ batteries 
should be in series with a low-resistance 
ammeter having a 20- or 30-ampere range 
and flexible testing leads connected. All 
wiring should be at least No. 8 Brown & 
Sharpe gage, with all connections as short 
as possible, the idea being to make the 
resistance of the testing outfit small as 
compared with that of the armature. If 
terminals 4 B are brought in contact, the 


nections, as shown. 
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armature indication should be very nearly 
full scale. The brushes and ring shown 
in Fig. 2 should be applied to the com- 
mutator, with the brushes separated a 
distance equal to the thickness of one 
bar of the commutator. The brushes 
should then be advanced bar by bar and 
a reading taken time, being sure 
the surface of the commutator is perfectly 
clean. If the armature winding and con- 
nections are sound, practically uniform 
readings will be obtained, which in the 
case of a 5-horsepower 220-volt motor 
will be in the vicinity of 10 amperes. 

If a short-circuited coil or pair of bars 
is found, the reading will be higher, de- 
pending, of course, on the amount of the 
coil that is affected. 
coil is 


each 


If an open-circuited 
found the reading will be very 
as the current must traverse the en- 
armature instead of 
3), and if two or more open cir- 
cuits exist the ammeter will indicate zero 
(see Fig. 4). If the ammeter gives a 
reading much lower than the standard, but 


low, 
tire 
Fig. 


one coil (see 


too large for an open circuit, and the 


( ) To Testing Device 
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FIG. 4 


motor acted as if open-circuited, it will 
probably be found that a coil is open, but 
that the broken ends are in light contact 
inside the insulation. When the motor is 
started centrifugal force separates the 
ends and causes an open circuit, which 
closes again when the motor stops. 

When testing for a ground one of the 
test terminals is clamped to the shaft and 
the other touched to commutator 
bar until the one that gives the highest 
reading is found. The ground will either 
be in this bar or one of the coils con- 
nected to it. 

Trouble with burned-out coils and open 


each 


circuits is often caused by poor mica be- 
tween commutator bars and if there is 
reason to suspect this trouble all the top 
leads should be taken out of the commu- 
tator. This will leave each bar without 
connection to any other. <A pair of test 
terminals (Fig. 5) should be connected 
in series with a few 110-volt lamps and 
the mica renewed between any two seg- 
ments that will not stand the application 
of the test terminals without smoking or 
getting hot. 
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When a commutator wears into one or 
two large flats it is often due to the seg- 
ments having been cast at different times 
and not being of the same degree of hard- 
ness. There is no remedy for this, but 
conditions may be improved by taking the 
commutator apart and spacing the soft 
segments evenly around it. When new 
mica is to be placed in a commutator it 


must be carefully selected, for if it is too 


iY 
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hard it will not wear as rapidly as the 
and will and 
cause sparking; and if it is not of the 
proper thickness, trouble will be experi- 


copper, project above it 


enced in assembling the commutator. 

A V-shaped tool, slightly rounded on 
the point and without lip, should be used 
for turning commutators and only very 
light 


small bridges of copper 


otherwise, 
will be drawn 
over and imbedded in the mica, causing 
short-circuits. 

When polishing a commutator after 
turning, only sandpaper should be used; 
if emery cloth is used, small particles of 


cuts should be taken; 


emery will be imbedded in the copper and 
cause subsequent cutting. 





An electric-power plant for Bogota, 
Colombia, is proposed, according to Con- 
sul-General Jay White. At the 


streets of Bogota are not lighted, because 


present 


the electric company, which has its power 
station 20 miles from the city, has not 
sufficient power to supply the necessary 
electricity for both house and street light- 
The site of the new plant is three 
miles from Bogota, and 656 feet above the 
level of the city. The city could be well 
lighted with 250 are lamps or with 25 arc 
lamps and one thousand 25-candlepower 
incandescent lamps. 
stallation is 


ing. 


The cost for the in- 
estimated as follows: The 
about $47,000; the 
are and incandescent system, about $42,000. 


all-arc-lamp system, 
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ome Live Steam Separator 
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Tests 


Showing Efficiency of Separation Decreases with the Velocity and 
Increases with ‘the Percentage of Moisture in the Entering Steam 





BY 


A number of tests made at the Armour 
Institute of Technology on steam separa- 
tors of various types and sizes tend to 
show that in practically all separators: 


(1) The efficiency of separation de- 
creases as the velocity of the steam in- 
creases. 

(2) The efficiency increases as the per- 


centage of moisture in the entering steam 
increases. 
(3) The drop in pressure increases 
rapidly with the increase in velocity. 
The few published tests of separators 
different 


conducted by investigators ap- 
pear to confirm these results although 
comparisons are difficult on account of 


the meagerness of available data. 

Fig. 1 gives a diagrammatic arrange- 
ment of the apparatus as used in the 
Armour tests. Steam is led from the 
boiler through the 8-inch pipe 4 and valve 
I, to the service separator 17. The steam 
leaves this separator practically dry and 
saturated, the exact quality being deter- 
mined by throttling separator 7; From 
this point the steam passes through pipe 
P (the size of which conforms to that of 
the separator to be tested) to separator 
S, which is to be tested. The quality of 
the steam entering S is varied by a water 
spray IV, the temperature of which is 
maintained at practically that of the steam 
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leaving the separator S is checked by 


GEBHARDT®* 


QO, = Quality of mixture entering sepa- 




































separator B (two sizes larger than sepa- rator, 
rator S) and throttling calorimeter T>. Q2= Quality of mixture leaving sepa- 
The pressure in the system is regulated rator, 
by valves J]; and J’. and the pressure FE = Efficiency of separation. 
drop through separator S is determined Then 
by gages Gs and Gy. The weight of steam 
entering separator S was determined by as -y S_ (1) 
. . . 4 a 
collecting the entrainment in chambers D +? 
and D, and the condensation from the 
ps ; Ss: 
surface condenser. The velocity was O.= S+W—D (2) 
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FIG. 2. 


in pipe P by means of heating coils K 
and steam jacket J. Heating the spray 
in this manner minimizes the condensa- 
tion in pipe P and insures a more inti- 
mate mixture of moisture and steam. 
The quality of steam entering and leav- 
ing separator S is 
versal calorimeters 


determined by uni- 
,and U:. The mois- 
ture entrained by separator S is trapped 
in storage reservoir D and the weight 
determined. The quality of the 


steam 


*Professor, mechanical engineering, Armour 
Institute of Technology, Chicago, IIl. 


EFFICIENCY DECREASES WITH VELOCITY 


the known area of pipe P. In draining 
reservoirs D and D,, valve b is closed, 
vent a opened and the contents drained 
through valve C. All pipes and fittings 
were carefully lagged and all instruments 
calibrated before and during the test. 


Let 


S= Weight of dry steam entering 
separator S, 
Il’ = Weight of water injected by 


spray IT’, 
D=Weight of water removed from 
reservoir D, 
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FIG. 3. EFFICIENCY DECREASES WITH VELOCITY 


This is on the assumption that steam 
leaving service separator M is dry and 


saturated. If the quality is less than 100 
per cent., suitable corrections must be 
made. 
D 
E= —. 3 
W (3) 
From equation (2) 
‘ Ss 
D=S+W— ——. (4) 
Q: 


This equation was used in determining 
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D from the tests not made at Armour, baffle plates of the smooth type; steam remaining constant) the efficiency of 































































































and in which only S:, Q: and Q: were current reversed once. separation decreases as the velocity in- 
given. Separator X: 3-inch horizontal; sev- creases and reaches a point where the 
Five different types of separator were eral fluted baffle plates; no reversal of separator is practically useless. 
tested, and, since the parties for whom. current. From Fig. 4 it will be seen that the 
the tests were made were unwilling to Separator Y: 6-inch vertical; centrif- efficiency of separation increases as the 
have the name of the separator published, ugal type; current reversed once. percentage of moisture entering the sepa- 
100 ——s 
2.7 
| | + 
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» | | | cr) 
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Power, N.V 
FIG. 5. INCREASE IN PRESSURE DROP WITH VELOCITY FIG. 4. EFFICIENCY OF SEPARATION INCREASES WITH PERCENTAGE OF MOISTURE 





rator increases. The velocities in Fig. 4 
were not the same for all separators and 
hence the curves are not truly compara- 








ble, but a few scattering tests with con- 
stant velocities (not recorded here) show 





that the efficiencies vary substantially as 
illustrated. 








Fig. 5 shows the variation in pressure 
drop for different velocities. It will be 
+ noted that the pressure curve has a 


Efficiency - Per cent. 





characteristic similar to that for the flow 
of steam in pipes. The curves in Fig. 6 
— are plotted from the results of separator 
tests made by Prof. R. C. Carpenter, Cor- 
nell University, on several types of sepa- 

















rator.* These curves are similar to those 
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FIG. 7. DATA FROM 214-INCH HORIZONTAL SEPARATOR, AVERAGE INITIAL PRESSURE, 100 POUNDS 


they will be designated as U, V, W, X, Separator Z: 3-inch horizontal; cur- moisture content of the entering steam, 

Y and Z. rent reversed twice; steam impinges but there is a considerable variation be- 
Separator U: 2-inch vertical; no baf- on horizontal fluted baffle during re- tween the various separators. 

fles; current reversed once. versal, The curves in Fig. 7 are plotted from 

Separator I)”: 4-inch horizontal with The influence of the velocity of the the results of tests at the University of 

single baffle plate of the fluted type; steam steam on the efficiency of separation is 

current reversed once. shown in Figs. 2 and 3. It will be noted 


Separator IV: 4-inch vertical with two that (the quality of the entering steam 


Michigan on a 2%-inch Greenaway sepa- 
in *Engincering News, September, 1891, p. 
33. 
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TABLE 1. 


TEST OF 2}-INCH GREENAWAY 


STEAM SEPARATOR. 
(‘The Engineer,’’ March 15, 1906.) 





- | Steam Passing, 
Lb. per Hour 


in 


ae 
| 


Velocity of 
Dry Steam 
Ft. per M 


| 


3460 


Moisture in 
vo} Steam Enter- 


ok SE 8 0 dl ll od 


~ 
for) 





| 
| 
| 
| 


eNO 





2 Ba .| om. 
_ Sag ue 
43 | 2235| 88 
“2 | 62a8| és 
x | So" 8 | Es 
& om olen 
-w 
00 | 0.00 | 100.0 
41 | 0.25 89.4 
69 0.50 75.5 
77 0.75 61.2 
45 1.25 36.4 
66 | 1.30 30.8 
51 1.30 25.4 
71 1.35 10.0 








*Calculated by means of formula (4). 
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rator.** The quality of the steam leav- 
ing the separator remains practically con- 
stant for a wide range in capacity. Plot- 
ted on the velocity and efficiency basis, 
however, the efficiency drops off rapidly 
with the increase in velocity. An inspec- 
tion of the “quality” curves shows that 
although the moisture leaving the sepa- 
rator is very small, the weight of mois- 
ture entering also small. In _ other 
words, only a small portion of the water 
is elinfinated. 

Tables 1, 2, 3, 4 and 5, taken from the 
tests of separators of various types and 
by different investigators, show a de- 
creasing efficiency with increase of velo- 
city. The efficiencies in these tables are 
high, but it will be noted that the veloci- 


is 











TABLE 2. 


TEST OF A 2}-INCH DETROIT 


STEAM SEPARATOR. 
(Power, January, 1902, p. 14). 

















TABLE 5. EFFICIENCY TEST OF SIX 
STEAM SEPARATORS. 
(‘Engineering News,’’ September, 1891, p. 233). 



































Quality of | Quality of 
‘. Make of Steam Steam Efficiency 
a Pr ia a on Separator. Before. After. Per Cent. 
ZS COES Ow Ow : ——_— — — | — — — | —— — | —— 
2%: | 232 | 28s PEE 33 aie 97.5 99.0 60.0 
s2| SZ 33% =S3> a3 DY ccc aces 96. 97. 
esx | 88 | S58 a3 oe  Pereerer 98.1 98.5 21.1 
ae Or. oe a fed A [=i Ee 97.7 97.9 8.7 
ir Pas BA ae ee 95.6 95.8 4.5 
n Sn Sen 98.0 98.0 0.0 
pe | See ee —_——_——|——_—_ —| —— 
312 540 88.80 | 99.90 99.2 a me “ | 
129 796 8706 99.86 | 99.0 Steam " ith about 10% of moisture. 
450 840 96.00 | 99. 80 95 .5 B ; 87.0 98.8 90.8 
582 1030 90.54 | 99.73 | 97.4 A acta th es ; 90.1 98.0 800 
606 | 1065 90.20 | 99.70 97.2 oo soa | os 50.6 
732 1290 90. 50 | 99 50 95.0 ge ete 90 : 6 93 : - 33 : 0 
798 1420 91.90 | 99 46 93.8 “eas 88 . 9 92. 1 28°8 
855 1570 94.14 | 99.43 90.8 a 88.4 90.2 15-5 
900 | 1505 91.30 | 99.40 a are ees 
~ > es 
1008 Ln5O 04.19 : 7.00 ss Steam with about 20% of moisture. 
78. 98 .§ 94.5 
*Pressure assumed to be 100 Ib. gage for > sete tees +9 : = 8 = 5 
comparison. ‘ ~ se ee anes 17 o7 9 2 
+Calculated by means of equation (4). 5 akernaet: => as a 
Be eens 82.4 90.4 45.5 
| eRe ene 79.300) 87.2 38.1 
TABLE 3. TEST OF A 2}-INCH LIPPIN- ties are comparatively low; by plotting 


COTT SEPARATOR. 
(‘The Engineer,” 1902, p. 547). 
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tz | se | BEE ee Le 
Ps, 2S uw Ses = oo 
os | 828 | 3s 23 | st 
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526 780 24.00 | 99.92 99.7 
747 1400 $4.11 | 99.88 97.3 
994 1560 9.45 | 99.69 07.3 
1368 2640 5.00 99.6 92.4 





Pressure assumed to be 100 lb. gage for com 
parison. 














TABLE 4. TEST OF A LINDSTROM 
SEPARATOR. 


(“The Engineer,”’ June, 1904, p. 439). 








ae BD ec ee ii 
eX |eeke| esd g§ 
Ogs |335°] S55 gs 
SHE | SRES| BB es 
20.0 52.8 0.66 | 98.9 
38.5°-|. 49.5 0.22 99.5 
48.0 |, 38.5 0.42 99.0 
58.0 | 38-5 0.97 97.5 
91.0 |. 39.0 1.20 96.0 
95.0 | 25.5 1.10 96.0 
143.0 14.0 2.11 85.0 











these results and continuing the curves 
to velocities of 4ooo feet per minute or 
more, the efficiencies will fall very low, 
as in Figs. 2 and 3. The practice of 
using separators larger than those de- 
signed for a given pipe size is apparently 
a wise one. 

The conclusions drawn from the tests 
are based upon the performance of only 
a few small separators of different de- 
signs and under 6 inches in size and do 
not necessarily refer all types and 
sizes. 


to 





A remarkable undertaking for the de- 
velopment of electric power is reported 
from Halifax, N. S. An application has 
been made to parliament for a charter 
authorizing the damming of the head of 
the Cumberland basin, the basin of Minas 
and several other streams emptying into 
the Bay of Fundy, with the object of 
utilizing the tidal flow to develop electric 
power for sale in New Brunswick and 
Nova Scotia. There a tidal flow of 
about 4o feet in the Bay of Fundy, from 
which it is believed that an immense 
amount of power can be developed.— 
Mechanical World. 


is 


**The Engincer, March 15, 1906. 
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How the Government Saves 
Money on Coal 


The technologic branch of the United 
States Geological Survey reports that the 
plan inaugurated two years ago by the Goy- 
ernment for the purchase of coal on its 
heating value has resulted in the delivery 
of a better grade of fuel without a corre- 
sponding increase in cost and with, there 
fore, a saving to the Government. At the 
present time, 40 departmental buildings 
in Washington, the Panama _ Railroad, 
more than 300 public buildings through 
out the United States, navy yards and 
arsenals are buying their fuel supplies on 
specifications the prime element in which 
fixes the amount of ash and moisture. 

Premiums are paid for any decrease of 
ash below 2 per cent. from the standard 
at a rate of $0.01 per ton for each per 
cent. Deductions are made at an increas- 
ing rate for each per cent. of ash when it 
exceeds the standard established by 2 
per cent. 

It has been demonstrated by the techno- 


logic branch, which has charge of the 
analyses of the coal, that under these 
specifications the Government has_ been 


getting more nearly what it pays for, and 
paying for what it gets. 

The purchase of coal on specifications 
is but one of the activities of the Govern- 
ment looking toward a more efficient use 
of the fuel resources of the country. Engi- 
neers of the Survey are studying the 
problem in all its phases at the experiment 
plant, in Pittsburg, Penn. The investiga- 
tions, by suggesting changes in furnace 
equipment and in methods of firing the 
coal, are indicating the practicability of 
the Government purchasing cheaper fuels, 
such as bituminous coal and the smaller 
sizes of pea, buckwheat, etc., instead of 
the more expensive sizes of anthracite, 
with a corresponding saving in price. The 
fuel bill of the Government now aggre- 
gates about $10,000,000 yearly, the saving 
on which, through securing coal contain- 
ing less ash, alone amounts to $200,000. 

Since the Government has been purchas- 
ing coal on the basis of its heating value 
a growing interest has been manifest on 
the part of manufacturers and the general 
public in this important subject and a de- 
mand has been created for authentic in- 
formation concerning the results accom- 
plished. In response to this demand the 
results of the Government's purchases of 
coal under the heat-value specifications for 
the fiscal year 1907-8 have been assem- 
bled in a bulletin just issued by the Sur- 
vey in the hope of promoting a_ better 
understanding of this method of buying 
fuel. John Shober Burrows, the engineer 


in charge of this part of the fuel problem, 
has included in the bulletin a list of the 
contracts with abstracts of the specifica- 
tions for the current fiscal year. 

In explaining the nature of the specifica 
tions, Mr. Burrows says: 
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“Government specifications are drawn 
with a view to the consideration of price 
and quality. For manufactured articles 
and materials of constant and uniform 
quality they generally can be reduced to a 
clear statement of what is desired. For 
coal, however, the variation in character 
makes this impracticable. 

“This lack of uniformity is the feature 
recognized and provided for in the coal 
specifications prepared by the Geological 
Survey. Under these specifications, bid- 
ders are requested to quote prices on the 
various sizes of anthracite, a definite 
standard of quality being specified for each 
size, and to furnish the standard of quality 
with price for bituminous coal offered. 
Awards are then made to the lowest re- 
sponsible bidder for anthracite and to the 
bidder offering the best bituminous coal 
for the lowest price. The specifications 
become part of the contract, and the 
standards of quality form the basis of 


POWER AND THE ENGINEER. 


“Bidders are placed. on a strictly com- 
petitive basis as regards quality as well 
as price. This simplifies the selection of 
the most desirable bid and minimizes con- 
troversy and criticism in making awards. 

“The field for both the Government and 
dealers is broadened, as trade names are 
ignored and comparatively unknown coals 
offered by responsible bidders may be 
accepted without detriment to the Gov- 
ernment. 

“The Government is insured against the 
delivery of poor and dirty coal, and is 
saved from disputes arising from con- 
demnation based on the usual visual in- 
spection. 

“Experience with the old form of Gov- 
ernment contract that it is not 
always expedient to reject poor coal, be- 
cause of the difficulty, delay, and cost of 
removal. Under the present system re- 
jectable coal may be accepted at a greatly 
reduced price. 


shows 


837 


Louis, the Geological Survey began a 
comprehensive study on a practical scale 
of the utilization of coal, J. A. Holmes 
being placed in charge of the work. These 
investigations are still in progress at 
Pittsburg, Penn., and they have resulted 
in making authentic information of great 
practical value available to the public as 
well as to the Government departments. 

This work led up to the development of 
a general and uniform specification plan 
for purchasing fuel 
supply. 


the Government 





A Nuernberg Gas Engine Running 
on Mixed Gases 


By J. B. Van BrUSSELL 

the 
English steel works, a 
Niirnberg type, which 


There recently installed in 


power plant of an 


was 


gas engine of the 

















A QOO-BRAKE-HORSEPOWER NUERNBERG GAS ENGINE 


payment for coal delivered during the 
life of the contract. For coal delivered 
which is of better quality than the stand- 
ard, the contractor is paid a bonus pro- 
portional to the increased value of the 
coal. For deliveries of coal of poorer 
quality than the standard, deductions are 
made from the contract price proportional 
to the decreased value of the coal. The 
actual quality and value of coal delivered 
is determined by analysis and test of 
representative samples taken in a speci- 
fied manner by agents of the Government 
and analyzed in the Government fuel-test- 
ing laboratory at Washington. The 
necessity of paying for coal on a sliding 
scale was fully discussed by D. T. Ran- 
dall in a recent paper.” 

The advantages of buying coal on 
specifications are explained by Mr. Bur- 
rows as follows: 

“The advantages of this system of pur- 
chasing coal may be briefly summarized 
as follows: 


“A definite basis for the cancellation of 
contract is provided. 

“The constant inspection and analysis 
of the coal delivered furnishes a check on 
the practical results obtained in burning 
the coal.” 

A few years prior to the adoption of the 
present system the necessity for a uniform 
standard in the purchase of coal became 
apparent to a few of the Government de- 
partments, and the plan of purchasing on 
the heat-value basis was introduced. It 
proved successful, especially in the treas- 
ury department, under which purchases 
are made for the postoffices and other 
public buildings throughout the United 
States. The treasury department had at 
that time a well-equipped laboratory and 
was thus enabled to do all of the neces- 
sary testing. Other departments were un- 
able to follow the example of the treas- 
ury department because of lack of infor- 
mation and proper facilities. In 1904, at 
the Louisiana Purchase Exposition, at St. 


is giving excellent service on a fuel com- 
posed of coke-oven and blast-furnace gases, 
mixed with air, of course. The engine is 
directly coupled to a three-phase alterna- 
tor generating current at 330 volts and 42 
cycles; this current is supplied directly to 
various motors at the colliery, coke ovens, 
steel works, etc., while for use at the more 
distant points for pumping, basic slag, 
grinding mill, etc., the electromotive force 
is transformed to 3000 volts. The engine 
is of the standard double-acting tandem 
type with cylinders 30 inches in diameter 
and a stroke of 35 y7@ inches; it gives a 
continuous output of 900 
power. At each end of 


brake horse- 
each cylinder 
there are a main inlet valve and an ex- 
haust valve, operated by means of eccen- 
trics; there is also a gas-inlet valve reeu- 
lated by a trip gear, under the influence 
of the which regulates the 
amount of gas in the mixture to suit the 
loaa. 


governor, 
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The engine fuel consists of Io per cent. 
coke-oven gas and go per cent. blast-fur- 
nace gas, the latter being obtained from 
a furnace delivering 120 tons of pig iron 
per twenty-four hours. The furnace is 
provided with only a single bell, and after 
leaving the furnace the gas enters a very 
large dust catcher from which the dust is 
drawn every other day. From the dust 
catcher the gas passes through a main 
164 feet long into the scrubbers, which 
consist of eighteen vertical wrought-iron 
pipes, 15 inches in diameter and 46 feet 
high. The coke-oven gas pipe joins the 
blast-furnace gas pipe before the gas 
enters the scrubbers. Water is injected 
into the condensers twice a week for three 
hours. This serves to remove any dust 
which may have collected there. The 
boxes on which the scrubbers stand are 


cleaned once daily, being flushed out by 


a stream of water supplied through a 
rubber hose. After leaving the scrubbers 
the gas is finally cleansed in a Theisen 
washer before passing to the engine. Be- 
cause of the scarcity of water in the 
neighborhood of the works, the water is 
used several times over in the washer, for 
a period of a fortnight. The dirty water 
flows from the Theisen washer to settling 
pools, and the clean water is pumped to 
an elevator tank, whence it flows once 
more to the Theisen washer. By this 
practice the actual consumption of water 
for cleansing the gas is said to be only 
0.25 liter per cubic meter of gas, and 
the quantity circulated is from 1.75 to 2 
liters per cubic meter of gas. The cleans- 
ing is very effective; the content of dust 
per cubic meter of gas amounts to only 
0.013 to 1.007 grams, consequently it has 
been possible to run the engine continu- 
ously for seven months, Sundays excepted. 
One cubic meter of the coke-oven gas 
has been estimated to contain about 2.5 
to 3 grams of sulphur. To reduce this sul- 
phur, which has an injurious effect on 
the exhaust pipes, etc., a special purifying 
plant has been installed which reduces 
the sulphur to less than 0.25 gram per 
cubic meter. 

Each time the blast-furnace bell is low- 
ered the pressure of the gas falls from 
4.5 inches of water to zero, rising again 
as soon as the bell is closed; but not with- 
standing this, the gas engine has run very 
regularly, and the governor has been able 
to deal with all the variations of gas 
pressure and composition, The calorific 
value of the mixture is from 125 to 135 
B.t.u. per cubic foot. If a tuyere at the 
blast furnace has to be changed and the 
blast taken off, air is admitted to the fur- 
nace through the tuyere peepholes, and, 
the furnace bell being closed, the furnace 
acts by virtue of its natural draft as an 
ordinary gas producer. The quantity of 
gas then delivered is sufficient to supply 
the engine. 

With the exception of a steam engine 
for the blowing plant and one for the 
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rolling mill, there is no steam equipment 
now in operation at the steel works where 
this gas-engine plant is installed, which 
indicates the degree of reliability that is 
confidently expected of the engine. 





Heat Value of Coal from Dulong’s 
Formula, Based on Ultimate 


Analysis 


By N. A. CARLE 





Coal is organic matter that has “under- 
gone chemical changes and to which min- 
eral impurities have been added. The 
chemical changes of carbon, hydrogen and 
oxygen from cellulose through the various 
stages to anthracite is indicated by the 
following table showing the average ulti- 
mate analyses: 








Hydro- 
Material. Carbon. gen Oxygen. 

Per Per Per 

Cent Cent. Cent. 
COMIORO 6 5 is. cco 44.4 6.2 49.4 
Re eae 50.0 6.0 44.0 
EES ore ree 59.0 6.0 35.0 
PN oo ve cugs kc -are a 69.0 5.5 25.5 
Bituminous cdal.... 82.0 5.0 13.0 
Anthracite......:.. 95.0 2.5 2.5 

















These figures show that the transforma- 
tion is accompanied by an increase in the 
percentage of carbon and a decrease in 
the percentages of hydrogen and oxygen. 
Sulphur and nitrogen are usually present, 
especially in bituminous coal and anthra- 
cite, but in showing the transformation 
of the elements carbon, hydrogen and 
oxygen, the percentages of sulphur and 
nitrogen are not included. The table is 
given merely to show that the elements 
of any fuel will vary in the percentages 
of carbon, hydrogen and oxygen. 

Ordinary fuels contain foreign matter 
usually classed as impurities, consisting of 
moisture, nitrogen, sulphur, ash, dirt, etc. 
Of these, the sulphur has capacity to pro- 
duce heat, but the nitrogen is inert and 
is usually classed with the moisture, ash, 
dirt, etc., as impurities. 

The heat value of a fuel may be de- 
termined with more or less accuracy by 
any one of three methods, namely, chemi- 
cal analysis, combustion in a calorimeter, 
or actual trial under a steam boiler. The 
first two methods give what may be called 
theoretical values and the third the prac- 
tical value. The accuracy of the first two 
methods depends on the precision of the 
method of analysis or calorimetry adopted 
and upon the care and skill of the opera- 
tor. They give with considerable accuracy 
the heat value which may be obtained un- 
der the conditions of perfect combustion 
and complete absorption of the heat pro- 
duced. 


The results of the third method are sub- 
ject to numerous sources of variation and 
error, and may be taken as approximately 
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true only for the particular conditions un- 
der which the test is made. There may 
be more or less imperfect combustion and 
numerous and variable losses. It may 
give the highest practical heat value if 
the conditions of grate area, draft, heat- 
ing surface, method of firing, etc., are the 
best possible for the particular fuel tested, 
and it may give results far beneath what 
can be accomplished if the conditions are 
adverse or unsuitable to the fuel. 

This article is intended to cover only 
the determination of the probable total 


heat of combustion from the chemical 
analysis. The calculation of the heat 
value of any fuel from the chemical 


analysis assumes that the heat value of 
the fuel will vary in accordance with some 
definite law based on the relative amounts 
of carbon, hydrogen, oxygen 
purities. 

The total heat of combustion of any 
fuel is approximately equal to the sum of 
the heat values which could be produced 
separately by the combustion of its con- 
stituent parts. When oxygen and hydro- 
gen are present in the proportion of one 
part of hydrogen to eight parts of oxygen, 
by weight, water is formed and _ these 
constituents have no effect in making up 
the value of the total heat of combustion. 
If a large quantity of water is thus 
formed, the latent heat of its vaporization 
must be deducted from the probable total 
heat of combustion. However, for the 
commercial fuels ordinarily encountered 
in the regular market, the heat necessary 
to vaporize the amount of water formed 
during combustion can be neglected. 

The formula in general use is that 
known as Dulong’s formula and is as 
follows: 


QO =14,500 C + 62,000 (7-2) + 
4000 S,- 


and im- 


where 

QO=B.t.u. per pound of fuel, 

C = Percentage of carbon by weight per 

pound of fuel, 

H = Percentage of hydrogen by weight 

per pound of fuel, 

O = Percentage of oxygen by weight 

per pound of fuel, 

S= Percentage of sulphur by weight 

per pound of fuel. 

The impurities consisting of moisture, 
nitrogen, ash, dirt, etc., are not taken into 
account directly in the formula, but the 
percentages of the constituent parts in the 
formula are those per pound of fuel and 
their sum will be less than ‘too per cent. 
by the amount of the impurities which are 
considered inert. 

The chart on page 839 is intended to 
show graphically the heat value of fuel as 
calculated by Dulong’s formula. It is to 
be noted that the oxygen values subtract 
from the sum of the carbon and hydrogen 
values. This allows for the formation of 
water by the combination of hydrogen and 
oxygen, if they exist in the proper pro- 
portion. The added heat value due to the 
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sulphur is small because the percentage 
of sulphur is usually small and its heat 
value is low. In fact the sulphur can 
usually be neglected. The chart indicates 
very clearly that the elements carbon and 


hydrogen are the governing factors in the 


heating value of any fuel. 


EXAMPLES 


(1) If the ultimate analysis of a bitu- 
minous coal showed the following pro- 
portions, by weight, what would be the 
heat value per pound of this coal accord- 
ing to Dulong’s formula? 


Per Cent. 
RSA era ate ae 70 
eee er ae 5 
EN Se a ree S 10 
RSE RE Say ere 2 
OI 6.6.5.5 sre 6S ee ene ack 123 

100 


Starting with 70 per cent. carbon, on 
the horizontal scale, read up to 5 per cent. 
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Sewage and Brown Coal as Fuel 


By R. W. Rocers 


An interesting departure in the use of 
lignite, known as jiinger braun kohle, is 
exhibited in the city electric-light station 
of Copenick, a town near Berlin with a 
population of some 30,000 and containing 
a number of factories, such as nitric-acid 
works, die works, washeries, etc. About 
three years ago it was decided to in- 
stall an electric-light plant, and after 
careful consideration conclusions were 
reached to make some use of the city sew- 
age waters as a possible fuel medium, 
and at the same time eliminate the con- 
tamination of the neighboring river water. 
In the process finely ground coal is used 
as a deodorizer in connection with a clay 
containing sulphur, aluminum sulphate, as 
a cleansing agent. Thus the object of the 
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hydrogen, then across to 10 per cent. 
oxygen, then down to 2% per cent. sul- 
phur and across to approximately 12,600 
B.t.u. per pound of coal. 

(2) Suppose the ultimate analysis of 
a semibituminous coal showed the fol- 
lowing values by weight: 


Per Cent. 

EIN ca shite dc atartheia ae argo 80 
MMM 5 ca. 5 6 acrae aya Wsarerecee 5 
ME ira". Seren, Sita eterbea:aiehesocute 8 
INE vx tasacta tity acd cctos areca 0 
pO Re ee 7 
100 


What would be the heat value per 
pound of this fuel according to Dulong’s 
formula? 

Starting with 80 per cent. carbon, read 
up to 5 per cent. hydrogen, then across to 
8 per cent. oxygen, then down to o per 
cent. sulphur and across to approximately 
14,100 B.t.u. per pound of coal. 
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COPENICK PLANT 


plant was to clean the waste water and 
give a practical use for the brown-coal 
dust, which otherwise is of very little 
value. The coal dust used is simply mine 
screenings with a chemical analysis of 
61.5 per cent. carbon, 5.5 per cent. hydro- 
gen, 33 per cent. oxygen and a heating 
value of gooo B.t.u. per pound. 

A summary of the process is as fol- 
lows: The brown-coal screenings are 
ground up fine and mixed with clear 
water to form coal pulp. This pulp is 
led by gravity to the intake of the sew- 
age water, and mixed in the general ratio 
‘of one pound of coal to 8 cubic feet of 
sewage water. This solution is pumped 
by centrifugal pumps to an open conduit 
provided with numerous baffle walls and 
with a sufficient incline to reduce the 
initial velocity of about 9 feet per second 
to less than 1 foot per second at the out- 
let. Near the entrance to the conduit the 
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which is in the 
in the proportion 


sulphur clay is added, 
form of a liquid mixed 
of one pound of clay to 16 U. S. standard 
gallons of water. This solution flows by 
gravity from elevated mixing tanks, and 
I cubic foot of the solution to 75 cubic 
feet of sewage is admitted to the con- 
duit. The final mixture continues a zig- 
zag path around the baffle walls, which 
gradually reduce its velocity of flow be- 
fore it enters the clearing basins. 

These basins are three in number and 
are approximately 7oo feet long by 150 
feet wide, with a slope of about 1 foot 
in 200 feet. In these basins a rapid set- 
tling takes place, leaving the water practi- 
cally clear. It is then conducted to the 
neighboring river free from all contami- 
nating ingredients. The three basins are 
used as follows: One is being filled while 
the second is allowed to evaporate and the 
third is being cleared of its schlammkohle, 
as the product is called. In summér a 
basin is cleared every three weeks, while 
in winter it generally takes from five to 
six weeks to obtain the product. 

The product obtained from the basins 
looks like brown coal and is handled very 
easily, being dug out and carted to the 
storage bins. Owing to the moisture con- 
tent, which varies from 25 to 35 per cent. 
in summer to 60 or 70 per cent. in win- 
ter, a correspondingly greater or less 
amount of brown coal is burned with it. 
On the average one pound of brown coal 
1o four of the schlammkohle is used in 
summer, while in winter it is necessary 
to burn half as much coal 
schlammkohle. The grate is composed of 
narrow slanting bars, and the resulting 
ash is hard, but easily removed. The 
product naturally varies in heating value 
from time to time, depending on what 
factor is most active during the period of 
settling, and as a consequence no definite 
figures can be given. 


brown as 


Commercially, the plant is reported as 
being highly the cost of 
operation per kilowatt-hour being 1.25 
cents, while the fuel cost is 0.25 cent. 
The electrical plant consists of three roo00- 
kilowatt turbo-generators. As to the 
waste-water end, the plant has a capacity 
of from 1,000,000 to 1,769,000 cubic fect 
of waste water per day of 24 hours, 
and its initial cost in round figures was 
about $36,000. The plant has been in 
operation since April 18, 1907, and in its 
operation requires six firemen, six engi- 
neers and one man to tend the water- 
clearing end, the entire force working in 
eight-hour shifts. 


satisfactory, 


A few other items in connection with 
the waste-water plant will undoubtedly be 
of interest. The time of properly mixing 
200 pounds of the sulphur clay is one 
hour; 5.35 cubic feet of coal pulp gives 
one pound of schlammkohle ; 350,000 cubic 
feet of waste water gives from 65 to 90 
pounds of schlammkohle. The average 
percentage of sulphur in the resulting 
product is 16 per cent. 
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Catechism of Electricity 





1041. Show a diagram which illustrates 
this last method applied to two induction 
motors. 


Fig. 289 illustrates this case. The stator 
winding of the motor b is connected in 
series with the rotor of the motor a, which 
consequently starts with a strong torque. 
The motor b receives its current at a re- 
duced frequency and therefore starts also 
with good torque. 


1042. How is one to know the kind of 
work that can economically be performed 
by an induction motor? 


An induction motor works well where 
it can run at full speed with a load that 
requires to be started only occasionally. 
It will usually be economical and satis- 
factory when applied to the same kind of 
work that could be done well by a direct- 
current shunt-wound motor. When work- 
ing at or near full load and at constant 
speed the efficiency and power factor of 
an induction motor are at the best. 


1043. In what respect is an induction 
motor preferable to a synchronous motor? 


It requires less attention. 


1044. What effect does an induction 
motor have upon the current in the circuit 
on which it is running? ; 

It causes the current in the supply cir- 
cuit to lag behind the voltage and there- 
fore impairs the power factor of the cir- 
cuit. 


1045. What effect does a synchronous 
motor have upon the current in its supply 
circuit? 

It produces a leading current if work- 
ing under a steady load and with strong 
field excitation. If, therefore, synchronous 
motors are connected to the same line 
with induction motors the leading currents 
produced by the former tend to neutralize 
the lagging currents produced by the 
latter. 


1046. In starting an induction motor 
by the resistance method, what precaution 
should be observed regarding the starting 
resistance? 

Care must be taken before closing the 
main switch to see that the starting re- 
sistance is not short-circuited ; if the start- 
ing resistance is short-circuited, the motor 
will take excessive current from the line 
and it may not start at all. 


1047. How long should the starting re- 
sistance be left in the motor circuit? 

Only during the starting period. As 
the motor comes up to speed the resist- 
ance should be gradually cut out, and each 
step of the cutting-out process should be 
only of such duration as will permit the 
motor to come up to the maximum speed 
for that step. At the final step, the rotor 
winding is practically short - circuited 
through the brushes. The total time for 
starting should not exceed thirty seconds. 
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1048. JVhen resistance is used for con- 
trolling the speed of an induction motor, 
cannot this resistance be left in the arma- 
ture circuit as long as desired? 

Yes, because this resistance is specially 
designed to carry the full current con- 
tinuously. 


1049. What effect upon the normal out- 
put of an induction motor has the resist- 
ance generally used for speed control? 

A motor designed for 50 per cent. speed 
control usually has a resistance of ample 
capacity to reduce the speed to 50 per 
cent. of normal without affecting the nor- 
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FIG, 280. ARRANGEMENT FOR STARTING AN 
INDUCTION MOTOR AT LOW FREQUENCY 


mal full-load torque. The horsepower out- 
put of the motor at the lower speed is 
therefore 50 per cent. of the normal out- 
put and varies in about the same propor- 
tion for other speeds less than normal. 


1050. Jf an induction motor fails to 
start, what may be the cause of the 
trouble? 

A broken wire or faulty connection. 
The current fails or is shut off at the sta- 
tion. Excessive friction in the bearings. 
A blown fuse. The main switch open. A 
heavy overload. 


IOST. 


In case the motor stops during 
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operation, where the trouble be 


found? 


may 


The same defects given in answer to 
1050 will cause a motor to slow down or 
stop during. operation. 


1052. What important points must be 
considered in the operation of induction 
motors in which the starting resistance ts 
introduced in the armature circuit through 
contact rings and brushes? 

The contact rings should be kept clean. 
The brushes should make proper contact 
with the rings when the armature is at 
rest and should be clear 
the armature reached its normal 
speed. New brushes should be installed 
as soon as there is any danger of the 
brush-holders striking the rings, and they 
should be sandpapered to the shape of the 
ring so that contact will exist over the en- 
tire face of the brush. 
will 


of them when 
has 


Failure to do this 
contact and sparking, 
which soon pits the rings and necessitates 
turning them down to a smooth surface. 
A little sparking at the brushes and some 
noise when starting, however, should not 
occasion alarm, as this lasts but a short 
time and ceases when the armature has 
come up to speed and the contact between 
the rings and brushes has been broken. 


cause poor 


1053. If it becomes necessary to take 
out the armature, what precautions should 
be taken in handling it? 

Do not pick up the rotor with a sling, 
unless it has a spreader to keep the rope 
or chain from injuring the winding. Do 
not take out the rotor and set it on the 
floor without placing a thick, heavy pad 
under it, or else supporting it by blocks 
under the shaft so that the rotor core is 
clear of the floor. 


IVhat 


trouble? 


1054. mechanical Cecfects 


cause 


may 


The bearings may become worn and 
need renewing, in which case the rotor 
may strike the stator core. The bearings 
may become scratched and roughened by 
grit or dirt in the oil. If any such for- 
eign matter is seen, the bearings should be 
cleaned and the oil renewed. In no case 
should old oil be used without filtering it. 


1055. What special attention should be 
given the starting switch or handle? 

It must not be left in the “starting” 
position while the motor is connected to 
the circuit. It must be placed in the “off” 
position when the motor is shut down. 


1056. Js water or oil injurious to the 
windings ? 

Tt is, and it should not be allowed to 
accumulate on them. 


1057. What is frequently the cause of 
oil coming in contact with the windings? 

Leaky bearings caused by the ojl being 
too high in the bearings, the armature 
shaft not being level, or the end plate on 
the bearings not being properly sealed. 
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Decrease in Weight of Lignite in Transit 


Results of Experiments with Texas Lignite to Determine Changes in 
Weight and Heat Value Due to Temperature and Humidity Conditions 





BY 


There has been more or less conten- 
tion between shippers and consumers of 
lignite concerning shortage in weights of 
carloads delivered, and I believe that such 
contention is in many instances due to 
misunderstandings, first, as to the neces- 
sary decrease in weight that must occur 
in transit due to the properties of the 
lignite and, second, as to the fact that a 
smaller weight of lignite at the consum- 
er’s plant as compared with the weight 
at the mine does not necessarily mean 
that the consumer has lost money in pro- 
portion to the shortage; on the contrary, 
the fact seems to be established by data 
and results that follow that the consumer 
is actually the gainer in the transaction, 
provided the loss in weight is not ab- 
normal. 

My attention was first directed to the 
matter because of a shortage in weights 


of carloads of lignite furnished to the ~ 


University of Texas by various lignite 
dealers, and in order to obtain satisfac- 
tory information on the matter an attempt 
was made to calculate the approximate 
decrease in weight that should occur in 
transit and, by testing the lignite under 
different conditions, to determine the loss 
in heat units due thereto. Through the 
courtesy of F. E. Merrill, of the Bastrop 
Coal Company, I was allowed to inspect 
the mine at Glenham, Tex., and on April 
II, 1908, personally obtained from three 
different localities in the mine samples 
of lignite as it was being picked out by 
the workmen. The writer himself placed 
the samples of lignite, selecting some 
lumps and some fine material, in glass 
jars which were sealed in the mine and 
taken in that condition to the University 
of Texas. I also went with the superin- 
tendent of the mine and the pit boss over 
the principal portion of the mine, and in 
no case found water in any considerable 


quantity. Probably not more than a 
bucketful of water was seen anywhere 
in the mine, although there was, of 


course, some moisture in the air. 

The lift from which the samples of lig- 
nite were taken was about 87 feet below 
the surface, and the mine was satisfac- 
torily ventilated. The lignite was picked 
out with no evidence of any blasting hav- 
ing been done, and the layer of lignite, 
which varied from about 3 feet to 5% 


feet in thickness, everywhere showed 
good, clean coal. No seams of dirt or 
rock were observed anywhere interlain 


with the lignite, and the latter, as brought 


ARTHUR 


°F 


to the surface in small cars by the eleva- 
tor, is clean lump, requiring no screen- 
ing, and is loaded directly into cars, 
weighed on railway scales and shipped., 


MoIsTURE 


The three samples of lignite which 
were taken from the mine to the uni- 
versity were tested for moisture content 
immediately after the jars were opened, 
with the following results: 

No. 1. Moisture evaporated in one hour 

by heating at 104 to 107 degrees Centi- 

ERE R nS ie a ee EAS Se 28.2% 
No. 2. Moisture evaporated in one hour 

by heating at 104 to 107 degrees Centi- 

vg EY eC ET ae en ae Te 28.0% 
Moisture evaporated in one hour 
by heating at 104 to 107 degrees Centi- 

WN oro Soo ea ois seea alae <6 sea eu 32.2% 


A lump of the lignite was soaked for 
twenty-four hours in water, and subse- 
quently a test for moisture, made as for 
the other samples, showed 39.1 per cent. 
moisture. This indicates that, taking the 
average of moisture content of the titree 
samples from the given data, amounting 
to 29.4 per cent., it is possible for the lig- 
nite to contain 9.7 per cent. more moisture 
than it does contain after it is taken di- 
rectly from the mine, under the general 
conditions of this particular mine. 


CALORIFIC VALUE 


Two attempts were made to obtain the 
calorific value of samples containing 28.2 
per cent. moisture as it came from the 
mine, but each of the charges exploded in 
the open calorimeter before a determina- 
tion could the 
Sample: No. 
2, containing 28 per cent. moisture, was 


because of 
amount of moisture present. 


be made, 


then tried, and a determination was made 
which showed 7574 B.t.u. per pound. It 
was evident that the amount of moisture 
with which a determination could be 
made was at the limit for the 28 per cent. 
value, and the other samples were there- 
fore not investigated farther in that re- 
spect. The B.t.u. of the three 
samples, when a portion was dried at 104 
to 107 degrees Centigrade for one hour, 
was 11,003 per pound of lignite. 


average 


Loss sy Arr DryINnc 


A portion of each of the three samples 
previously referred to was placed in a tin 
box, open at the top, and the boxes placed 
in the thermometer and hygrometer house 
of the meteorological station at the uni- 
versity. Each sample was weighed twice 
a day for several days, and once a day 
thereafter for nearly two weeks, an ac- 


sCOTT 


curate record of temperature and hu- 
midity conditions of the air being kept by 
means of a recording thermometer and a 
recording hygrometer placed close to the 
samples. At the end of the test period 
for the evaporation of moisture from the 
samples, the average values of tempera- 
ture and humidity were ascertained; the 
charts upon which were recorded the 
values of humidity were checked with a 
polar planimeter in order to obtain an 
accurate average of the humidity during 
the time that the lignite was exposed, and 
the results agreed very closely with the 
average of the records of humidity made 
ach time that the samples were weighed. 

The lignite which was exposed in the 
three samples consisted of lump and mod 
erately fine material which was intended 
to be as nearly as possible an average of 
the quality of the coal as loaded upon the 
cars. The* weights taken in the beginning 
for each of the three samples were as 
follows: 


1 ON SN ee ee rae ear 268.80 grams 
he RE a eee ne ee 315.65 grams 
Mics acne dis wiacceetme area creed 308.70 grams 


The percentage of loss of each of the 
samples was found to be very nearly the 
same as on the remaining lignite, so that 
an average is given in the following table 
of the loss for the three samples. The 
table also gives the average humidity and 
the temperature corresponding for the day 
when readings were taken and the per- 
centage of loss calculated: 


1 83 75 2.47 
2 84 ried 4.73 
3 93 68 6.94 
4 95 66 6.72 
5 83 70 8.15 
6 rid 74 9.51 
7 82 75 11.11 
8 67 71 12.58 
9 59 67 15.76 
10 69 69 18.52 
11 69 67 19.48 
12 59 63 20.61 
Average temperature for 
_. £.... aaa 72 degrees Fahrenheit 
Average temperature for 
twelve days of test.... 70 degrees Fahrenheit 
Average temperature for 


one year previous to 
date of making test.... 
Average humidity for 
twelve days of the test. 
Average humidity for 
month of April, 1907... 
Average humidity accord- 
ing to ‘Monthly Weath- 
er Review,” for one year 
previous to date of mak- 
| eee os wea 


66 degrees Fahrenheit 
75 degrees Fahrenheit 


73 degrees Fahrenheit 


73 degrees Fahrenheit 


It will be obvious that the temperature 
and humidity conditions under which the 
test was made were about the same as the 
average over a year’s time, and therefore 
they are fortunately of value in calculat- 
ing the average loss due to evaporation 
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throughout the year. The table shows 
that on the fourth day of the test there 
was a slight gain in moisture over that 
oi the day previous, but this is due, with- 
out doubt, to the high humidity, the aver- 
age being 95 for that day. 

After exposure to the air, as de- 
scribed for twelve days, during which 
time the average’ loss of the samples was 
20.6 per cent., determinations were made 
of heat values, and an average of 9964 
B.t.u. per pound obtained. The heat 
values obtained for the dry lignite (dried 
for one hour at 104 to 107 degrees Centi- 
grade) averaged 11,003 per pound, as al- 
ready stated. The data given as to the 
calorific value of the lignite as a whole 
show that it is very desirable to deter- 
mine the precise moisture content of the 
fuel when comparing determinations of 
B.t.u. per pound, since the greater the 
amount of moisture contained in the 
lignite when the calorific test is made, the 
lower will be the number of heat units 
per pound. 


WeEIcuT Lost 1n TRANSIT 


The specific gravity of average lignite 
appears to be about 1.25, which would 
make the weight of a cubic foot about 78 
pounds. The size of a car marked “For 
Lignite Only,” with a rated capacity of 
80,000 pounds, was found to be 34 feet 4 
inches long, 4 feet 2 inches deep and 8 
feet 6 inches wide. Assuming that the 
lump fuel, as loaded upon the car, allows 
more or less air to circulate to a depth of 
6 inches, the number of cubic feet so 
affected would be 146, and 146 cubic feet 
of lignite weighing 78 pounds per cubic 
foot would amount to 11,388 pounds. <Ac- 
cording to the table, 2.47 per cent. of 
moisture is lost on the first day, or 281 
pounds. After the second day the loss 
would be nearly twice the amount, and so 
on up to the twelfth day, when there 
would be a total loss of something more 
than one ton on a 4o-ton car. 

It must be remembered in this connec- 
tion that the samples which I exposed 
were standing still, while the lignite on a 
car is moving for a considerable portion 
of the time consumed in transit, and 
whenever the car is in motion there will 
be a greater rate of evaporation from the 
surface of the coal than if the lignite were 
Stationary for the same length of time. 
How much greater the evaporation would 
be could only be determined accurately 
by experiment, of course. 

Another noticeable and very important 
result shown by the tests is the effect 
of alternate wetting and drying; this 
causes the coal to slack and fall to fine 
material very readily. It is, therefore, 
probable that after a carload of lignite, 
in passing from the mine to its destina- 
tion, is allowed to stand out in the rain, 
and afterward the sun and movement of 

ir over the surface of the car and the 
fuel dry it considerably and then another 


+ 


rain strikes the car, considerable of the 
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lignite which started from the mine as 
lump would be reduced to fine material. 
When lumps of lignite are exposed to the 
air-drying process, but water other than 
the moisture of the air does not reach 
them, they do not fall to powder but re- 
tain their original shape, with the excep- 
tion that fine cracks run in all directions 
through the lumps. Of course the lumps 
can be broken then much more readily 
than before, and as soon as lumps in this 
condition come into contact with water 
they are readily reduced to powdery con- 
dition. 


CHANGE IN HEAT VALUE IN TRANSIT 

Considering, now, the question of rela- 
tive number of heat units which would 
be obtained by the consumer, when the 
coal in transit has been subjected only 
to evaporative conditions, and presuming 
that rain has not fallen upon the coal be- 
tween the mines and its destination, the 
tests show, for one pound of lignite in 
the condition at the mine referred to, an 
average of 7574 B.t.u. per pound. After 
exposure for twelve days 20.61 per cent. 
by weight has evaporated, according to 
the test. If the lignite remained in the 
car for the full length of that time, the 
comparative results would be shown as 
follows: Ina carload (80,000 pounds) of 
lignite having 7574 B.t.u. per pound, there 
would be 605,920,000 available B.t.u. in 
the fuel at the mine. It has been shown 
that for an assumed depth of circulation 
of air of 6 inches for this carload 11,388 
pounds would be affected by evaporation. 
Since 20.61 per cent. by weight would 
evaporate in twelve days, the amount lost 
would be 2347 pounds. This amount sub- 
tracted from the 11,388 pounds leaves 
9041 pounds, which tests to 9964 B.t.u. 
per pound. The number of available heat 
units, then, in the top 6 inches of the 
carload would be 

9041 X 9964 = 90,084,524. 

The remaining weight in the car is 68,612 
pounds, and the available heat units for 
this part of the carload would be 


68,612 & 7574 = 519,667,288 


B.t.u. Then the total heat units available 
in the carload, therefore, would be 
90,084,524 + 519,667,288 

or 609,751,812. Now, the car started out 
with 605,920,000 available heat units, and 
there would be, therefore, a gain in 
available heat units amounting to 4,831,- 
812 B.t.u. on the whole carload, which 
amounts to eight-tenths of I per cent. 

It might appear at first thought that 
there is a mistake here; that the car 
could not possess more heat units after 
it has been out twelve days than it had 
when it started from the mine, and as 
far as the actual heat units contained are 
concerned that is true; the gain is in the 
available heat units; when the lignite 
contains a higher percentage of moisture 
a larger part of the contained heat units 
are used in the evaporation of the mois- 
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ture and are, therefore, not available to 
the consumer for useful purposes. It is 
evident, therefore, that if a carload of 
lignite ts not rained upon in transit, even 
though it be on the road for several days, 
there will probably be no loss in availa- 
ble heat units to the consumer and, more- 
over, the cost of handling the lignite in 
the boiler room is slightly reduced, be- 
cause there is less weight to handle for 
the same number of available heat units 
obtained. 

It is an apparent advantage to the con- 
sumer to unload the cars into bins and 
allow the lignite to dry out somewhat be- 
fore it is used. If the lignite is rained 
upon and slacks as a result, of course 
the loss would occur largely because of 
the fine material falling through the 
grates, and would amount to whatever 
part of the carload is thus wasted. It 
appears that the large shippers and con- 
sumers of lignite might profit materially 
by building rain sheds to protect cars of 
lignite that are likely to remain for some 
days at the termini of the shipping lines. 

The results of the tests above stated 
indicate clearly that a decrease in weight 
in transit is to be expected, and is cer- 
tain to occur, and the tests were carried 
out with such care that I consider that a 
reasonable approximation may be made 
as to the probable amount of such de- 
crease for any given case. Of course, the 
amount lost due to the movement of air 
over the surface of the cars due to their 
motion is indeterminate from the present 
date, and Il intend to pursue the investigation 
farther to clear up that point if possible. 
The assumption of 6 inches as the depth 
to which the air actively penetrated in 
producing evaporation was made after 
consulting several consumers of lignite 
on the point and averaging all opinions 
concerning the matter. 

I purpose to visit other mines, where 
probably the moisture content and calorific 
value of the lignite differ somewhat from 
those at Glenham, repeat the experiments 
already made and make supplementary 
ones, with a view to obtaining results that 
will farther benefit producers and con- 
sumers and tend to exclude unpleasant 
controversy between them. 





Consul Ralph J. Totten writes from 
Puerto Plata that there are very few 
windmills used in Santo Domingo, while 
If Spanish- 
speaking salesmen could be sent to demon- 
strate the utility of the windmill in 
connection with agriculture and_ stock 
raising, a demand could be created. 
Many portions of this country, naturally 
fertile, suffer from lack of moisture in 
This difficulty could be 
overcome by windmill and tank irrigation. 
[The consul forwards a list of firms and 
estate owners who might be interested in 
this line, which is on file in the Bureau 
of Manufactures.]—Consular and Trade 
Reports. 


tanks are more in demand. 


the dry season. 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Packing for Steam Engine Piston 


One of the first metallic piston packings 
consisted of a bull rfng and two packing 
rings, the packing being adjusted by 
means of springs and packing bolts. 

This packing answered its purpose very 
well when the adjusting was done by men 
who thoroughly understood doing so, but 
it was not at all unusual for an engineer 
to put too much pressure on the packing 
springs, resulting in a badly cut cylinder 
and rings. [inally the Z-spring shown in 
the piston, Fig. 1, was introduced. It was 
fast becoming the favorite packing, when 
the “snap-ring” packing was introduced. 
There being no danger of getting too 
much pressure on the packing rings by 
their use, this design of spring soon re- 
placed all other springs for use in large 
cylinders, but for some reason never came 
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into general use in small cylinders. Power, N.Y. 
As compared to the spring packing the FIG. I 
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“snap-ring” type could not be considered 
an improvement. 

As a rule, packing rings of all kinds are 
made from a_ hard, close-grain metal, 
usually iron, but I have seen them made 
from composition metal in a 30-inch pis- 
ton. Regardless of what hard metal they 
are made of, the packing rings will wear 
to a very sharp knife-edge that acts very 
much like a scraper on the walls of the 
cylinder. While the hard metal will give 
lasting qualities to the rings, ‘it will also 
greatly increase the cutting power of the 
sharp edges. 

It is claimed that a ring must be made 
of hard metal or it will not be “resilient.” 
This quality can be given a ring made of 
soft iron by simple round-wire springs, 
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To Exhaust 


FIG, 


IDEAS 


in the shape of rings of the same diameter 
as the inside diameter of the rings. 

One of the first “snap-ring” packings 
brought out had small “ports” for the live 
steam to get back of the rings. It was 
soon discovered that the ports were not 
required, as the live steam got back of 
the rings, anyway. 

Another very objectionable feature in 
snap-ring packing is the shoulder worn at 
each end of the cylinder. 

Fig. 2 shows a design of piston pack- 
ing free from the defects inherent in pis- 
ton packings as now made. In the cylin- 
der is shown a side elevation of a piston 
head in half-section. Leading from th« 
packing-spring space into the passage in 
the piston rod is shown an opening that 
any back of the packing 
rings, due to leakage at the joints of the 
rings, to escape readily, so that at no time 
is there more than the pressure due to the 
springs on the packing rings. The steam 
can be led to the condenser or exhausted 
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into the air. If the steam is led to the 
condenser, the effect of the vacuum on 
the packing must be given some little con- 
sideration when adjusting the springs. 
Any weakness the springs may develop 
can be remedied by shims or liners be- 
tween the’springs and the spider. 

The bull ring and packing rings are 
made to form parallel wedges. This 
allows the packing rings to become self- 
adjusting for wear at the follower and 
spider. I believe the angles of the wedges 
should be more acute than I have shown 
them in the drawing. The packing will 
be much more resilient if the members are 
niade in sections. 

In connection with the half-plan view 
of the piston head is shown a side eleva- 
tion of it, Fig. 1, exposing in half-section 
the shoulder on the spider against which 
the packing springs bear. The groove 
shown in the face of the shoulder is a 
channel for the ready escape of steam 
due to leakage. Fig. 3 shows a distorted 
plan view of two sections of the bull 
ring. 

A. H. HAte. 

Denver, Colo. 





Water Column Connections 





The accompanying sketch shows the 
way the water columns were connected 
in a small plant in Ohio. The old boiler 
was properly connected. When boiler B 
was installed it was passed by the inspec- 
tor before being fired up. As will be 
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connected independently of the 14-inch 
line. 
B. L. MossmMAn. 
Fremont, Ohio. 





The ‘“Snee’’ Wave Motor 


The description of the “Snee” wave 
motor in the March 2 number was very 
interesting. I have read numerous 
articles relating to this device and had 
concluded it was in the class in which 
you put it. 

The accompanying sketch is a mere 
idea, with possibly some features that 
might prove practical. The bottom of the 
wheel would be just above the level of 
the water when undisturbed. I am in- 
clined to think it would at least be as suc- 
cessful as the “Snee” motor. 





End View 


Graft 


I have read with a good deal of interest 
the letters appearing from time to time 
on the subject of graft. Graft permeates 
the whole business fabric regardless of the 
position occupied or the amount of salary 
received by its victim. Engineers are by 
no means the only class who stoop to this 
sort of thing, so that when this subject 
is mentioned as applied to engineers, pur- 
chasing agents, master mechanics, mill- 
wrights, superintendents or what-not, it 
should not cause others who might belong 
to any of these classes to get “mad.” 

That the recipient of graft is dishonest 
and on the same level with the thief, I 
am sure every honest man will admit. It 
seems to me that the blame for this con 
dition of things, which is so prevalent, 
should not rest so heavily on the victim 
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MR. BOLLES’ WAVE-MOTOR IDEA 
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WATER COLUMN 


seen, there is a 14-inch nipple on boiler 
B, in which is a cross with a 1%-inch line 
to the water column, a 34-inch line to 
a whistle and a 1'%4-inch line across to 
boiler A, which is extended to feed a 
dcep-well pump, a boiler-feed pump and 
an injector. It will not be hard to 
imagine how the water acts in the glass 
on boiler B when the boiler-feed and 
deep-well pumps are running. 

With the boiler-feed pump on, the 
water in the glass would show 2 or 3 
inches higher than in the boiler, and 
when the deep-well pump was started the 
water would rise about 5 or 6 inches. 

It is not necessary to say that after the 

iler was put in service it was not long 
hefore the water column on boiler B was 
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CONNECTIONS 


The buckets 7, 2, 3, 4 and 5 are filled 
with water, due to the rising crest of wave, 
or by water falling from the wave crest. 
As the wave passes, the loaded buckets 
gravitate and turn the wheel, the buckets 
being automatically emptied by mechanism 
similar to “feathering” propeller wheels. 
As the wave rises under the inverted 
buckets it will tend to lift and exert power 
in the direction of rotation of the wheel 
as indicated by the arrow. 

The direction of the wave~ motion 
should have no effect upon the operation 
and the wheel could be made to operate 
in either direction by a reversal of the 
buckets. 

FrANK G. BOoLtes. 

Milwaukee, Wis. 


as¢on the supplyman who offers it. The 
desire to obtain something for nothing is 
a trait in human nature which lies pretty 
near the surface and it isn’t to be won 
dered at that many an otherwise honest 
man falls a victim when temptation comes 
to him, 

When I first came to New York I was 
told by a supplyman that I could never 
do business here without graft, and that 
in every deal he figured on a certain sum 
was included as a graft to the engineer or 
mechanic who “had the say” in the trans- 
action. After more than nine years I am 
still able to pay my bills and have no in- 
tcntion of going out of business just yet. 
Merit is the foundation upon which all 
supplies should stand or fall. So long as 
I handle a material having merit above 
that of my competitors I know that I 
can do business without graft. As a mat- 
ter of fact in the dozen years that I have 
been in the supply business I and my 
agents have had very little trouble on this 
score. 

Some of my friends are among engi- 
neers and I am sure they are as “straight 
as strings.” I have no reason to believe 
that the graft evil is any more common 
with engineers than with those who 
occupy positions where the overalls and 
cap are not worn. 

CwHares F. CHASE. 

New York City. 
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Finding Capacity of Tank in 
Gallons 


Recently there appeared a short rule 
for finding the capacity of a tank in gal- 
lons, as follows: “Multiply the square 
of the diameter in feet by half the length 
in inches.” This was followed by the re- 
mark that the result is about 3 per cent. 
too low. This rule-of-thumb, while con- 
cise and simple, gives the result about 2 
per cent. too high. 

The rule is evidently found as follows: 

Let D equal the diameter of the tank 
in feet and L its length in inches; then its 
volume in cubic inches is 


Tv 
— 144 D? L, 
4 44 
Taking 
2 
ie 2 
7 


and dividing by 231, the number of cubic 
inches in a gallon, we have: Capacity in 
gallons equals 

22 X 144 D?L 


= D2 (24 % 
7K 4M 33% D* (35 L) 


The enunciation of the rule is then ap- 
parent from the formula, since 
2 
x§ L 
is almost one-half the length. But if we 
use one-half instead of 34, we get a value 
larger than the true result by 


2 


2 
@ 


That is, the result as calculated is 2 per 
cent. too large. Thus a tank 4 feet in 
diameter, length 18 inches, holds by actual 


calculation 141 gallons. The rule gives 


4X4X9= 14 gallons, 


and if 2 per cent. of this, or 2.88 gallons, 
is taken off we have 141.12 gallons, the 
correct result. 

This may appear to be a small item, but 
its chief trouble is that the rule as given 
made the result appear to lean toward the 
safe side, when in fact it does not. It 
might be assumed in some case coming 
up that the 3 per cent. would be a safe 
margin of allowance and lead to error. 

W. L. Benirtz. 

Notre Dame, Ind. 





Piping a Steam Box 


A steam box used for steaming yarn in 
a woolen mill was a continuous source of 
trouble, wherefore the following changes 
and improvements were made: 

Whenever the door 4 of the ‘box was 
opened, a cloud of steam would escape 
into the room, condensing on the machin- 
ery and rusting it. This was remedied by 
putting a hood B over the box, with an 
outlet through the roof. A slide in the top 
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of the box allows the steam to escape 
through the hood before the door is 
opened. 

Although the door was made of 2-inch 
cypress planks, two heavy iron hooks are 
required to keep it from warping. They 
are made in such a way that the attendant 
can open the box without being burned. 
A valve is required for the live-steam inlet 
at C. The heavy galvanized-iron pans D 
rusted through in a few weeks, so we 
made one of No. 28 gage copper with a 
brass floor flange sweated on the bot- 
tom for the waste-pipe connection. This 
pan was lined with 1 inch of concrete, 
with a piece of heavy-wire screen to keep 
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PIPING A STEAM BOX 
the cement from cracking. Four bricks 
were used to support the box. 

Originally the 1-inch waste pipe was 
connected by 45-degree ells. This pipe 
frequently choked with rust and dirt, and 
it was changed to 1%-inch galvanized pipe, 
connected by Y-branches. Now the pipe 
can be cleaned out by simply removing the 
plugs and using an iron rod. The pipe F 
was outside of the building, and frequently 
froze in winter. This was remedied by a 
bushed coupling at G, with a small pipe 
going through and projecting at F. A 
cup of hot water poured into the coupling 
G melts the ice, and the accumulated wa- 
ter comes down with a rush. 

CHARLES HAEUSSER. 

Albany, N. Y. 








May II, 1909. 


Air Pumps 





One apparent assumption has been, and 
still obtains, that for a given vacuum a 
certain air-pump capacity is necessary, 
without considering in the least the proba- 
ble variations due to the temperatures 
and quantities of circulating water. The 
capacity is usually taken as cubic feet per 
pound of steam condensed. The practice 
that a larger air-pump capacity is neces- 
sary as the vacuum is increased has some 
truth in it, provided the conditions are 
identical, but conditions are the 
factors. 


ruling 


Consider the varying conditions possible 
under which an air pump may have to 
work: The condensed steam may be of 
low temperature or approaching the vac- 
uum temperature, the circulating-water 
inlet may be abnormally cold or very lit- 
tle rise may take place, while the amount 
of air present may be excessive, or it may 
be practically air free, and after this all 
kinds of artificial conditions may be 
created. Another thing of very great im- 
portance is the degree of completion of 
condensation reached by the steam. 

Treating first the influence of the tem- 
perature of the condensed steam, the most 
casual student appreciates the fact that 
the capacity of the pump is increased if 
the temperature of the mixture of vapor 
and water entering the pump is low. An- 
other and probably greater influence of 
this cold water is that of producing on the 
top side of the bucket a vacuum differing 
from the condenser by a greater amount 
than if hotter water were there. This re- 
duction in temperature can be overdone. 


Another great advantage gained by the 
large differences of pressure at the top of 
the bucket and condenser is the resulting 
flow of the air and vapor which has a very 
marked effect upon the results obtained. 
With hot water approaching temperature 
due to vacuum, the vapors also have a 
higher temperature, thus weight for 
weight these have a greater volume than 
cold ones, comparatively reducing the 
volumetric capacity. It is possible to get 
water so hot as to cause any capacity of 
air pump per pound of steam to be too 
small; the vacuum difference between the 
top and bottom of the bucket being very 
small, little flow takes place. 

In the case of incomplete condensation 
a different state of affairs exists, and is 
due entirely to an overloading of the con- 
denser or a shortage of circulating water. 
The effects are soon evident as, assuming 
the water passing to the air pump to be 
cold compared with the temperature of 
saturated steam at the vacuum obtaining, 
it is discharged so much hotter that the 
temperature of the water leaving is as 
high as that of saturated steam at the 
condenser pressure, or even. slightly 
higher. Under these conditions the vac- 
uum will gradually fall off until the con- 
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lenser predominates, or in other words 
‘reates a point of equilibrium. 

Cause and effect here are not hard to 
trace and locate. In this case the falling 
off is due to a large percentage of water 
vapor, which retains its latent heat and, 
being present in the air-pump_ suction 
pipe, gains access to the pump. The con- 
densed steam takes up the latent heat of 
this vapor on the discharge or compres- 
sion stroke of the pump. Thus, a loss of 
possible vacuum takes place from several 
causes under conditions such as the tem- 
perature of the air-pump suction pipe, the 
capacity requisite to deal with the gases 
and the temperature of the vapor on the 
vacuum-forming side of the bucket. 

The cases dealing with the air which 
causes a breakdown in a condenser have 
already had considerable attention drawn 
to them by Professor Weighton, D. B. 
Morison and Professor Josse, but it must 
not be forgotten that the quantity of air 
going into a condenser is not nearly as 
detrimental as the quantity left in. The 
mixture of air and vapor can only be 
withdrawn when the temperatures obtain- 
ing correspond to the mixture at the vari- 
ous vacua and when the inducing action 
is such as to avoid all air-pocketing effects. 
ut these temperatures are not necessarily 
the rules of the situation, as probably in 
many cases they are the sequence of the 
pump’s rarefying capabilities. 

Instances do occur when the pump’s 
capacity and temperatures are such that 
with a very increased quantity of air the 
only apparent difference is the power re- 
quired to work the pump; this indicates 
that under these conditions the pump has 
a percentage of its capacity to spare. 

G. H. Ropinson. 

Hartlepool, England. 





What Ails the Diagrams? 


The accompanying diagrams are from a 
Harrisburg four-valve engine. A number 
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POWER AND THE ENGINEER. 
An Oddly Set Boiler 


The peculiar expedients which must 
often be devised in the erection of power 
apparatus and machinery in places where 
the economical utilization of space is the 
thing most to be desired, or where the 





AN ODDLY 


work must be adapted to adverse condi- 
tions in the shape of narrow and re- 
stricted quarters, insufficient head room, 
etc., are exemplified in the accompanying 
sketch, which shows the method resorted 
to in setting the furnace for a horizontal 
return-tubular boiler, in order that it 
might be crowded into the space set apart 
for a boiler room in the basement of an 
apartment building. 

In all essential details the setting con- 
forms to the usual practice with boilers 
of the type in question, except that the 
exigencies of the job necessitated placing 
the furnace crosswise of the boiler, as 
shown. 

Another objectionable feature of the ar- 
rangement is the close proximity of the 
basement wall to the flue breeching, which 
makes the job of cleaning the tubes par- 












‘lt engineers have examined them, but 
none has arrived at the right conclusion 
what is the matter. 

Wise & Ferry Co, 
Philadelphia, Penn. 
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ticularly annoying, inasmuch as it has to 
be performed with a scraper having a 
handle made up of numerous short joints. 
A. J. Drxon. 
Chicago, Tl. 
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Kerosene in Boilers 


While I do not say that kerosene will 
clean the scale from every boiler, I know 
it got me out of a bad fix at one time. 
1 had only one Manning boiler to run an 
electric plant with. We had a spring that 
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SET BOILER 


supplied partly water enough, with the 
help of a few sink drains. In a_ short 
time we had a pretty dirty boiler, and 
sent some of the water to be analyzed 
and some of the scale to be tested for a 
compound. We used two barrels of the 
compound and the boiler kept getting 
worse. 

One night I took a piece of scale and 
stood it up in a pail with about 2 inches 
of kerosene in it. The next morning the 
scale was so soft tt would not hold to be 
lifted out of the pail. 
kerosene. 


I decided to try 
I made an oil feeder and kept 
it feeding drop by drop, day and night, 
and in about a week the scale began to 
come down in strips anywhere from 4 to 
1 inch thick, and some of it was 2 feet 
long. For two weeks or more I had to 
blow the boiler down after shutting down 
and take a bushel of scale from the tube 
sheet. In a couple of months I had a 
practically clean boiler. 

Now, about the 150 mark on the head 
of the kerosene-oil barrel. That is an un- 
known quantity to any but the makers, 
but even if it does mean 150 degrees, the 
manufacturer most always allows 50 per 
cent. margin, which would give a little 
margin over the 212 degrees (boiling 
point). Even if this is not the case, it 
must be remembered that there are a. few 
hours that the boiler is not making steam, 
yet the kerosene feeder is on the job. I 
think the way kerosene is put in makes 
some difference. I do not think it would 
do any good to pump a gallon in today 
and no more for a week. I also think 
that the solids that cause the scale have 
something to do with it. 

IT have heard that kerosene will cause 
boiler seams and pipe joints to leak. I 
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will not attempt to say that it will not, 
but I will say that I never had any trou- 
ble from it. Even if it did do so, I 
should have said that the oil did a good 
job. While I do not belong to the oil 
trust, I am booming kerosene for boiler 
scale in some cases. 
E. A. Youne. 


Isabella, Tenn. 





Bridgewalls in Theory and 
Practice 


Mr. Wakeman’s Fig. 1 is unquestionably 
wrong, as the wall is too close to the shell 
of the boiler. Fig. 2 is worse, as it would 
undoubtedly, in addition to choking the 
draft, fill to a considerable extent the 
combustion space back of the bridgewall. 
But the engineer referred to was certainly 
right in his theory, his error in Fig. 1 
being in too small a space between wall 
and shell which should be 8 inches in- 
stead of 3% inches. 

Mr. Wakeman says, in effect, that the 
bridgewall is only a barrier to prevent 
firing coal too far back. In-his case and 
in many others he is certainly right, but 
he fails to recognize that it is also pos- 
sible, if properly,done, to make it a great 
aid to combustion, especially in burning 
the gas from “soft” coal. It is also true, 
but to a less extent, in burning “hard” 
coal. 

I. J. Bascock. 

Chicago, II. 





Exhaust Steam for Heating 


On the editorial page of the March 23 
number is an article on the use of ex- 
haust steam for heating. The trouble 
with this idea is that judgment is not 
always used. While it is well known that 
if all the steam that a simple and cheap 
engine will exhaust can be used for heat- 
ing purposes, there are cases where it re- 
quires some foresight in order to use it 
economically. 

One of these cases is the heating of 
buildings through about six months of the 
year. That may require all the steam, 
and during a large part of the remaining 
time exhaust will be going to waste. 
Should the engine be large enough to run 
noncondensing for the winter, it will be 
too large for summer, when running con- 
densing. 

Another point has come under my 
observation. A mill has water and steam 
power. They have the idea that as long 
as the steam is used for heating it costs 
nothing for power and so they do not run 
their wheel in winter, but do all their 
work with the engine, and on warm days 
a great deal of exhaust goes to waste. 

Whether there is saving or loss by this 
proceeding is not known, as they keep no 
record of coal burned and only know that 
at the end of the year a certain amount 
of money has been paid for coal, but as 


‘ning at 120 revolutions. 
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they have been told that exhaust costs 
nothing for heating they carry out the 
practice stated. 

Another case is of a concern that put in 
a condensing engine 18 and 36 by 42, run- 
For some rea- 
son the exhaust from this engine is 12 
inches in diameter. 

With a vacuum of 28 inches in the ex- 
haust pipe, and that pipe being just per- 
ceptibly warm to the hand, at 450 horse- 
power there is but 10 pounds vacuum in 
the cylinder, and at 500 horsepower but 
g pounds. What it will be when the en- 
gine gets its load of 650 horsepower re- 
mains to be seen. The ports of the en- 
gine are about right for 75 revolutions. 

In the vicinity is an engine 16 and 30 by 
42, running at I00 revolutions, with a 
12-inch exhaust. The exhaust is used for 
heating in winter and works well. This 
engine never has had a condenser. 

The first-named concern has been ad- 
vised to expend about $3000 to change its 
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the engine, and the probability is that 
these advisers will some time succeed in 
getting this concern to go-to all this ex- 
pense, because the advisers have not the 
judgment to see that there are limitations 
to all rules. 
W. E. CRANE. 
Broadalbin, N. Y. 





Draining a Main Steam Pipe 


In a certain power plant in which six 
water-tube boilers are being installed, it 
is proposed to dispose of the water of 
condensation from the main steam header 
in a manner which appears to be a some- 
what novel departure from the conven- 
tional practice. Each boiler is to be con 
nected to the header by means of a long 
sweep bend and horizontal lead, as shown 
in the accompanying illustration. It is 
designed to tap the tees, to which the 
leads from the boilers will be coupled, 






































Check Valve 




























20 0 © © © © © 0o 
eoooeo oo 8 8 8 8 8 8 8 8 8 
oo eoooooo ooo 0 
eo oooooo oo 080 0 
90 20002 SSLS OOOO 
j20 0 ° ° ° ° ° 
- 








r 1% 
2’ Main Drain— O 
Globe 
Valve 
ea ~ ee 
_ ip be 
- 1% Pipe 
Power, N.Y. 


DRAINING A MAIN STEAM HEADER 


piping so as to use the exhaust in’ win- 
ter, with the idea that it is 
cheaper to run noncondensing when it is 
possible to use the exhaust for heating, 
and reference is made to the second- 
named concern as using a compound en- 
gine for heating the shop. 

Now the second engine having a 30x42 
cylinder and a piston displacement of 700 
feet per minute will give 3430 cubic feet 
of steam into the 12-inch exhaust per 
minute. The first engine, with 36x42 
cylinder and piston displacement of 840 
feet per minute, will give 5938 cubic feet 
per minute into the 12-inch exhaust pipe. 
The first engine is all choked up, and 
when the condenser is off, it requires 
more extra coal than is required to heat 
the factory; and should the resistance of 
piping for using the exhaust be added, 
when the full load is put on the engine 
it would require new boilers to carry a 
higher pressure to get the work out of 


single 


for 1%4-inch pipe connections, by which 
it is intended the water of condensation 
shall be carried to a 2-inch main drain 
pipe of the same length as the header, and 
running parallel thereto. This drain pipe 
is, in turn, expected to discharge a por- 
tion of its contents into the steam space 
of each boiler in service, through a 1'%- 
inch branch pipe connecting to the drum 
of the boiler, on top and close to the back 
head; each branch being furnished with a 
horizontal check valve and globe valve 
as shown. 

Water accumulating above the check 
valve to the hight of the main drain pipe 
will have a head of about 20 inches, and 
it is expected that the pressure, due to 
this head, will be sufficient to compensate 
for whatever disparity may exist between 
the steam pressure in the drum and the 
steam pressure in the header. 

A. J. Drxon. 

Chicago, II. 
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Cause of Engine Wreck 


After reading the article in the March 
23 number, on “A Cause of Engine 
Vreck,” by W. E. Crane, I should like to 
ask if, in running a Corliss engine with 

omentarily heavy loads and then having 

1 the load suddenly thrown off, there 

ould not be a checking in the speed of the 
cngine before the governor would drop 
‘rom its highest plane to the point where 
the intake valves would again open to 
admit steam ? 

This has been my experience, and I find 
a Corliss engine to be much steadier and 
still not get enough steam to produce mo- 
tion on no load, with about 1/16-inch 
valve opening for small- or medium-sized 
engines. 

The governor being blocked to its high- 
est position on a Murray-Corliss engine 


with which these tests were made, the’ 


cam rods would, of course, be adjusted in 
reverse of the one spoken of in Mr. 
Crane’s article, on account of the inside 
opening of the steam valves. 

Leroy H. WuHeEart. 


Redfield, S. D. 





The Valve Leaked 


The accompanying diagrams were taken 
from a 14% and 23 by 16-inch tandem 
compound engine direct-connected to a 
200-kilowatt 250-volt three-wire generator, 
designed to operate at 250 revolutions per 
minute. 

When the diagrams were taken the gen 
erator was running as a two-wire machine 
connected to the outside busbars. The en- 
gine was governed by a single-weight shaft 
governor attached to the high-pressure 
valve only. The low-pressure valve was 
connected to an eccentric on the inside hub 
of the wheel, having the same travel at all 
speeds. The engine and generator were 
not new, nor were they designed to oper- 
ate together, but were purchased to help 
over the fall and winter peak loads. The 
engine was first sold for a condensing 
unit, and when first started up the speed 
would drop way down when any load was 
applied. The speed was increased to 268 
revolutions per minute at no load and 
would drop to 239 with a small load. The 
exhaust was piped to the atmosphere and 
the usual treatment of taking off and add- 
ing weight and tension to the springs was 
tried, as well as new leaves in the spring, 
but “nothing doing.” A new spring of 
heavier leaves was put in in place of the old 
one and a strip of iron ™%4 inch wide was 
riveted to the exhaust side of the low- 
Pressure valve, and when starting up with 
a light load the receiver gage would show 
a vacuum until the ammeter read 200 am- 
beres, The diagram, shown in Fig. 1, was 
‘nen taken. 

Between the high- and low-pressure cyl- 
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inders there was a brass sleeve, grooved 
spirally, 144 inch deep, intended for pack- 
ing. The low-pressure cylinder was taken 
off and we found this sleeve to be badly 
wern on the lower side. Repairs were 
made by putting soft packing in place of 
the brass, and on starting up again the dia- 
grams, shown in Fig. 2, were taken. By 
comparing the diagrams in Figs. 1 and 2 
an idea can be had of how much steam 
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FIG. I 


was leaking through from one side of the 
high-pressure cylinder to the low-pressure 
exhaust. The valves had been set to even 
up the high-pressure cylinder load some 
time on the start. 

Next we adjusted the’ high-pressure 
valve, which was some improvement, and 
we ran through the winter that way, when 
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FIG. 2 


I found in run- 
ning this engine that the initial pressure 
would drop with the load, something I 
never saw in an automatic governor en- 
gine. I supposed that all automatic gov- 
ernors admitted steam at nearly boiler 
pressure. The engine showed better effi- 
ciency at half load than full load. 
Murray THOMPSON. 
Jamestown, N. Y. 


the unit was disposed of. 
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An Engine Accident 


In the March 23 number, Thomas Shee- 
han describes an engine accident and 
throws a little light on a deplorable con- 
dition. Without going into a discussion 
of the merits of his indicator diagrams, 
it is safe to say that a piston rod should 
have sufficient area to withstand full 
hoiler pressure when applied to the pis- 
ton. The pressure applied to the piston 
can never exceed that point, except in 
case of water being trapped in the cylin- 
der, or similar accident, and if the rod is 
large enough safely to handle that pres- 
sure, it is not clear how any failure of 
the low-pressure cylinder to carry its 
share of the load could jeopardize the 
high-pressure rod. If the engine carried 
steam full stroke on the high-pressure 
side and the low-pressure side were un- 
coupled entirely, the engine could be ex- 
pected to make a very creditable struggle 
to continue rotation until overcome by 
the load. And even if blocked in this 
condition, and the steam valve thrown 
wide open, there could not be any possi- 
bility of tearing the rod asunder. 

It would be very easy to show that 
the one-third af the rod remaining was 
sufficient to pull the load, but it will be 
hard indeed to find an engineer who does 
not know that such an argument could 
be presented only by persons either too 
ignorant of the practical side of mechan- 
ics or too crooked to do business. 

When a blacksmith wishes to cut a 
piece of steel bar which does not need a 
clean cut, he usually “marks” or “nicks” 
it on the “hardy” at the point he wants 
it to break. A few blows on the end soon 
breaks the bar in two. To do this does 
not require any such application of power 
as would be required without the mark. 
It will be seen that the piston rod under 
discussion followed this same cycle of 
events, as, being marked by an_ initial 
crack, each stroke of the engine central- 
ized the slight deflection of the rod on 
this weakened point, and if the rod were 
twice its diameter it would be only a mat 
ter of time before it broke. 

If I were a manager, in a similar case I 
should give the 
chance to explain. 


engineer-in-charge a 
I would get from him 
the thing I was paying him for—expert 
knowledge on a_ special subject. If 
through lack of proper command of lan- 
guage he failed to make himself clear, I 
would consult with an outside specialist 
of established reputation. In doing so as 
a manager, not an engineer, I would not 
feel that I was displaying a lack of wis- 
dom with a subject out of my line. 
H. R. Haprrevp. 
Newark, N. J. 





A New York dentist was seriously in- 
jured by the explosion of a heating boiler 
in the basement of his house. Considerable 
damage was done to the house, also. 
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Small Steam Turbines* 


By Georce A. OrRrOoK 





The papers upon steam turbines which 
have been presented before the society 
have dealt with the larger types of ap- 
paratus and have been written to show 
the reliability, efficiency and _ general 
desirability of this type of prime mover. 
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pulse type; that is to say, the steam is ex- 
panded in a nozzle and the kinetic energy 
of the jet is absorbed by passing one or 
more times through the buckets of the 
turbine rotor. In the De Laval turbine 
only one moving element and one steam 
pass are used, which necessitates a very 
high bucket velocity. In the Terry, Sturte- 
vant, Bliss and Dake turbines a series of 


return passages are provided. The steam 
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generally introduced in the last few years 
and it is becoming usual to connect small 
turbines direct to these The 
small space required and the simplicity 
obtainable in a 100-horsepower turbine at 
speeds of from 800 to 1200 revolutions per 
minute have been important factors in 
their introduction. 


machines. 


The first of the small turbines to be put 
on the market was the De Laval, made by 


























FIG. 6. STURTEVANT STEAM 

This paper treats of the smaller sizes 
of steam turbine from the standpoint of 
the designing and operating engineer, de- 
scribing the commercial machines in sufh- 
cient detail, with reference to the service 
to which they have been applied, and giv- 
ing certain facts concerning their opera- 
tion which may be of advantage to the 
engineering profession. Curves of steam 
consumption are given which show in a 
general way what may be expected of 
these machines under certain conditions. 


At the present time seven machines 
are on the market and can be ob- 
tained in various sizes from 10 to 300 


with reasonable deliveries. 
These are the De Laval, Terry, Sturte- 
vant, Bliss, Dake, Curtis and Kerr tur- 
bines. Three other machines are nearly 
at this stage of development and patents 


horsepower 


have been applied for on several others. 

Many thousand horsepower of these 
turbines have been sold and are in suc- 
The 


ing figures as to sales in the sizes from 


cessful commercial service. follow- 


10 to 300 horsepower have been obtained 
from the manufacturers: 


De Laval, De Laval Steam Turbine 


Company. 70,000 h.p. 


Curtis, General Electric 

Company... . 70,000 h.p. 
Terry, Terry Steam Turbine 

Company..... ‘ 15,000 h.p. 
Kerr, Kerr Turbine Company... 10,000 h.p. 


B. F. Sturtevant 
Company... tan 
Bliss, EF. W. Bliss Company 
Dake, Dake-American Steam 
“SUP CO... 0 ci ses 


Sturtevant, 


All of 


these machines are of the im- 


*Paper presented at the spring meeting of 
the American Society of Mechanical Engineers, 
Washington, D. C., May 4-7, 1909. 
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FIG. I. HIGH- 


returns two or the 
rotor and the bucket speed is much lower. 
In the Kerr turbine the steam is used in 


more times to same 


stages with one bucket wheel in a stage; 
while in most of the Curtis machines two 
or three stages are used with two or three 
of buckets, 

stationary guide blades, in 


rows moving separated by 


each stage. 


AND LOW-PRESSURE DE 


LAVAL TURBINE 

the De Laval Turbine Company, of Tren- 
ton, N. J., and introduced in this coun 
try about 1896. This machine is of the 
pure impulse type; the steam being ex- 
panded in the nozzle down to the ex- 
haust pressure, and the resultant velocity 
transferred to the steam 
pass. The bucket speed is quite high, 


wheel in one 

















FIG. 2. TERRY 
Compound machines of the other types 
have been made, but are not as yet pro- 
duced commercially. 

3v far the larger number of these ma- 
chines are used in connection with extra 
high-speed electric generators, the next 
application being to centrifugal fans for 
high pressures. Centrifugal pumps adapted 
to high rotative speeds have been rather 


STEAM 


TURBINE, 30-INCH 


ranging from 600 to 1300 feet per second. 
Eight sizes of wheel are made, generat 
ing from 10 horsepower to 500 
power, with the 
size and eight or more in the 500-horse- 
power size. 


horse- 


one nozzle in smallest 


The high bucket speed necessitates the 
use of gears of special construction, which 


have been very successful. The desi 
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construction and economy of this type 
have been discussed in Volume 25 of 
Transactions, page 1056. 

The Terry turbine, made by the Terry 
Steam Turbine Company, of Hartford, 
Conn., has been manufacturéd for about 
10 years, although the commercial ma- 














TERRY TURBINE, SHOWING CON- 
STRUCTION 


FIG. 3. 
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FIG. 4. 
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FIG. 7. SECTION OF STURTEVANT TURBINE 





SECTIONAL VIEW OF TERRY TURBINE 














FIG. 5. WHEEL AND CASING OF STURTEVANT 


TURBINE 


chine has been on the market only for 
about four years. This turbine is of the 
impulse type, but the steam passes through 
the buckets a number of times before its 
energy is absorbed. The case of the ma- 
chine is parted on a_ horizontal plane 
through the shaft and at right angles to 
the wheel. The nozzles and return passes 
are bolted to the inside of both parts of 
the casing. The nozzles are in the plane 
of the side of the return 
passages are of brass and are separated 
by partitions. The wheel itself is built 
up of two steel disks held together by 
bolts over a steel center. The buckets are 
built of steel punchings, fitting in grooves 
cut in the disks, as shown by the figures. 


wheel. The 
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The sizes of wheel manufactured at the 
present time are 12-, 18-, 24-, 36- and 48- 
inch, and the number of nozzles varies 
from two on the 12-inch wheel to eight 
or ten on the 48-inch wheel. 

The Sturtevant turbine, made by the 
B. F. Sturtevant Company, of Hyde Park, 
Mass., has been in the development stage 
for three or four years and quite a num- 
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The Dake turbine, made by the Dake- 
American Steam Turbine Company, of 
Grand Rapids, Mich., is a_ single-stage 
impulse turbine. The wheel is made of 
two bucket disks, with milled buckets and 
inserted partitions, bolted together over a 
wheel center. In their Headlight turbine 
the governor is inclosed between the sides 
of the wheel. The nozzles and return pas- 


May II, 1909. 
This 
the 
chines being single-stage 


to 300 kilowatts. 
ered by 


range is COv- 


smallest ma- 
with two or 
The buckets and 
nozzles are of the well known Curtis type. 

The Kerr turbine, made by the Kerr 
Turbine Company, of Wellsville, N. Y., 
is of the compound-impulse type. It is 
generally built in two to eight 


eight sizes, 


three passes per stage. 


from 


























FIG. 8. 


have been sold. The 
type of turbine may be ‘called 
“standard,” however, and four sizes of 
wheel are built, 20-, 25-, 30- and 36-inch, 
developing from 3 to 300 horsepower. 
The turbine is of the multiple-pass type 
similar to the Riedler-Stumpf. 
ing is cast solid with one end. 


ber of machines 


present 


The cas- 
The noz- 
zle and return-chamber ring are inserted 
from one side and the 
from the solid. 


milled 
The return passages are 
from eight to twelve in number and are 
milled on the inside of the return-cham- 
ber ring. They are partitioned and are 
similar in shape to the buckets. The noz- 
zle lies in the plane of the side of the 
wheel. 

The Bliss turbine, formerly known as 
the American, made by the E. W. Bliss 
Company, of Brooklyn, N. Y., is of the 
same type as the Terry and Sturtevant 
and has been on the market only a few 
months. The casing and steam chamber 
are cast solid with one side and the noz- 
zle and return chambers bolted in. The 
wheel is milled from a steel casting, or 
forging in the smaller sizes, and the par- 
titions separating the buckets are inserted 
and held in place by three bands of steel 
shrunk on the face of the wheel. The re- 
turn passages are peculiar in having no 
partitions. Two sizes of wheel have been 
built, the 42-inch and 30-inch, but de- 
signs have been developed for the 12-, 
18-, 24-, 36-, 48- and 60-inch, covering 
powers from 10 horsepower to above 600 
horsepower. 


wheel is 


BLISS TURBINE, 30-INCH 


FIG. 9. 


DAKE TURBINE, 24-INCH 

















FIG. 10. 


sages are placed between the bucket disks. 
The machine is built in sizes of from 5 
to 100 horsepower, the diameter of the 
smallest wheel being 12 inches. 

Coincident with the development of the 
large Curtis turbines, the General Elec- 
tric Company, at its Lynn works, has de- 
veloped and placed on the market a line 
of small generating sets ranging from 5 


BLISS 


TURBINE PARTS 


stages. The buckets are of the double 
Pelton type, inserted like saw teeth in the 
wheel disk. Four sizes of wheel, 12-, I5-, 
24- and 36-inch, are made and cover 2 
range of from 10 to 300 horsepower. The 
nozzles are in the plane of revolution of 
the wheel and are screwed into the stage 
partitions and held in place by a lock nu 

As in large turbines, details of these 
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FIG. 13. 


CURTIS TURBINE, 50-HORSEPOWER 
small turbines, to which reference has 
been made, show the skill and knowledge 
of the designer, and that the same prob- 
lem may be solved in different ways is 
well illustrated by the sections here repro- 
duced. 


DESCRIPTION OF DETAILS 


Nossles. The diverging nozzle is used 
by all makers except Kerr, whose multi- 
speed wheel requires a converging nozzle. 
In the De Laval, Sturtevant and Kerr tur- 
bines the nozzles are screwed into their 
seats; that of the Terry is held in place 
by a bolt. The nozzles of the Curtis, 
Dake and Bliss turbines are reamed out 
of the solid. The larger sizes of the De 
Laval machine which have been put on 
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FIG. I2. SECTION OF DAKE HEADLIGHT TURBINE, EXTERIOR 
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FIG. 15. SECTION OF CURTIS TWO-STAGE NONCONDENSING TURBINE, 160-HORSEPOWER 
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the market lately have a large number of 
reamed nozzles instead of the older con- 
struction. 

Buckets. The constructions employed 
in the Curtis and DeLaval wheels are 
well known and have been described 
many times. The Terry, Dake, Bliss and 
Sturtevant buckets are practically semi- 
circular in form. The Terry bucket is 
constructed entirely of steel punchings 
assembled between grooves in the two 
steel disks forming the sides of the wheel. 
The Sturtevant wheel is milled out of a 
steel casting. The Bliss buckets are milled 
out, but the partitions are inserted and 
held in place and steel rings are shrunk 
on. The Dake buckets are turned out of 
the solid, the recesses for the partitions 
milled out and the partitions inserted; the 
wheel is then bolted together. The Kerr 
buckets are very similar to the original 
Pelton buckets and are inserted in the 
wheel in a manner similar to the De Laval 
buckets. 
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FIG. 14. CURTIS TURBINE IN PROCESS OF ASSEMBLING 











vant, Bliss, Dake and Kerr use a flyball 
governor on the shaft end, which actu- 
ates the throttle valve through a system 
of levers. Curtis uses the flyball governor 
on the shaft for small sizes and slower- 
speed spring-controlled governors of dif- 
ferent forms for the larger sizes. The 
Sturtevant, Bhss and Curtis machines are 
provided with an emergency-stop governor 
as well as the throttling governor. 
Glands. For noncondensing machines 
glands are not troublesome, as the differ- 
ence of pressure between the casing and 
atmosphere is rarely more than a _ few 
pounds. Terry uses a bronze ball-and 
socket gland with a long loose fit on the 
shaft. Sturtevant and Dake use a set of 
ring packing, either cast iron or bronze. 
Bliss has a labyrinth packing without 
contact. Kerr has a floating bronze bush 
with soft packing behind it. Curtis uses 
a metallic packing held in place by a 








gland ring, and for condensing service a 


FIG. 16. CURTIS TURBINE, 200-HORSEPOWER carbon-ring packing, steam-sealed. 


Return Chambers. The Sturtevant re- 
turns are milled out of the solid ring. 
Bliss casts them in the nozzle piece and 
finishes them by hand; Terry casts each 
one separately, finishes by hand and 
assembles with bolts; Dake casts the re- 
turn chambers solid, mills the passages 
and covers them with a shrouding. 

Wheel Centers. De Laval, Curtis, 
Sturtevant and Bliss make the wheel cen- 
ters of steel castings or forgings in- 
tegral with the wheel. Terry uses a steel 
casting, but bolts the wheel disk to it. 
Kerr uses a screwed coupling, the inner 
part cut in three pieces and keyed to the 
shaft with round keys, clamping the wheel 
disk. Dake’s wheel centers are an integral 
part of the wheel in small sizes, but in the 
larger machines are steel castings, in some 
cases a part of the shaft. 

Governors. DeLaval, Terry, Sturte- 
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FIG. I7. REVOLVING ELEMENT OF CURTIS TURBINE IN BEARINGS 
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FIG. 18. DIAGRAMS OF CURTIS TURBINES, 200-HORSEPOWER AND 50-HORSEPOWER 
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water jackets or water-cooling pipes for 
an emergency cold-water circulation. The 


lubrication of the thrust is obtained at 
the same time. 
Operation. These machines are nearly 


automatic in their operation. When the 
machine is once properly set, the coupling 
properly adjusted and the bearings sup- 
plied with oil, the machine may run for 
vears without an overhauling. The bear- 
ings must be looked after to see that no 
heating takes place and that the ring is 
carrying the oil to the shaft. 
ling should be examined 


The coup- 
from time to 
time to make sure that no thrust is com- 
municated through it to the turbine. With 
these precautions a three months’ con- 
tinuous run is common and a number of 
turbines have to my knowledge run more 
than 18 months without a cent spent on 
Apparently there 
is no wear in nozzles, buckets nor returm 


them for maintenance. 


chambers. The only wearing parts are the 

















KERR TURBINE 18-INCH 


In none of these machines 
is clearance an important factor. The 
clearance between buckets and guide pas- 
sages on a 24-inch wheel is usually from 
1/16 to 3/32 inch when hot. Striking or 
rubbing is practically unknown. 

Thrust. Theoretically, there should be 
no thrust in any turbine of these types. 
Practically, there is always a very small 


Clearance. 


@ 


FIG. 20. COMPLETE ROTATING PART OF 
This thrust 
is usually taken care of by small thrust 
collars or washers next to the bearings. 
Thrust from the outside is prevented by 
the use of a flexible coupling between the 
turbine and the machine it drives. 
Bearings. The are always 
ring-oiled with large oil reservoirs, some- 
times, on the larger sizes, provided with 


thrust one way or the other. 


bearings 











BL 



























































Y Y 
— ——E a 














FIG, 21. 
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SECTIONAL VIEW OF KERR TURBINE, 18-INCH 


18-INCH 7-STAGE 


KERR STEAM TURBINE 
bearings and these are generously pro- 
portioned. 

These machines may be taken apart and 
reassembled in half a day; some of them 


in two hours. The overhung machines 


may be overhauled in an even shorter 
time. 
New Turbines. The Hachenberg tur- 


bine, made by William Gardam & Son, 
New York, is a compound-impulse turbine 
resembling in construction the Dow tur- 


bine so frequently illustrated 20 years 
ago. Some experimental machines have 
been built, one of which was tested at 


Columbia University, and the commercial 
machine will soon be on the market. 

James Wilkinson, of Providence, R. I., 
has a small steam turbine nearly in the 
commercial number of 
machines are running, and within the next 
few months it is expected they will be on 
the market. 

The Church turbine, lately completed by 
the Watson-Stillman Company and tested 
at Stevens Institute, is another promising 
turbine. 


stage. A these 


STEAM ECONOMY 


The curves of steam economy have in 
most cases been obtained from the manu- 
facturers. For the Curtis turbine speed- 
economy curves are given for the 50- 








856 


and 200-horsepower sizes. These curves 
represent the average of a large num- 
ber of tests and have been corrected 
to bring them to standard conditions. 
The averages were consistent, and the 
variation from the average in any case 
was not large. 

The curves for the Terry turbine were 
plotted from 14 tests made at East Pitts- 
burg by the Westinghouse Machine Com- 
pany. The curves for the Bliss turbine 
were plotted from 24 tests made at 
Stevens Institute by Prof. F. L. Pryor. 
The curves for the Kerr turbine were 
plotted from tests made by the Kerr Tur- 
bine Company in its testing plant at 
Wellsville, N. Y. 

There seems to be no change in steam 
economy with use. It may be too early 
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FIG, 22, ONE STAGE OF KERR TURBINE, SHOW- 
ING NOZZLES AND WHEEL 
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to make this statement, but machines run- 
ning regularly for three years have shown 
no increase in steam consumption. 

The field of the small steam turbine is 
somewhat narrow when compared with 
the high-speed steam engine. The small 
turbine has its place, however, and with 
the development of a more economical 
machine at the lower speed ranges, will 
have a much wider field. The turbine- 
driven centrifugal fan, for both high and 
low pressures, will have an increasing use, 
and the centrifugal turbine-driven pumps 
have marked advantages over reciprocat- 
ing apparatus because of the absence of 
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FIG. 26. STEAM-CONSU MPTION CURVES, STUR- 
TEVANT TURBINE 
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FIG. 23. TYPICAL TURBINE BUCKETS 
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FIG. 25. STEAM-CONSUMPTION CURVES, TERRY 
TURBINE 
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FIG. 27. STEAM-CONSUMPTION CURVES, BLISS 


TURBINE, NONCONDENSING 








Power, N.Y. 


OF WILKINSON STEAM TURBINE, 20-INCH 
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shock on the pipe line and their adapta- 
tion to space conditions. 

The promise of development on these 
lines has led many manufacturers to enter 
the small-turbine field and the great ex- 
pansion of the 


large-turbine business 


Water 


& é $ 


Ss 
Total Steam-Pouuds per Hour 


a“ 
7 Load 
at Switchboard ) 


Water Rate - Pounds per B.H.P. Hr. 


| 
Full Load 
























































100 200 300 
Turbine Brake Horsepower 
Power, N.Y. 
rlG. 29. STEAM-CONSUMPTION CURVES, 50- 
HORSEPOWER CURTIS TURBINE 
= 30 6000 5 
: | : 
“" 25 Water Rate 5000 ™ 
* 23" aR" aT." | By 20 a 
2 20 a 4000 rn 
na > 
$1 e027 | __aoo0 3 
3 | | os 
84 39 )/——__—. 44 — + —— } 2000 a 
—— ae 
3 ) r | 1000 = 
a - co 
3 50 100 150 200 20 8 
5 “Brake Horsepower Power, WF. 
FIG, 30. STEAM-CONSUMPTION CURVES, 24- 
INCH KERR TURBINE ° 
0 7000 
80} 
6000 


1 
i— 


5000 


gt 


g 





S$ 


+ Pounds per B,H.P. per Hour 
é 


_ 2000 


g 
Total Steam - Pounds per Hour 


| 
| 
Z 


} 
20 40 60 80 100 120 140 160 189 200 
Brake Horsepower 


Water Rate 


Power, N.Y. 


FIG, LOAD CURVES OF KERR TURBINE 


31. 


without doubt presages a like future for 
the small steam turbine. 





Peat Society Meeting 





There will be a meeting of the: New 
York section of the American Peat Society 
at the Technology Club, Syracuse, N. Y., 
May 15, from 3 to § and 7:30 to 10 p.m. 
Among the papers to be presented are the 
following: “Production of Ammonia 
from Peat,’ by Herman C. Woltereck; 
“Present State of Peat Gasifying with 
Recovery of Ammonia,” by Prof. Charles 
A. Davis; “A Peat Producer with Peat 
Coke as Byproduct,” by Dr. Otto Zwing- 
enberger. 





Che first summer convention of the 
Society of Naval Architects and Marine 
Engineers will be held at Detroit, Mich., 


the latter part of June. 
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Marine Producer Gas Power * 





By C. L. Straus 


Only recently has such progress been 
made in the development of gas power 
for marine work as to warrant its early 
adoption in commercial service. Two 
years ago, less than 300 horsepower in 
the aggregate was being developed by 
marine producer-gas power installations ; 
these were experimental in nature and 
were of the German Capitaine type. 
There are now installed and accepted 23 
Capitaine marine plants, aggregating 2035 
horsepower, a_ partial list of 
follows: 

(a) “Emil Capitaine :” Launch, 60 boiler 

horsepower ; four-cylinder single- 
acting, 


which 


four-stroke-cycle engine; 
boat 60 feet long, 10 feet beam, 
4 feet deep; ran an average speed 
of 10 miles for 10 hours on 412 
pounds of anthracite. 

(b) “Rex:” Swedish 


Sea-going boat ; 


102 feet long; 22 feet beam, car-. 


ries 350 tons on 9-foot draft; 
fitted with a three-cylinder single- 
acting, 45-horsepower engine run- 
ning at 300 
minute. 

(c) “Capitaine:” Tow boat at Genoa; 
length 47 feet, beam 12 fect, draft 
7 feet; fitted with a three-cylin- 
der, four-stroke- 

boiler horse- 


per 


revolutions per 


single - acting, 
cycle engine of 105 
power at 240 
minute. 

“Duchess :” 


revolutions 


(d 


_ 


A canal barge; length 
71 feet, beam 7 feet I inch; car- 
ries 20 cargo on 42-inch 
draft; fitted with double-cylinder, 
single-acting, 


tons 


four - stroke - cycle 
engine of 25 boiler horsepower. 

“Dusseldorf:” Tug at Hamburg, 
fitted with a four-cylinder, single- 
acting, four-stroke-cycle engine of 
60 boiler horsepower at 240 revo- 
lutions per minute. 

“Tsee:” Tug, fitted with a three- 
cylinder, single-acting, four-stroke- 
cycle engine of 45 boiler horse- 


(¢) 


(f) 


power at 300 revolutions per 
minute. 
(zg) “Wilhelm:”’ Combination freight 


and passenger Rhine boat, fitted 
with a five-cylinder, single-acting 
engine of 175 boiler horsepower 
at 240 revolutions per minute. 
“Badenia:” Rhine freight boat, 
fitted with a two-cylinder, single- 
acting, four-stroke-cycle 
of 30 boiler horsepower. 
“Katrina:” A canal freight boat, 
fitted with a three-cylinder, sin- 
gle-acting, four-stroke-cycle en- 
gine of 45 boiler horsepower. 


(h) 
engine 


(i) 


*Abstract of a paper presented at the 
Washington meeting of the American Society 
of Mechanical Engineers, May 6, 1909. 


da we 
957 


(j) “Marie:” A canal freight boat, 
fitted with a three-cylinder, sin 
gle-acting, four-stroke-cycle en 
gine of 45 boiler horsepower. 

(k) “Hoffnung:” A combination freight 
and passenger Rhine boat, fitted 
with a five-cylinder, single-acting, 
four-stroke-cycle 
boiler horsepower. 

(/) “Amersie :” 


engine of 210 

A Volga freight boat, 
fitted with a four-cylinder, single- 
acting, four-stroke-cycle engine of 
60 boiler horsepower. 

(m) “No. 58:" A canal freight boat, 
fitted with a four-cylinder, single 


acting, four-stroke-cycle engine 
of 60 boiler horsepower. 
In addition to the above there are a 


number of freight boats, the dimensions 
and names of which | unable to ob 


tain; their power plants varied in capacity 


am 


from 30 to 175 horsepower each. 

(1) H. M.S. “Rattler:” An old gun 
boat, 165 fect long, 29 feet beam, 
originally fitted with a 
expansion engine. The 
gine is five-cylinder, single-acting, 
four-stroke-cycle, 


triple 
gas en 
with cylinders 
20 inches diameter by 24 inches 
stroke, developing 500 _ boiler 
horsepower at 120 revolutions per 
minute. This engine is started by 


means of a mixture of gas and 


air which is pumped into the 
cylinders at a pressure of about 
95 pounds per square inch. This 


complete plant was designed en- 
tirely in the Capitaine works at 
Dusseldorf. 
the 
donkey 


The total weight of 
plant, the 
boiler for the 
pumps and auxiliaries, is 94 tons, 


entire including 


working 


as compared with: 150 tons in the 
case of the displaced steam en- 
gine. A consumption of 1525 
pounds of coal was made for a 
measured distance of 45 knots on 
knots 


an average speed of 10'% 


per hour. The cost per mile for 
fuel, with coal at 15s. 6d. per ton, 
is 6.4 cents, United States money. 
This boat made a maximum speed 
of 11.3 knots per hour against a 


114-knot current at 110 revolu- 
tions per minute of the engine 
shaft. 


All of the above plants by their design 
and construction are restricted to opera- 
tion on anthracite, coke or hard-burned 
charcoal, and any plant so restricted by 
its design to one class of fuel is seriously 
limited in its scope of application. The 
development of a simple marine gas pro- 
ducer for use with any class of solid fuel 
is a necessity, if the system is to be con- 
sidered seriously. 

The writer is fortunate in having been 
associated with some recent American de- 
velopments in both stationary and marine 
gas-power plants, which enables him to 
draw a comparison between a_ typical 
steam and a possible gas installation. 
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Three years have been devoted to the 
modification of the down-draft stationary 
bituminous producer for marine service. 


The work involved a 


reduction 


in 


the 


size and weight of the generators; coim- 
plete revision of the scrubbing, gas-cleans- 
ing and exhausting mechanism; elimina- 
tion of all gasholders, storage receptacles, 


mixing chambers, etc. 


The modified plant 


uptodate shows a light, compact producer, 









wo 


prartors 


dS 
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which while retaining the same rate of 
combustion as the stationary apparatus, 
has materially reduced dimensions and 
weight of shells, brick lining, fittings, etc. 
The economizer boilers which were used 
in stationary work have been replaced 
with light air-heating economizers. The 
gas coolers no longer contain any coke nor 
broken material, nor wood trays, and are 
built of very light, noncorrosive sheet 
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metal, and arranged for either vertical or 
horizontal mounting, the latter lending 
itself nicely to location in space which 
would be otherwise wasted in the vessel. 
The cooled and partially cleansed gas is 
drawn through the producer plant by a 
centrifugal gas-cleaning exhauster, driven 
by direct-connected motor. The gas passes 
directly from the exhauster, under pres 
sure, through an automatic pressure-regu- 
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PLAN AND ELEVATION OF T000-HORSEPOWER STEAM-POWER EQUIPMENT INSTALLED IN LAKE FREIGHTER 
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iting valve to the engine manifold. That 
ie plant is adaptable for marine service, 
-ith regard to space occupied and weight, 
iay be seen from the following conserva- 
ve estimate: 

Plants of from 100 to 500 horsepower 
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weigh from 40 to 70 pounds per horse- 
power, including all auxiliaries, piping, ete. 


A COMPARISON OF PRODUCER-GAS AND 
STEAM EQUIPMENTS 


Undoubtedly the rational opportunity at 
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each occupy from 0.4 to 0.5 square foot 


per horsepower, and weigh from 70 to 
8° pounds per horsepower, including all 
auxiliaries, piping, ete.: plants from 500 
to 1000 horsepower occupy from 0.03 to 
0.45 square foot per horsepower, and 


PLAN AND ELEVATION OF PROPOSED TWO-GENERATOR MARINE 


4 ~ _— 
Power, N.Y, 


PRODUCER PLANT 


the present time for marine gas power lies 
in commercial service, in which regard 
the most rapid advancement in America 
has been made in the freight and fuel 
of the Great Lakes. We have 
therefore taken for our example a ship 


carriers 


8590 


which was built from the designs of Bab- 
cock & Penton within the last year. For 
the sake of clearness, the accompanying 
views show only the machinery space; all 
of the ladders, stairways and gratings 
have been omitted from the plans, and the 
piping is shown only on the gas installa- 
tion. The machinery installation proper 
is all there, however, and while the parts 
eliminated are merely accessory, the con- 
trast between the two plants would be all 
the more striking were they included. 
The lake freighter 
and represents the best standard practice 
in this service. 


boat is a modern 
It is 306 feet long over 
all, 45 feet beam and 24 feet deep. Her 
present of a 


single-screw, triple-expansion, three-crank 


power equipment consists 


condensing engine, 18 and 30 and 50 by 
36-inch stroke, which indicates 1050 horse- 
power at from 90 to 95 revolutions per 
minute. The engine is of the typical box 
front-column and 
type. It is fitted with a direct-connected 
air pump 
driven 


condenser-back- frame 


and has independent steam 


circulating bilge, 


sanitary and feed pumps. 


reciprocating, 
The weight of 
the complete engine-room equipment, in- 
cluding piping and all auxiliaries, is, in 
round figures, 182,000 pounds. 

The boiler-room equipment consists of 
feet 
10 inches mean diameter and 11 feet long 


two single-ended Scotch boilers, 11 


over heads, operating on a working pres- 
Each 
boiler is fitted with two 42-foot corru- 
gated furnaces and has two hundred and 
forty-four 234-inch tubes. 


sure of 180 pounds per square inch. 


The grate sur 
face is 36034 square feet and the heating 
1642 square feet boiler. 
The boilers are operated with forced draft 
The air 
for the draft is taken from the stokehole 
and the fan is located in the engine room. 


surface in each 


from a 66-inch steam-driven fan. 


The complete weight of boiler-room equip 
ment, including water in the boilers but 
not fuel, is 170,000 pounds. This is the 
actual figure. 

The coal bunker extends from the main 
deck to the tank 
athwartship; it has a capacity of 170 tons. 
The bunker doors face the stokers on the 
stokehole The bunker is 6 feet 
fore-and-aft at the stokehole. The dis 
tance from the forward to after bulkhead 
in the boiler room is 24 feet. The dis 
tance from the forward to the after head 
in the engine room is 22 feet, making a 
total overall length for the plants, includ- 
ing bunkers, of 52 feet. 

The coal consumption on this vessel is 
from 1.08 to 2 
hour. This coal is of approximately 13,500 
B.t.u. per pound. 

The of substituting gas for 
steam, aside from the design of the con- 
struction of the gas producers or cylin 
ders of the gas engines, been thor 
oughly worked out by Babcock & Pen- 
ton. The illustrations two differ- 
ent arrangements of gas producer with 
the same engine. 


top and is arranged 


floor. 


pounds per horsepower- 


problem 


has 
show 


The proposed gas en- 
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gine is a four-cylinder, double-acting, re- 
versing type, having cylinders 24 inches 
bore by 36 inches stroke, delivering 1000 
boiler horsepower at 100 revolutions per 
minute. The reversing is accomplished 
by means of compressed air, which is 
used to shift the cams from the head to 
the stern position. Compressed air is ad- 
mitted to the cylinders by timed cams in 
proper cycle. The crank shaft of the en- 
gine is rigidly coupled to the shaft of the 
screw. 

The illustrations show a column-framed 
engine. Since making this layout, the de- 
sign of the engine has been modified to 
meet all of the present marine conditions 
now found in marine-engine design on the 
likes. In fact, with the exception of the 
condenser shown on the steam drawings, 
the gas-engine frame will be very similar 
to the steam engine. 

For the generation of current to drive 
the auxiliaries, there will be installed a 
double-cylinder, double-acting gas engine, 
direct-connected to a 50-kilowatt direct- 
current generator. All of the pumps and 
auxiliaries will be motor-driven. A smal- 
ler direct-connected unit operating on oil 
will be used for pumping air, blowing fires, 
or other service, when the gas plant is 
down. Allowing a distance of 4 feet 3 
inches between the forward bulkhead and 
the engine room and the forward side of 
the flywheel, which distance is 1 foot 
greater than that in the steam installa- 
tion, we have an overall distance between 
forward and after bulkheads in the en- 
gine room of 19 feet 6 inches. 

As previously stated, two arrangements 
of producer equipment are shown. The 
four-generator plant, Fig. 3, consists of 
four 6-foot by 9-foot generators, each 
fitted with independent economizers. The 
forward pair and the after pair are con- 
nected independently to two horizontal 
gas scrubbers, which are shown slung un- 
der the main deck beams. The gas passes 
from these scrubbers to independent 
motor-driven centrifugal gas - cleaning 
fans, whence it is delivered, either through 
common connection to a purge or blowoff 
pipe which also acts as a_ bypass, or 
through two gas-pressure regulator valves 
to the air- and gas-mixing valve at the 
engine manifold. The 6-foot generators 
require only one cleaning door each. As 
a result a single cleaning space suffices 
for the four machines, allowing them to 
be grouped with reference to athwartship 
space, so as to give ample room on each 
side of the vessel for coal bunkers. The 
total space occupied by the producer plant 
is 21 feet 10 inches athwartship, and 15 
feet between forward and after bulkheads. 
The producer-room weight, including 
generators, economizers, piping, and scrub- 
bers, complete, of the four-generator set, 
is 110,000 pounds. This weight is esti- 
mated, but has been carefully checked and 
completely covers all the mechanism. In 
addition to the above mechanism, there 
will be a heating boiler which is shown 


POWER AND THE ENGINEER. 


on the main deck. This boiler will serve 
to furnish low-pressure steam for heating 
the vessel and supplying hot water for 
washing down decks, etc. This boiler, 
with water, will weigh about 8000 pounds. 

The two-generator producer plant, which 
will undoubtedly be the one installed, will 
consist of two 8-foot diameter by 9-foot 
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FIG. 3. 


6-inch generators, connected to indepen- 
dent air economizers and each fitted with 
an independent horizontal scrubber, lo- 
cated athwartship under the main deck 
beams. The gas outlet at the scrubbers 
will be connected with a crossover, so that 
either exhauster may operate either or 
both producer plants. The exhausters 


Motor Driven 


‘| Motor Driven 
Cent. Fan, 
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are installed in duplicate and are con- 
nected with common purge or blowoff 
and common gas outlets leading either 
through one pressure-regulator valve, or 
through a bypass direct to the air- and 
gas-mixing valves at the engine manifold. 

On account of the fact that the 8-foot 
generators require two cleaning doors set 


a 
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Bilge Sanitary and Circ. Pumps 
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PLAN AND ELEVATION OF PROPOSED FOUR-GENERATOR MARINE PRODUCER PLANT 


at 120 degrees, the double-generator unit 
plant will require the full athwartship 
space in the producer room. The approxi- 
mate floor space occupied, therefore, will 
be 30 feet athwartship and 15 feet be- 
tween forward and after bulkheads. The 


producer-room weight, including genera- 
tors, economizers, piping and scrubbers 
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complete for the 
82,000 pounds. 


two-generator 
This weight is estimated, 


set, is 


uit has been carefully checked and com- 
vletely covers all of the mechanism. As 
in the case of the four-generator plant, a 
w-pressure boiler for heating service 


will be installed. 


In the 


two-generator 


plant, however, this boiler will be located 
on the producer-operating floor, that one 
set of firemen may suffice for both. 


TABLE 1. 


COMPARISON OF POWER 


PLANTS FOR GREAT LAKES 
FREIGHT CARRIER. 


Length overall......... 


306 ft. 0 in. 


OE SIS ae Meee er re 45 ft. 0 in. 
SSP rerrce tc rere rrr 24 ft. 0 in. 
INE os cisions sc vanisanw dans Tons gross 
CR 36 on oie 4,200 net pounds at 18 feet draft 
ee 12 statute miles per hour on 900 


indicated horsepower. 


STEAM. 


ENGINE ROOM 
Three-cylinder  triple- 
expansion conden- 
sing engine, 18&30& 
50 by 36 in., 1050 
i.h.p. at 90 to 95 
r.p.m. 
Auxiliaries 
driven. 
Length between bulk- 
heads, 22 ft 
Engine room weights, 
including auxiliaries 
and piping, 182,000 
pounds. 


steam- 


BOILER ROOM. 

Two single-ended 
Scotch boilers fitted 
with economizers, 
forced draft. Length 
each boiler, over- 
heads 11 ft. 

Mean diameter, each, 
11 ft. 10 in. 

42-in. 


Two furnaces 


each 

244 23-in. tubes, each 

Grate surface, each, 
36.75 sq.ft. 

Heating surface, each, 
1642 sq.ft. 

room weight, 
water in boilers, no 
fuel, 170,000 pounds. 

Length boiler room, 24 
feet. 

Length boiler room, in- 
cluding bunkers, 30 
feet. 


Square feet boiler 
room, _ including 
bunkers, 900. 

Square feet per horse- 
power, 0.9. 


Bunker capacity, 340,- 

_. 000 pounds. 

Total weight of machin- 
ery and fuel, 692,000 

_, pounds. 

Total length of mach- 
ery space, including 
bunkers, 52 feet. 


GAS. 


ENGINE ROOM. 
Four-cylinder, four 
cycle, double-acting, 
gas engine, 24-inch 
bore by — 36-inch 
stroke 1000 b.h.p. at 
95 r.p.m. 
Auxiliaries 
driven. 
Length between bulk- 
heads, 19 ft. 6 in. 
Engine room weights, 
105,000 pounds. 


motor- 


PRODUCER ROOM. 


Two down-draft gas 
producers and auxil- 
laries. 


Diameter of shell, 
each generator, 8 
feet. 

Inside diameter of gen- 
erator lining, 6 ft. 3 


in. 

Height of shell, each 
generator, 9 ft. 6 in. 

Grate surface, each 
—_— 30.67 sq. 
t. 


Producer room weights, 
no water, no fuel, 
82,000 pounds. 


Length of producer 
room, including 
bunkers, 15 feet. 

Square feet producer 
room, 450. 

Square feet per horse- 
power, 0.45. 

Square feet producer 
room with four smal- 
ler generators, 330. 

Square feet per horse- 
power, four genera- 
tors, 0.33. 

Bunker capacity, 160,- 
000 pounds. 

Total weight, machin- 
ery and fuel, 347,000 
pounds. 

Total length of machin- 
ery space, 34 ft. 6 in. 


Saving in weight, 355,- 
000 pounds. 

Saving in fore-and-aft 

_ length, 17 ft. 6 in. 

Saving in cubic space, 
17 ft. 6 in. by 32 ft. 
ft. beam by 20 ft. 
high = 11,200 cu.ft. 


The builders of this proposed apparatus 
are prepared to guarantee one brake 
horsepower-hour on one pound of good 
bituminous coal, averaging 13,500 B.t.u. 
per pound. 

Babcock & Penton, who have spent sev- 
eral years on the problem of the substitu- 
tion of gas for steam, have suggested that 
the coal bunker, which will be placed 
above the charging deck of the producer, 
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should have a capacity of about 80 tons 
of coal. The bunker will run from the 
charging deck to the deckhouse and will 
have doors opening closely adjacent to the 
charging doors of the generators, so that 
little or no coal passing on the operating 
deck will be required. 

In making the comparison shown in the 
subjoined table, it is unnecessary to go 
into the cost of fuel, labor, hours of ser- 
Vice, etc, as 
every class of service. 


with 
In this particular 
proposition, it will suffice to state that the 
engineers who have been working on this 
problem for over two years have con- 


these elements vary 


servatively figured that with the saving 
in fuel and the increased cargo carried, 
the cost of the complete plant will be 
saved in two years of operation. 

A marine bituminous gas plant, similar 
in construction and operation to the one 
described but of 300 horsepower capacity, 
has been in commercial operation driving 
a six-cylinder, single-acting, reversing 
marine gas engine for over a year. The 
results obtained give ample security for 
the statements made in this paper. 





Notes on Belting 


On the death of Col. Samuel Weber, the 
well-known New England millwright and 
engineer, his notebooks were left to his 
son, William O. Weber of Boston, who 
presented at one of the recent meetings 
of the National Association of Cotton 
Manufacturers some of the data therein 
contained relating to the measurement 
of power required for the operation of 
cotton-mill machinery. Among these notes 
was the following relating to the use of 
belting: 

Good oak-tanned leather from the back 
of the hide weighs almost exactly one 
avoirdupois ounce for each one-hun- 
dredth of an inch in thickness, in a piece 
of leather one foot square, so that 


Weight Approx. Actual Nearest 
Nomencla- perSq. Thick- Thick- Vulgar 

ture. Ft. ness. hess. Fraction. 
Single belt.. 16 oz. % 0.16 inch f: 
Light double 24 oz. 4 0.24 inch 43 
Medium.... 28 0z. ts 0.28 inch 3 
Standard... 33 oz. 4 0.33 inch ah 
re 45 Oz. fs 0.45 inch at 


Assuming an average working strain of 
33 pounds per square inch, and using the 
rule for velocity in feet per minute for 
each inch in width to transmit one horse- 
power: 

RutE—Multiply the denominator of the 
fraction expressing the thickness of the 
belt in inches by 100, and divide it by the 
numerator: 


d X 100 
n 


1/, = 6 X 100 = 600 feet. 
1/,=4X 100 = 400 feet. 


Sol 


16 X 100 
a 


0 


= 311.5 feet. 


1s =3 X 100 = 300 feet. 


16 «K 100 
9 


*/ic= = 177.7 feet. 

If, however we use the actual thickness 
as expressed decimally, the reciprocal of 
such numbers times 100 changes the val- 
ues as follows: 


Vel. per Inch Vel. per Inch 


for 1 H.P. or i 25, 
eee 600 ft.) (625 sft. 
Light double........ 100 ft. | | 416.6 ft. 
Medium double...... 312.5 ft. + to «357 ft. 
Standard double..... 300 ft. | 303 sft. 
eee 177.77 tt.J | 393 ft. 


so that the safe working strain per inch 
in width would be as follows: 


Single...... 52.8 pounds - ! 
Light double 78.1 pounds 


5 pounds 
29 


2.5 pounds 


x 


Medium dbl. 92.5 pounds Instead 103 pounds 
Stand'’ddbl.109 pounds of 110 pounds 
fee 148 pounds 185.5 pounds 


and the safe load on a 12-inch belt running 
at 1000 feet per minute, would be: 


Pounds, Pounds. Per Cent. 
er 19.2 20 96 
Light double.. 22.8 30 96 
Medium dbl... 33.6 Instead 38.4 or 87.5 
Standard dbl.. 39.7 of 40 99 
err 54 67 .6 80 


of its former value, showing slight dif- 
ferences except in the medium, double 
and 3-ply cases. 

Good, well-calendered rubber belting 
made with 30-ounce duck and new (i: e., 
not reclaimed vulcanized) rubber will be 
as follows: 


Approximate Nearest Vulgar 
Nomenclature. Thickness. Fraction. 
3-ply 0.18 inch Ys 
4-ply 0.24 inch 48 
5-ply 0.30 inch 4s 
6-ply 0.35 inch 4h 
7-ply 0.40 inch 43 
8-ply ' 0.45 inch a 


The thickness of rubber belt does not 
necessarily govern the strength, but the 
weight of duck does and with 30-ounce 
duck, as above, the safe working strains 
may be taken as follows: 

Safe Working 


Strain for 1 Inch 
Width. 


Velocity per 
Inch for 1 
Nomenclature. H.P 


3-ply 45 pounds 735 ft. per min. 
4-ply 65 pounds 508 ft. per min. 
5-ply 85 pounds 388 ft. per min. 
6-ply 105 pounds 314 ft. per min. 
7-ply 125 pounds 264 ft. per min. 
8-ply 145 pounds 218 ft. per min. 


and the safe load on a 12-inch belt running 
at 1000 feet per minute on a 180-degree’ 
contact would be: 


TABULATED RESULTS. 


mT. H.T 
3-ply 16.3 6-ply 38.2 
4-ply 23.6 7-ply 45.6 
5-ply 31 8-ply 52.7 


Should the arc of contact on the smaller 
pulley be than 180 degrees, the 
tabulated results should be multiplied by 
the following per cents. : 


less 


90° 100° 110° 120° 130° 140° 150° 160° 170° 
.50 .57 .64 .70 .76 .82 .87 .92 .96 
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POWER AND THE ENGINEER. 
The ‘“Salem’s” Disability 


The scout cruiser 


turbines of the 
“Salem” were opened on Wednesday, 
April 28, at the works of the builder, 
the Fore River Shipbuilding Company, and 
the cause of her falling off from the ef- 
ficiencies attained and performances ef- 
fected on her acceptance tests was re- 
vealed. It was found that the first row 
of buckets in the fifth stage had been 
battered down very badly, as by a piece 
of metal projecting from a steam nozzle, 
or perhaps by piece of metal 
such as a nut rolling around in the space 
between the buckets and the nozzle. The 
edge of each blade was hammered to the 
top of the blade next to it, almost closing 
the passage to the steam, and it is not 
at all remarkable that the turbine should 
have lost fifteen revolutions per minute. 
At the time of our advices, the rotor had 
not been lifted out of the case; when 
this is done more light may be thrown 
upon the cause of the trouble. 

The rotor appears to have been ad- 
justed too far aft within the casing, with 
the result that the revolving blades rubbed 
against the stationary buckets, wearing 
the bases and shrouds nearly an eighth of 
an inch. Such a brake at such a radius 
and at the speed at which the turbine 
runs must have been a very serious handi- 
cap. The buckets and blading show no 
signs of erosion by steam. The trouble 
occurred in the starboard turbine and, 
while it is not expected that any similar 
condition will be found in the port tur- 
bine, that will be opened and examined 
before the engine leaves the works. 


a_ loose 





Economy in Woodworking Establish- 


ments 


In woodworking establishments, where 
the problem is to get rid of waste rather 
than to save fuel, and the boiler furnaces 
serve the part of destructors, there is lit- 
tle attention paid to economy in the gen- 
eration and use of steam. Nevertheless, 
there may be more economies to be had 
than are apparent at first thought. The 
fuel charge is not the only important item 
in the power-plant account. The stand- 
ing charges for interest, taxes, insurance 
and depreciation, which increase in direct 
proportion to the investment, often ap- 
proach the fuel charge in magnitude. The 
use of the exhaust steam in kilns, etc., 
means less investment in boilers, less 
water to pump or buy, less scale to re- 
move, fewer furnaces to fire and rebuild 
once in so often, fewer boiler tubes to 
clean and less expense in many other ways 
than in the amount of fuel used. 

The barbarous method of getting rid 
of waste by wanton burning is being out- 
grown. In the first place there is a good 
deal less waste than there used to be. 
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Saws cut closer scarfs and the trimmings 
are used up to the smallest scrap that 
will serve even to be glued up with other 
scrap to make composition board. Higher 
prices for coal give a greater relative 
value to this waste as fuel, and in wood- 
working centers like Minneapolis it is 
sold quite extensively for this purpose. 
While its price would not ordinarily war- 
rant going to a great degree of refinement 
in an effort to save it, its cheapness and 
availability should not lead to the neglect 
of possible economies. 

A source of economy analogous to the 
use of exhaust steam in the kilns is the 
use of exhaust-steam heaters. 
there is increased boiler power, 
ture to the the feeding of 
heated water, less scale on account of the 
throwing down of the 
are removable by heat 
goes to the boiler, and less fuel to han 
dle and fire, with less wear on furnace 
and grates, even if the fuel is worth little 
or nothing. 

This is written with a full appreciation 
of the fact that many of the power plants 
of sawmills and woodworking establish- 
ments are models of efficiency, with equip- 
ment of the highest class; and simply to 
offset the still somewhat prevalent notion 
that cheap fuel is an argument against all 
effort at power-plant economy. 


Here again 
less tor- 
boilers by 


impurities which 
before the wate: 





Are Inside-Screw Valves Unsafe ? 


In registering a complaint against the 
ruling of a boiler inspector an engineer 
calls attention to the fact that he 
compelled to replace a new nonreturn 
stop valve having an inside screw by 
one with an outside ~yoke and screw, 
causing both delay and expense. 

In making his decision, the inspector 
was, guided by what he bh 
lieved to be his duty in the matter. But 
to one who could not be present at th: 
time the decision was _ rendered, 
description of the mental process by which 
a valve with an inside s¢rew was proved 
to be unsafe or weaker than one with an 
outside screw and yoke would be in- 
teresting. 

Valve manufacturers stand ready to 
guarantee the reliability of their product 
whether of one style or of the other, 
it is not clear why one form should 
prescribed when its safety in operation 
has been clearly demonstrated. 

In one instance, several years ago, 
outside screw and yoke valve failed under 
peculiar circumstances, where it is high) 
probable that an inside screw valve with 
bonnet would have held. 

At or near the end of an eight-inch 
line of steam pipe carrying one hundred 
pounds pressure per square inch a valve 
of the outside screw and yoke type was 
put on the end of a tee instead of 
blank flange, in order more conveniently 


was 


of course, 


some 


and 








May II, 1909. 


to extend the pipe line at a future 
time. Just before steam was turned into 
the line the valve was closed and the 
dirt, scale, red lead, flange bolts, nuts 
and other stuff were blown out through 
another valve. When the pipe -was clean 
and the blowing valve closed, after about 
five minutes the yoke on the valve which 
had not been opened broke, allowing the 
valve to open wide. In this valve the 
body and yoke were of cast iron and the 
stem of bronze. Heat from the steam ex- 
panded the bronze portion of the valve 
more rapidly than the cast iron could 
accommodate itself to the 
the yoke parted. 

Examination showed that the break was 
in clean, sound iron and that the yoke 
more than ten times as strong as 
was necessary to resist the steam pres- 
sure, but it failed. There may, or there 
may not be good reasons why one tyne 
of appliance is stronger and safer than 
another, but the question that would most 
naturally arise is: Has an inspector a 
right arbitrarily to condemn a piece of 
apparatus which may be lawfully manu- 
factured or intported? 

If the inside-screw valve is 
one not all 


tension and 


was 


unsafe in 


instance are similar valves 


unsafe ? 





Order 





In every line of human endeavor it 
pays to be orderly. System based on order 
is the underlying principle of true pro- 
gress, and upon its strict observance in 
matters of great or small import, largely 
depends the issue of success. Evidences 
of the truth of this assertion are all about 
us and nowhere are they more prevalent 
or more abundant than in the power field. 

Suppose, for instance, that the manu- 
facturer of an engine, or perhaps a tur- 
bine, should endeavor to construct his 
machine without due regard to a system 
carefully planned and carried out, could 
the result of such procedure be other than 
failure? And, againy when the construc- 
tive process is complete, does the ob- 
servance of this principle cease at the 
threshold of the power-plant, leaving the 
engine to run at any time or for any 
purpose, subject to the vagaries of chance? 
These suppositions are, of course, non- 
sensical and any engineer would pro- 
nounce them so, although a glance into 
some engine rooms shows such disorder 
as to imply an entire lack of system. 

In building or operating an engine it is 
easy to see where the law of order ap- 
lies, but it is the little things that so 
often attention. It may be con- 
venient at the moment to throw a wrench 
in some dark corner when the work in 

nd is completed, but the subsequent 
search when it is again needed will show 

he false economy of such a method. A 

ving of present time may be effected 

letting things lie where they fall and 


escape 
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allowing a collection of odds and ends 
to litter the floor, or in making repairs 
it is often 
with some 


easier to patch things 
makeshift, when 
there is plenty of time to do the work 
thoroughly and as it should be done. 
In the end it will found that a 


strict observance of systematic order in 


up 
temporary 


be 


all things will save time and money, and 
if the importance of doing the little things 
right were only realized, the number of 
dirty, ill-kept and disorderly engine rooms 
would surely be few and far between. 
Orderly care in the arrangement and dis- 
position of even the smallest appointments 
of an engine room leads to economy in 
the time and energy of the operator and 
contributes in an appreciable degree to the 
life of the machinery. Be orderly and 
systematic in the small things and the 
big ones will take care of themselves. 





To Revise A. S. M. E. Codes 





At a recent meeting of the council of 
the American Society of Mechanical En- 
gineers, the committee on revision and 


extension of the code for testing gas- 
power machinery, Charles E. Lucke, 
chairman; E. T. Adams, George H. 


Barrus, D. S. Jacobus and Arthur West, 
made a general report and requested that 
they be discharged and a new committee 
appointed to revise, unify and standardize 
all the present codes of the society on 
their various subjects. 

should not be confused 
power standardization committee, which 
is a committee within the Gas 
Section, consisting of Dr. C. E. Lucke, 
chairman; Arthur West, J. R. Bibbins, 
E. T. Adams, J. B. Andrews, H. F. Smith 


and Louis Boeling. 


committee 
with the gas- 


This 


Power 


It was voted that nine members be ap- 
pointed by the president for the approval 
of the committee power 
tests to revise the present testing codes 


council, a on 
of the society relating to boilers, pump- 
ing engines, locomotives, steam engines 
in general, internal-combustion engines 
and apparatus and fuels therefor, and to 
extend these, codes so as to apply to 
such power-generating apparatus as the 
not including 
water power, and bring them into har- 
mony with each other and with the best 


practice of the day. 


present codes do cover, 


The committee, consisting of Messrs. 
Leib and Taylor, appointed to investigate 
the advisability of a revision of the 


steam-boiler tests 
ported that in their opinion it is de- 
sirable to undertake a revision of this 


standard code on re- 


code in view of the progress made in the 
art since the standard code formu- 
lated. The application of gas-furnace 
gases, gas-producer plants, oil-fired fur- 


was 


naces and other important developments 
makes it desirable to bring the standard 
code up to date so as to include also pro- 


, 
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vision for gaseous and liquid as well as 
solid fuels. It may be desirable, also, in 
the 
the 
the 


revised code to give consideration to 
question of a standard method for 
sampling and testing of fuels. 





National Smoke Abatement Con- 
ference Proposed 





Through the efforts of Prof. Charles 
H. Benjamin, James M. Dodge, John J. 
Flather, Harold V. Coes, Morris L. Cooke 
and others interest has been aroused in 
the “smoke abatement” problem to the ex- 
tent of a proposal having been made to 
the meetings committee of the American 
Society of Mechanical Engineers that the 
society shall take cognizance of the mat- 
ter by holding a national conference in 
connection with one of its annual or semi- 
annual meetings. 

It is believed that a symposium of pa- 


pers upon the subject, contributed by 
eminent authorities, could be procured, 
heads under which the contributions 
might profitably be solicited being as fol- 
lows: “The Aesthetic Side of the Smoke 
Question,” “Legal Aspects of the Smoke 
Nuisance,” “What Is Smoke? The Chem- 


istry of Smoke,” “Causes of Smoke in 
Power Plants and Locomotives,” “Appa- 
ratus for Preventing, Detecting and Meas- 
uring Smoke,” “Successful Experiments in 
Smoke Abatement,” “Economic Side of 
the Smoke Problem,” “The Smoke Prob- 
lem as Affected by Meterological Condi- 
tions,” “Smoke in Its Relation to Public 
Health,” etc. 

One of the chief reasons that such a 
conference should be of immense public 
good, it is declared, is because of the inti- 
mate relation abatement 
the conservation natural re- 


smoke 


of the 


between 
and 
sources of the country. 





Who Has Seen This Missing 
N. A. S. E. Member ? 


—— 


Charles L. Brandon, a member of Cali- 
fornia No. 3 N. A. &. EB 
has been missing since last September and 


Association 


his friends and relatives are greatly con- 
cerned regarding his mysterious absence. 
Mr. Brandon last heard of in 
Spokane, where he was on the lookout 
for a position, having just left the posi- 
tion of master at the British 
Columbia Copper Company, Greenwood, 
B.. C. 

Mr. Brandon is about 30 years of age, 
inches in hight and weighs, 
when well, about He has 
dark hair, eyes and complexion, and was 
smooth-shaved when last seen. 

Any information concerning Mr. Bran- 
don will be gratefully received and for- 
warded to his wife by David Thomas, 
secretary, California No. 3, N. A. S. E, 
914 O'Farrell street, San Francisco, Cal. 


was 


mechanic 


5 feet 1014 


160 pounds. 
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Universal Craftsmen’s ‘Chambers 
Night” 





The fourth annual Elmer E. Chambers 
Night of the Universal Craftsmen Council 
of Engineers, tendered to the ladies, was 
held at the assembly rooms of the Lex- 
ington Opera House, Thursday evening, 
April 29. Although the night was very 
stormy, the hall was well filled, and the 
entertainment was most enjoyable. The 
“bunch” elicited generousapplause. Follow- 
ing the entertainment there was dancing. 
The committee of arrangements comprised 
W. H. Armstrong, chairman; M. J. Burke, 
J. E. Murray, George Quelet, James Har- 
ris, George Voet, Fred Maart. Frank 
Martin was floor manager, assisted by 
Frank Corbett, John L. Wilson, Herbert 
Self and Robert Lawhon. 

The officers of the association are: Otto 
Berger, worthy chief; Fred Maart, as- 
sistant worthy chief; Fred Anthony, re- 
cording secretary; M. J. Burke, financial 
secretary; S. S. Henderson, warden; 
George Quelet, treasurer; J. Wallace, 
guard; William Jones, chaplain; Joseph 
McKeown, past chief. 





Mott Haven’s Housewarming 


Mott Haven Association No. 47, N. A. 
S. E., held a housewarming Saturday 
evening, May 1, to celebrate its removal 
to the new lodge rooms in Loefler’s hall, 
One Hundred and Forty-eighth street and 
Willis avenue, New York City. The 
“bunch” entertained enjoyably. Addresses 
were made by Past National Presidents, 
Herbert E. Stone and Joseph F. Carney. 
Refreshments ‘were served. 





The Combined Associations of Engi- 
neers of the Borough of Brooklyn held 
the second annual dinner of its delegates 
at Feltman’s pavilion, Coney Island, on 
Saturday evening, April 24. An appetiz- 


ing dinner was served and an excellent 
entertainment was given by the “bunch.” 





Business Items 


SainERnee 


With 8800 employees on the payroll for 
April, the Diamond Rubber Company, of Ak- 
ron, Ohio, has under way extensions to its 
plant which will give employment to more 
than 200 additional men by fall. No new 
lines will be taken on by the company at 
present, but the increased space will be used 
for the extension of practically all depart- 
ments, including belting, packing, hose, rub- 
ber-covered wires, cables and tires. The city 
of Akron has lately vacated an entire street 
adjoining the Diamond factories to permit of 
the growth of the plant, and in return the 
Diamond company paid the entire cost of 
paving the remaining portion of this street 
not abutting upon its property, the bill for 
which will be not far from $15,000. 


E. H. Stevens, well known among steam power- 
plant and central-station men as the general 
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superintendent of plants of the Public Service 
Corporation of New Jersey, has become vice- 
president and general manager of the Bird- 
Archer Company, manufacturer of boiler com- 
pounds, 90 West street, New York. During 
his fifteen years’ experience in power-plant 
operation, costs and management, Mr. Stevens 
has had complete charge of plants aggregating 
several hundred thousand horsepower, and is 
therefore well prepared to deal with questions 
about feed-water treatment. The Bird-Archer 
Company is also to be congratulated in being 
able to offer to its customers the advice and 
help of such an experienced engineer. During 
the past five years he has used the company’s 
compounds exclusively and is well posted on 
the results that can be secured by using boiler 
compounds. Mr. Stevens will have complete 
charge of sales and will give his personal atten- 
tion to inquiries from large plants which hereto- 
fore have shown serious economy losses and high 
operating costs on account of scale, oil deposits 
and other troubles caused by bad feed water. 

The improvement in the business of the 
Westinghouse Machine Company’s shops at 
East Pittsburg, which has been noticeable for 
several months, continues in the most en- 
couraging degree. Since the first of April 
quite a number of orders for steam turbines, 
steam engines and gas engines have been 
booked, and the record for the first two 
weeks of this month shows a considerable 
increase over the same period of March. 
With the anticipated closing of quite a num- 
ber of contracts for which negotiations are 
now pending, the indications are that the 
April business will make an excellent showing. 
Among the contracts particularly worth men- 
tioning which the company has lately re- 
ceived is an order from the City Electric 
Company, of San Francisco, for a 15,000- 
hersepower steam turbine. This will be the 
most powerful steam turbine installed west 
of the Mississippi, its power capacity being 
about equal to ten of the largest-size express 
railway locomotives. This company has al- 
ready installed three Westinghouse steam 
turbines of a smaller size. The East Pitts- 
burg shops are also turning out at present an 
order from the city of Detroit, a 5000-horse- 
power steam turbine, and another of the 
same size is going to Nichols Copper Com- 
pany, of Laurel Iill, Long Island, while the 
Saginaw & Flint Railway Company, of Michi- 
gan, has contracted for an 1150-horsepower 
turbine and the Alaska Treadwell Gold Min- 
ing Company, of San Francisco, has ordered 
two 1000-horsepower machines of the same 
type. 





New Equipment 









The York Company, Saco, Me., is to enlarge 
ts power hou se. 

The Scotia Worsted Company, Woonsocket, 
R. I., will erect a new power plant. 

The Hygeia Refrigerating Company, Elmira, 
N. Y., will build an $80,000 addition to plant. 

The citizens of La Crosse, Wis., will vote on 
question to build a municipal electric lighting 
plant. 


It is said the Beacon Light Company, Chester, 
Penn., will spend about $125,000 on improvements 
at plant. 


Plans have been prepared for a new power 
house for, the University of North Dakota, 
Grand Forks, N. D. 

The Sierra Electric Company, recently granted 
a franchise in Red Bluff, Cal., proposes to erect 
two power houses. 

The Springfield (Ohio) Light, Heat and Power 
Company will erect a large addition toits plant 
on West Jefferson street. 


Julius A. Gebauer, Philadelphia, Penn., is 
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having plans prepared for a four-story factory 
and one-story power house. 

The Eldora Electric Light Company, Eldora, 
Iowa, will install two 150-horsepower boilers. 
Albert Tresner, superintendent. 

The Steelton (Penn.) Light, Heat and Power 
Company has decided to increase output and 
will install additional equipment. 

The Grand Rapids-Muskegon Power Com 
pany, Grand Rapids, Mich., is contemplating. 
installing a steam auxiliary plant. 

The Schenectady (N. Y.) Railway Company 
has let contract for the construction of.a new 
sub-station for the Saratoga division. 

It is reported the Southern Lumber and Ice 
Company, Hattiesburg, Miss., is planning to 
install an electric light and power plant. 

The electric light plant of the Nicholville (N. Y.) 
Electric Lighting Company was destroyed by 
fire, causing a loss of about $10,000. It will be 
rebuilt. 

The City Council, Waycross, Ga., has under 
consideration the question of installing an electric- 
light plant to be operated in connection with 
the water works. 

The citizens of Brewton, Ala., voted to issue 
additional bonds for the purpose of purchasing 
new machinery for the municipal electric light 
and power plant. 

The Isthmian Canal Commission, Washing- 
ten, D. C., will receive bids up to 10:30 a.m., 
May 24, for six boiler-feed pumps, steam and 
vacuum gages, ete., as per circular No. 508. 

The Navy Department, Bureau of Supplies 
and Accounts, Washington, D. C., will open 
bids June 1 for furnishing and _ installing 
boiler in power house at Naval hospital, Los 
Animas, Colo., as per Schedule 1214. 





Help Wanted 


Advertisements under this head are in- 
scerted for 25 cents per line. About six words 
make @ line. 


WANTED—Thoroughly competent steam 
specialty salesman; one that can sell high 
grade goods. Address “M. M. Co.,’”’ Powrr. 


AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 


WANTED—An engineer experienced in de 
sign and application of electric controlling 
devices for industrial installations. Must 
thoroughly _understand latest commercial 
systems and apparatus. No application will 
be given consideration except from engineers 
of established reputation and experience. In 
reply, give references, experience and salary 
expected. Box 48, Power. 


Situations Wanted 





Advertisements under this head are inserted 


for 25 cents per line. 
a line. 

MASTER MECHANIC desires change; prac- 
tical machinist of twelve years’ experience: 
West preferred; references. Box 46, Power. 

POSITION with large company as travel- 
ing or supervising engineer of power plants 
and machinery. Hold such position at pres 
ent with large corporation, having charge of 
power plants and machinery upkeep, boiler 
tests, engine indications, etc. Box 40, Power. 

SITUATION by chief engineer; can handle 
turbines, engines, condensers, stokers, and 
men, and can get results. References from 
present employers and leading engine build- 


About six words make 


ers. Box 47, Power. 
CHIEF ENGINEER, accustomed to the 


operation of large industrial, electrical power 
plants, and capable of producing results. 
would like to connect with a concern which 
desires a first-class man. Box 49, Power. 

SITUATION WANTED as engineer by 4 
young man holding a good Massachusetts li- 
cense; capable of taking charge of repair 
shop in textile or paper mill; able-bodied and 
not afraid of work; can give best of references 
and good reasons for wishing a change; the 
West preferred. Box 50, Pownrnr. 
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Mechanical Equipment of the Plaza Hotel 


The Power Plant of a New York Hostelry Which Cost Nearly Four- 
teen Millions and Is Considered the Most Magnificent in the World 





BY 


The Plaza hotel, the most magnificent 
structure of its kind in the world, is lo- 
cated at Fifth avenue plaza, Fifty-eighth 
and Fifty-ninth streets, New York. City. 
It occupies + an entire block on Fifth 
avenue, with a frontage of 250 feet on 
Fifty-ninth street, and 125 feet on Fifty- 
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visitor’s attention is at once attracted by 
its ample proportions, occupying space 
practically equivalent to the floor area of 
the hotel. This provides abundant room 
for working around each machine; noth- 
ing is crowded, and the various units are 
arranged in an orderly manner and with 
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The power equipment consists of four 
simple Allis-Chalmers Corliss engines, di- 
rect-connected to Westinghouse genera- 
tors. Two of the engines have 18x42-inch 
cylinders, one 22x42 and one 25x48. _ Be- 
sides the usual safety cams on the catch- 
block collars, each engine is equipped with 








eighth street. It is constructed of white 
marble and terra cotta, contains 750 rooms 
and represents an investment of $13,500,- 
000, the mechanical equipment costing 
$1,780,000. 


EnctIne Room 
Upon entering the engine room the 


FIG. I. A PORTION OF THE ENGINE ROOM 


considerable skill. The finish of the walls 
and flooring and the general appearance 
of the machinery add to the attractive- 
ness of the installation. The engine room 
is in the subbasement and has white- 
enameled brick walls; while the flooring 
consists of white tile blocks 6 inches 
square. 


an auxiliary governor which, in case of 
excessive speed, cuts off the flow of 
steam. An automatic gravity oiling 
systenr. lubricates the most important 
bearings. The engines are run noncon- 
densing on an initial steam pressure of 
135 pounds. They are painted a deep 
maroon, striped with gold, which, together 
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with the carefully polished bright sur- 
iaces, forms a pleasing contrast to the 
white floors, walls and ceiling. Figs. 1 
and 2 give an’ idea of the arrangement of 
the generating units, there being two 
side by side at each end of the room. Fig. 
3 is a plan view of the entire plant. 


REFRIGERATING PLANT 

The refrigerating plant comprises two 
complete systems, constituting one of the 
most elaborate refrigerating plants in 
New York. It embodies a number of 
features not usually found in an installa- 
tion of this kind. The compression and 
absorption systems are used, there being 
a 100-ton York compressor and a 100-ton 
York absorption machine. Two systems 
were adopted to insure the greatest 
economy during every month of the 
year. The absorption system is operated 
during the fall, winter and spring months, 
when the condensing water is cool and a 
plentiful supply of exhaust steam is avail- 
able to operate the generator. The com- 


pression system is used during the sum- * 


mer months, when it is necessary to use 
live steam from the boilers, and the 
temperature of the ‘condensing water is 
high. Either machine is capable of sup- 
plying the building with ice and refrigera- 
tion. 

The compression machine, Fig. 4, is so 
constructed that in case either of the 
steam or ammonia cylinders is disabled, 


it can be operated by the side remaining - 


intact. The unit consists of two vertical 
single-action ammonia compressors oper- 
ated by a 75-horsepower cross-compound 
Corliss engine running noncondensing. 

The condensers ar¢ of the double-pipe 
countercurrent type," constructed in sec- 
tions, so that any.’ section can be shut 
off and removed ‘for repair without the 
necessity of stopping the plant. As shown 
in Fig. 5, the ¢ondensers for both systems 
are located jon the grating over the re- 
frigerating “machine. The coolers are of 
the vertical ‘shell type and are incased in 
matched _ lagging, the brine passing 
through coils. of pipe in the shell. 

In the absorption system the two pumps 
which handle the strong aqua ammonia 
from the absorber to the generator are of 
the double-acting steam-driven type, auto- 
matically governed. The generator of this 
system is of the horizontal type, having 
a vertical analyzer, the generator being 
so designed and containing such an 
amount of heating surface that it can be 
operated by exhaust steam at atmospheric 
pressure. The ammonia condensers are 
of the same type as those used with the 
compression system. They are also so 
arranged that by shutting suitable valves 
sections of the coils may be removed for 
repair when necessary. The ammonia 
coolers are of the vertical shell type of 
the same design as those in the compres- 
sion system; the absorber is of the hori- 
zontal type and the exchanger of the ver- 
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tical shell type, while the weak aqua 
cooler is of the double-pipe countercur- 
rent type. 

The entire refrigerating equipment con- 
sists of the brine system, the brine be- 
ing pumped to the various departments 
of the hotel by means of four Worthing- 
ton vertical brine pumps of the “Ad- 
miralty” simplex type, located in the en- 
gine room just outside the refrigerating 
room. There are two main brine lines, 
one a high-pressure and the other a low- 
pressure, each fed by two brine pumps. 
The high-pressure line consists of a three- 
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pipe balanced system and handles all the 
work necessary to cool the refrigerators 
on all floors up to the seventeenth. 
Thirty refrigerator boxes are _ located 
above the ground floor, while there are 
24 boxes in the basement and _ subbase- 
ment. The boxes are of steel, cork and 
glass and are practically indestructible. 
On the seventeenth floor is.a refrigerating 
room for furs, etc. 

In operation, the brine is cooled in the 
cooler and is sent up through the feed 
mains to the coils in the different re- 
frigerators. The brine then passes through 


pen 


$ 
3 
a 
a 
2 
a 





FIG. 3. PLAN VIEW OF THE ENTIRE 
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the return main to the reservoir tank one 
the seventeenth floor and is returned 
through the suction pipe to the pump and 
again circulated through its cycle. 

The refrigerating boxes in the kitchen 
and all other places on the first floor 
are cooled by means of the low-pressure 
system, which is also used: in the manu- 
facture of ice. The suction pipe of the 
brine pump on this system is attached to 
the ice-making tanks which are located 
in the engine room and are shown in Fig. 
6. The brine is discharged through the 
cooler and is then passed through the 
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) Fiker FIG. 2. ANOTHER VIEW IN THE ENGINE ROOM 
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7 various refrigerator boxes, when it re- ing tank is accomplished by means of 
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ped ; : ‘ 3 

= turns to the ice-making tanks. a vertical motor-driven, agitator which 

FJ ‘ ; : ‘. : 

fs The ice tanks have a capacity of two keeps the brine in the tank in constant 

t==3 hundred 400-pound cans and about 15 and rapid circulation. Fig. 6 shows the 

= | tons of ice per twenty-four hours. The method of removing a can of ice by means 

Ed brine leaves the coolers at about 2 de- of a hand traveling crane; also, the 

: 4 grees above zero, and after passing method used in filling the cans with sweet 

c . 

b-4 through the various boxes reaches the water that has been passed through a 

fey ° ° ° . 

Fei | ‘3 freezing tank at a temperature of about series of Buhring filters. 

iT! a e . . — ° 5 ° ° ° 

FS & 22 degrees. The circulation in the freez- ~The entire refrigerating equipment, 

ES where ammonia is used, is placed in a 

is Kitchen : 

Ed -Air Discharge room separated from the engine room 

=e a See pecan Saws by a wall partition, the only entrance be- 

| oO Rolling Shutter ° ° ‘ ; 

= ing through a side door. If an accident 
i Fresh Air Chamber ” = gine | Sub. should occur the door may be easily shut, 

Ey - Refiise Deatewstr ~ f'f Porte ii 4-H Discbs and a ventilating duct leading to the street 








opened from outside the room, thus per- 
fant — sae = ; — 1 mitting the ammonia fumes to escape and 
' Vtrut vn Ae SRW SEBSSS f 2 7 

=F; 7 . vhs prevent them from finding their way to 
Exhauster } ° 


the hotel rooms above. The room con- 
taining the refrigerating equipment is but 
75 feet 6 inches long and 21 feet 9 inches 
wide. Both systems were built and erected 
by the York Manufacturing Company. 
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A study of the plan view of the entire 
power plant shows that the boilers are 
located adjacent to the engine room, and 
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1 70 are set in two rows facing each- other 
= 
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with a wide working space between, as 
well as at the rear. The nine Babcock 
& Wilcox water-tube boilers have a total 
capacity of 3500 horsepower, and supply 
steam not only for power, but for cooking 
and other purposes found desirable, in 
Dh cenacans hotel work. The boilers are made of 
wrought steel and are designed to carry 
: 4 a Steam pressure of 200 pounds per square 
ENGINE, BOILER AND REFRIGERATING ROOMS inch; the working pressure is 135 pounds 
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per square inch, however, which has been 
found suitable for the work required. As 
all boilers are not in use at the same time, 
sufficient opportunity is afforded for 
cleaning, etc. 

Each boiler is fitted with a Wilkinson 
automatic stoker and the accompanying 
steam jet, two Lunkenheimer safety con- 
solidated pop valves, and a Hubner & 
Mayer double-action combination stop and 
cutout valve, which cuts out the par- 
ticular boiler it is connected to in case of 
accident to that boiler or piping. An 
unique arrangement of the boiler room is 
in the manner in which the firing floor 
separates the lower portion of the boiler 
room from the upper. It is made of iron 
gratings placed on.a level with the top of 
the stoker hoppers. On this flooring is a 
narrow track over which the coal is con- 
veyed from the coal bunkers located at 
one end and above the boiler room. The 
cars are of such design that the coal 
is delivered to the hopper of each stoker 
through a chute on the side. This is 
shown in Fig. 7, which also illustrates 
the general arrangement of the boilers. 

In Fig. 8 is shown the under side of 
the grating floor, or the ashpit section. 
Here the machinery for operating the 
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stokers is arranged; also, the steam jet, 
as shown. This section of the boiler room 
is of the same width as that above the 
grating floor, and is also fitted with a 
narrow track upon which’ the ash car 
is run. The ash and clinker are shoveled 
from the ashpit into the car and delivered 
to a Hunt steam-operated conveyer, which 
delivers it to the ash cart. The same 
conveyer is used for conveying the coal, 
which is dumped through a hole in the 
sidewalk, into a weighing hopper where it 
is weighed and then conveyed to an I100- 
ton storage room. 

Each boiler blowoff pipe is connected to 
a blowoff tank 4 feet in diameter and Io 
feet long, made of flanged steel 3% inch 
thick; the heads have a thickness of 4% 
inch. The tank is fitted with 100 lineal 





FIG. 5. THE ABSORPTION MACHINE 
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at a hight sufficient to clear the man- 
holes. From the headers the main steam 
pipes branch off and extend to the va- 
rious pumps, engines and other equip- 
ment. The piping through the plant is 
constructed of extra-heavy and_ full- 
weight piping having gun-iron fittings and 
Van Stone joints. In front of the switch- 
board, and about central between the 
four engines, is a National Steam Spe- 
cialty Company separator, to which the 
engines are piped. 

An 18-inch pipe conveys the exhaust 
steam to a receiver, from which it is dis- 
tributed to 79 risers which connect with 
radiators through the building. Each 
radiator is controlled by a Johnson ther- 
mostat valve which,.regulates the tem- 
perature of the rooms. The returns from 
the heating system are taken care of by 
the Warren Webster system of apparatus. 





FIG. 8. SECTION OF BOILER ROOM UNDER 
FLOOR GRATING, SHOWING ASHPIT 





feet of 3-inch seamless brass pipe used 
for cooling coils. ~ 

The feed water is heated in a Goubert 
feed-water heater containing 600 square : 
feet of heating surface. It is 34 inches ‘ Se . & % ive 
BpAt pes, a0 oe com » 
BRE Sr or! 


in diameter and 152 inches high. There 
is also a Goubert feed-water heater placed 
in the 7-inch vent line, utilizing waste 
heat from the vapor line. It is 12 inches 
in diameter and 7o inches long and is pro- 
vided with 7-inch nozzles for vapor lines 
and 5-inch feed inlet and outlet lines. 
3oth heaters are designed to sustain a 
working pressure of 200 pounds. 


PIPING 


Owing to lack of head room, the 16- 
inch high-pressure steam header for each 
battery of boilers is run along the front 








FIG. I0. VIEW OF SWITCHBOARD 


One 14-inch steam separator and re- 
ceiver containing 51!4 cubic feet of steam 
and water space is located on the main 
power line. One 8-inch separator and 
receiver containing 17 cubic feet of steam 
and water space is located on the aux- 
iliary line. These separators were also 
made by the National Steam Specialty 
Company. 


Pumps 

Four “Admiralty” pattern Worthington 
boiler-feed pumps, each controlled by a 
Fisher governor, supply the feed water 
to the boilers after passing it through a 
Goubert feed-water heater, which heats 
the water to a temperature of 210 de- 
grees. In the rear of the boilers, Fig. 9, 
are located pumps for different services, 
while in the engine room proper are 
placed the pumps for hot and cold water 
FIG. 9. A SECTION OF THE PUMP ROOM house service. These pumps are of the 
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“Admiralty” compound duplex type of 
Worthington make. 

There are two 8x1I2x7%4xIo compound 
duplex steam pumps of the vertical type 
used for pumping out the receiver tanks 
and ‘for feeding fresh water to the boil- 


ers; two 9x6xio-inch duplex steam 
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to a simple Corliss engine. The speed 
is go revolutions per minute for the 
larger units and 100 revolutions per 
minute for the three smaller units. The 
generator circuits are ‘extended to the 
switchboard by means of underground 
ducts: Because of the length and size of 








FIRING FLOOR OF THE BOILER ROOM 








FIG. II. AIR COMPRESSORS 

pumps for draining the high-pressure drip 
tanks; two 744x4%x10-inch duplex steam 
pumps used for draining the blowoff tank 
and low-pressure drip tank; and three 
714x5x6-inch duplex steam pumps _ for 
draining cesspools, each pump being gov- 
erned by a Johnson automatic regulator, 
thus regulating the hight of water in the 
cesspools. All of these pumps are brass- 
lined and are of Worthington make. There 
also in the pump room a _ IoxI4x1I6 
Knowles pump used for vacuum and 
feed-water heater service. 


is 


ELECTRICAL EQUIPMENT 


The electrical equipment consists of 
four Westinghouse direct-current genera- 
tors, one of 400, one of 300 and two of 
200 kilowatts capacity. The current is 
generated at 120 volts, the machines being 
compound wound, each direct-connected 
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cally from the switchboard. All of tl 
feeders terminate near the top of the 
switchboard and connect to copper strips 
connected to the busbars and extending 
to the top of the board. The power fee! 
ers are connected to double-arm circuit 
breakers, which also answer as switch 
As the switchboard is 8 feet high and 
feet long, there is no confusion of th 
wiring on the back, and the differen 
connections are arranged in a neat, com 
pact manner. 

The switchboard, Fig. 10, is made of 
gray Tennessee marble and is divided into 
I2 panels, four generdting panels being 
in the center of the board, three feeder 
panels at each ‘end of the board, each 
containing 26 separate circuit switches, 


FIG. 13. GAGE BOARD 














FIG. THREE-CYLINDER 
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necessary to 


the generator lead wires 
‘carry the current and to avoid compli- 
cated busbar construction on the rear of 
the switchboard generator panels, 
cial automatic dynamo switches are lo- 
cated near each generator for the equal- 
izer connections, to be operated electri- 


spe- 


HIGH-DUTY ELEVATOR PUMP 


and two instrument panels, one placed on 
each side of the generating panels. These 
ling 
ters, 
ring 
tors; 
and 


two panels are equipped with recor 
wattmeters, indicating ampere ™ 
registering ampere ammeters, regis! 
voltmeters and time-service indic 
besides the ampere meters, voltmeters 
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PLAZA OPERATING CO. 
JOB TICKET 











ENGINEERS DEPARTMENT a a >; = 
REC'D COMPLETED 
JOB NO. DEP’T LETTER NO. 
LOCATION 
LABOR 
NAME HOURS RATE PER DAY 





Signature: Power, N.¥. 


FIG. I4. JOB TICKET 


galvanometer which are mounted on the 
generator panels. There are 52 double- 
pole knife switches for controlling the 
lighting circuits and 26 double-arm cir- 
cuit-breakers for controlling the power 
feeders, the latter being mounted on the 
feeder panel. The fuses are placed on 
the rear side of the switchboard. The 
current is used not only for the 23,000 
incandescent lights in the hotel, but also 
to run the various motors through the 
building which operate the ventilating 
system as well as the filtered-air fans. 


MISCELLANEOUS 


Two mains connected with the city 
supply furnishes the necessary water, 
which is filtered through Loomis-Man- 
ning filters having a total capacity of 
1,500,000 gallons per day. The drinking 
water is again filtered through a Buhring 
filter. On the eighteenth floor are stor- 
age tanks in which 75,000 gallons of water 
is stored for use in case of fire. The 
pumps in the pumping plant are so ar- 
ranged that 4000 gallons of water per 
minute can be pumped through the fire 
line to the tanks. 

Compressed air is used for operating 
a tube system designed to carry mes- 
sages, etc., to various parts of the house. 
A vacuum-cleaning system is also in- 
stalled, thus doing away with the ordi- 
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FIG, 15. ORDER TICKET 


nary manner of cleaning. These ma- 
chines are placed in a separate room, Fig. 
11. The system is operated by two steam- 
driven air pumps. 

All of the machinery found in a well- 
equipped laundry is installed in the 
laundry connected with the hotel, all 
driven by electric motors. The dumb- 
waiters are 13 in number and are electri- 
cally operated. 

There are 14 ventilating fans of the 
Sturtevant company’s make, operated by 
eleven C & C motors, aggregating 250 
horsepower. 

The Standard plunger-elevatcr equip- 
ment consists of 10 passenger cars and 
three sidewalk lifts, besides the 13 
dumbwaiters already mentioned. The 
passenger elevatovs are of the hydraulic 
plunger type. Each car is fitted with 
safety devices which makes it impossible 
for the operator to start the car until he 
has closed the door. The same device 
also prevents the door of the car from 
being opened while the car is between 
floors. The hydraulic power for these 
elevators is supplied by two 16x25x13x18- 
inch Laidlaw-Dunn-Gordon tandem com- 
pound pumps, and one three-cylinder 
compound flywheel-type high-duty pump 
made by the same company. An_ in- 
genious method of arranging the two 
high-pressure water tanks (175 pounds) 
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DISTRIBUTION OF MECHANICAL STORES 
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connected with the elevator system is 
shown in Fig. 12. It will be seen that 
the tanks are suspended from a frame- 
work of iron beams directly over the 
three-cylinder engine, thus utilizing over- 
head room and saving that much floor 
space. The low-pressure tank, which 
carries a pressure of from 10 to 30 pounds, 
is- located at the back end of the pump 
on the floor in a horizontal position. 

Fig. 13 shows an attractive gage board, 
designed by the Baker-Smith Company, 
the gages indicating the temperature of 
different water lines, steam pressure, ete. 

Among other equipments is that of a 
Morse-Bulger garbage crematory, the 
heat generated from the garbage fires 
being used for one of the boilers. 


Rerort SHEETS 

A word regarding the working force 
and method of keeping the report sheets 
of this installation is of interest. There 
are on the average 90 men connected with 
the engineering force. The men _ in 
the boiler and engine room work in three 
shifts, each shift lapping over two hours. 
This is to prevent the possibility of an 
accident occurring by someone neglecting 
to do some particular duty, due to a 
change of the entire shift; by having the 
watch lap over, it is less likely that an 
accident will occur. 
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The engineers’ report forms were de- 
signed by the chief engineer, J. C. La Vin, 
and are reproduced herewith. By means 
of these reports it is possible to know 
at any time just what has been done by 
any workman and in what department the 
labor and material were -used. When a 
man is given a piece of work to do he is 
given an order and job ticket similar to 
that shown in Figs. 14 and 15. When 
the tickets are properly filled in by the 
workman every detail regarding that par- 
ticular piece of work is available, if at 
any time information is desired pertain- 
ing to it. 

The report sheet pertaining to the dis- 
tribution of labor about the mechanical 
and house department is shown in Fig. 16. 
That pertaining to the distribution of sup- 
plies for the mechanical and house de- 
partment is shown in Fig. 17. By means 
of these report sheets the labor and ma- 
terial charged to each department are 
easily ascertained, as they are made up 
from the job ticket. Thus, if in looking 
over the report sheet of distribution of 
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COMPRESSION REFRIGERATING PLANT. PLAZA HOTEL, N.Y. 
CHIEF ENGINEERS DAILY LOG: 
FOR 24 HOURS ENDING AT_____...-__--__----- 190.__ 


PRESSURES TEMPERATURES 


Ive Tank 


Water to Machine 
Final 

Previous 

Cubic Ft, Used 





STRENGTH OF 
BRINE 


Rev, || Time At 60° F, 


ICE MAKING 
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the necessary data the report enables the 
chief engineer to ascertain just what has 





TEMPERATURES, 


Time Testa Gas 
4P. Mu. 
ae 
4A. ML. 
ez 


Average 


PRESSURES 
GENERATOR 
Steam 


Cans Pulled Tons Harvested Tons to Kitchen 


TONNAGE OF MACHINE 


* Average Range = == Tons Refrigeration 
i * * 
me 2 x x 

Total 


Rev, of Brine 





Remarks 


FIG. 19 


labor it is seen that boiler No. 1 had had 
work done on it charged to job No. 100, 
by ‘referring to job ticket No. roo the 
detailed report of what was done, hours 
consumed in doing the work and _ the 
amount and kind of material required to 
do it are ascertained. The report sheets 
on distribution of labor and mechanical 
stores is a tabulation of the job tickets in 
a condensed form. 

In Figs. 18 and 19 are reproduced in re- 
duced form the chief engineer’s daily 
reports of the absorption and compression 
refrigerating plants. It will be seen 
that each report is most complete and that 
when the engineer on watch has filled in 


Tons to Restaurant Tons to Bars Date 


been done. In Figs. 20. and a1 are 
shown the chief engineer’s report sheets 
for boilers and auxiliaries, respectively. 

From the foregoing it will be seen that 
the chief engineer is always in a position 
to ascertain the exact cause for any in- 
creased expense one week or month over 
another, as well as for one year over 
another. 
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The Curtis turbine-driven fireboats at 
Chicago, Ill., gave excellent account of 
— themselves in the fire which destroyed 
several Chicago grain elevators on April 
29. The “Graeme Stewart” promptly re- 
sponded to the first alarm at 4:30 a.m, 
and was shortly afterward in service with 

ciuseaamah ‘Seung full pressure on the two gun nozzles. The 

ON DUTY “Joseph Medill,” although not in com- 
Tne On| Timeoe xe mission, went into action on a hurry call 
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STRONG A WEAK A BRINE 








a few hours later with one of the gun 
nozzles and several hose in operation. The 
operation of both boats was satisfactory 
in every respect. 
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Operation of a Small Producer 
Gas Power Plant* 





By C. W. OBERT 





The new Westchester market which 
Swift & Co., recently built in New York, 
at One Hundred and Fifty-second street 
and Brook avenue, contains an interesting 
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tons of refrigeration per 24 hours under 
the most severe summer weather condi- 
tions; two 65-ton refrigerating machines 
were installed for this service, with 
equipments in duplicate, owing to the 
great importance of continuity of re- 
frigeration, particularly in hot weather. 
A maximum of nearly 90 horsepower is 
required for compression machines of this 
size and engines of 100 horsepower were 
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FIG. 


producer-gas power plant for the opera- 
tion of both refrigerating and electric- 
generating machinery. The refrigerating 
duty at present required embraces the 
operation of a total cooling system con- 
taining over 46,000 feet of 2-inch pipe, 
which reaches a maximum of over 100 


*\bstract of a paper presented at the Wash- 
ingion meeting of the American Society of 
Mechanical Engineers, May 4-7, 1909. 
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selected for driving them, to provide suffi- 
cient capacity for unfavorable or over- 
load conditions. 

The electrical load, which includes the 
operation of several electric elevators, 
fluctuates ordinarily between 30 and 50 
kilowatts, but occasionally reaches a 
maximum of over 60 kilowatts. For this 
service, duplicate 75-kilowatt generators 
were installed, with driving engines of 
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100 horsepower. This was done to secure 
uniformity of size and detail in all four 
of the driving engines. 

For gas making, two producer equip- 
ments were installed. One of these is a 
200-horsepower producer, intended for 
the supply of one refrigerating machine 
and one generator engine when operating 
at maximum capacity. 
150 horsepower 


The other is of 
capacity to permit of 
closer adjustment of the producer capacity 
to the load at other times. 

The plant arrangement consists of an 
engine room in the easterly end of the 
subbasement of the market building, and 
a producer room adjoining, the entire 
power equipment occupying a total space, 
including fuel storage, of 48 feet by about 
55 feet. Headroom for the machinery and 
piping is afforded by the depression of the 
subbasement floor to a level 16 feet below 
the street, and the omission of the base- 
ment floor in this section, giving thus a 
clear headroom of 18 feet. To meet the 
requirements of the underwriters, the 
producer space was separated from the 
engine room by a 6-inch hollow-tile fire 
wall, forming a producer room 20% feet 
by 24 feet maximum dimensions. Under 
the One Hundred and Fifty-second street 
sidewalk there is a room 11 feet by 29 
feet, containing pumps and auxiliaries for 
the power equipment and the building 
heater; and adjoining this is a space II 
feet by 30 feet for fuel storage; the coal 
is dumped into it through sidewalk coal- 
holes from wagons in the street. 

The engines are Rathbun vertical, three- 
cylinder units, of 100 horsepower, rated 
at 280 revolutions per minute. The two 
for the electrical service are direct-con- 
nected to 75-kilowatt generators and the 
other two through silent-chain drives to 
the ammonia compressors of the re- 
frigerating equipment. They are all of 
the four-stroke-cycle, single-acting, in- 
closed type, and each has 123% inches by 
13-inch cylinders, designed for the above 
rating when operating on producer gas 
of not less than 125 B.t.u. per cubic foot. 
Throttle regulation is employed. 

The gas is generated by two Smith up- 
draft suction producers. Each equip- 
ment consists of a simple shell generator, 
a wet scrubber and a dry purifier. While 
the producers differ in rated capacity to 
permit of more accurate adjustment of 
their capacity to the power requirements at 
different seasons of the year, the scrub- 
bers and purifiers have a maximum capa- 
city of 200 horsepower, which permits the 
smaller generator to operate up to the 
maximum plant canacity of 200 horse- 
power, if requirec to do so temporarily. 
The smaii ana farge generators have 
6-foot and 7-foot shells, respectively both 
12 feet in hight, and their internal diame- 
ters are 444 feet and 5% feet, respec- 
tively. ‘shey are fitted with shaking 
grates for operation with anthracite. 
They are not fitted with attached vapori- 
zers nor air preheaters, but have an auto- 
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matic attachment for regulating the 
amount of water vapor to conform to the 
power requirement and consequent rate of 
gasification. The wet scrubbers are verti- 
cal cylinders, each 4 feet in diameter by 
15 feet high, and the dry purifiers have 
4-foot shells 6 feet high. 

The piping:of the plant was somewhat 
involved by the arrangement of the en- 
gines relative to the producers and by 
automatic vaporizers in the exhaust con- 
nections to utilize the waste heat of the 
engines for the vaporization of the water. 
The vaporizers are located close to the 
engines and attached to each vaporizer is 
an automatic device through which air is 
admitted and preheated for the producers. 
The air is conducted to the producers 
from these devices by a tIo-inch pipe 
heavily covered with magnesia insulation. 

An 8-inch pipe connects the top of the 
generator to the bottom of the scrubber 
shell and each scrubber has a triplicate 
connection to its corresponding purifier, 
which is a three-part filter. From these 
the gas is conducted to the engines 
through a 5-inch main with a 3%-inch 
branch to each engine. The exhaust con- 
nections from the engines to the vapori- 
zers are’ 5-inch pipes and from the latter, 
individual discharge pipes are carried up 
through a pipe shaft in the corner of the 
building to a roof outlet. This arrange- 
ment of exhaust connections is so effec- 
tive in muffling the noise of the escaping 
gases that it cannot be heard from the 
adjoining street and is only barely noticea- 
ble when on the roof close to the outlets. 

The electrical generators are 75-kilowatt 
General Electric direct-current 220-volt 
machines, each rigidly coupled to its driv- 
ing engine. The distribution for both 
lighting and power is on the two-wire 
system. The electrical circuits are con- 
trolled on a three-panel switchboard which 
contains the usual equipment of indicat- 
ing and recording instruments, field rheo- 
stats, field switches and generator and 
feeder switches. ‘The building is wired 
separately for lighting and power circuits, 
and recording watt-hour meters are in- 
cluded in the feeder circuits. Separate 
busbars are provided for the power and 
lighting feeders, as well as a switching 
arrangement by which the lighting service 
may be supplied from a generator other 
than that carrying the power load, in 
case the fluctuations of the latter should 
interfere with the voltage regulation. 
This provision has been found unneces- 
sary, however, as the speed regulation of 
the engines is satisfactory under all 
fluctuations of load due to elevator 
operation. 

The refrigerating equipment is the di- 
rect ammonia-expansion system, a feature 
of which is the connection of all coils in 
the coolers in series with those in the 
freezers, whereby all ammonia not thor- 
oughly evaporated in the freezer coils 
will be in the cooler coils (temperature, 
36 degrees Fahrenheit), -which permits 
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carrying the freezer temperature at from 
o degree to +5 degrees without frosting 
the compressor. The compressors were 
built by the Hutteman & Cramer Com- 
pany, and are horizontal single-cylinder 
double-acting machines, with 14 inches by 
30-inch cylinders, each driven at 60 
revolutions per minute, by a Renold sil- 
ent-chain connection from its driving en- 
gine. The ammonia condenser is located 
on the roof of the building. The water 
supply for it is obtained from a well un- 
der the basement floor, and the drainage 
from the sprays is subsequently utilized 
in the scrubbers and in the engine-cylinder 
jackets. One of the compressor units 


normally handles the load alone, which 
leaves one equipment always in reserve. 
In operation this plant has proved par- 
ticularly economical, largely because of 
service 


the continuous character of the 
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high loads to about 1 pound per _horse- 
power-hour, but the daily average under 
conditions of ordinary commercial opera. 
tion is usually greater. 

The cperating conditions during th 
heavy-load season are indicated rough! 
in the accompanying table, in which th 
relation of fuel consumption to load cat 
ried is shown for two weeks of similar 
duty. The variations in the amount . 
fuel charged from day to day are du 
chiefly to the differing conditions of th 
fued bed in the producer, the removal of 
a particularly large amount of ashes on 
any day necessitating a heavy fuel charge. 
No account is taken of cost of water used 
in the scrubbers and cooling jackets, as 
the supply is obtained from the well with- 
ut cost other than that of pumping. 

The fuel used is No. 1 buckwheat 
anthracite that has been passed over a 
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due to the operation of the refrigeration 
plant 24 hours a day, seven days a week, 
thereby eliminating standby losses. The 
average load range of the plant is ordi- 
narily from 50 per cent. (100 horsepower ) 
to full rated load (200 horsepower), the 
high- and low-load factors occurring dur- 
ing the summer and winter months re- 
spectively, when the refrigeration re- 


quirements are maximum and minimum. 


With the heavier load factor during the 
summer months, the fuel consumption has 
ranged between 3400 and 4800 pounds per 
24 hours, the larger figure having been 
exceeded on only two days in 11 months. 
The consumption per brake horsepower- 
hour, as calculated from station. fuel re- 
cords and observed loads, ranged from 
1.4 to 2 pounds of coal. The fuel rate 
has dropped during periods of continuous 


¥-inch mesh and through a 9/16-inch 
mesh screen, with 5 per cent. fineness, and 
costs $3.50 per gross ton delivered in 
cargo lots. It is charged only at the regu- 
lar cleaning periods, at each of which 
from 400 to goo pounds of coal is fed, 
after the fire has been cleaned down and 
the ashes removed from the grate. The 
fire is cleaned periodically twice every 
shift, or four times per 24 hours and re- 
quires about an hour for cleaning, on the 
average. 

In this connection it is interesting to 
note the comparatively short time fe- 
quired to start a producer into service 
from the cold condition, which has heen 
done repeatedly on short notice in about 
five hours; om December 12, when the 


150-horsepower producer was placed in 
operation to relieve the larger unit, the 
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kindling wcod was lighted at 10 a.m. and 
he gas supply turned onto the engine at 
2 pm., with only about 12 inches of fire 
zone in the fuel bed. The reliability of a 
suction producer operating under a con- 
tinuous and exacting service of this char- 
acter is well shown by the duty of the 
200-horsepower producer during the sum- 
mer season of 1908. When taken out of 
service on December 12 this producer had 
been continuously in service 24 hours per 
day and seven days per week since April 
22, a continuous run of 235 days. Dur- 
ing that time it had received no more 
attention than the four cleanings and 
chargings per 24 hours. 

The operating force for the power plant 
consists of a chief engineer, an assistant 
engineer and two producer tenders, who 
work in two shifts. This force is able to 
maintain the equipment in such satis- 
factory operating condition that the plant 
has not been shut down since it was 
started on February 1, 1908. In order to 
maintain the equipment in such condition, 
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75 horsepower is taken by the refrigerat- 
ing system. Next the water regulation 
for the steam supply is noted and then the 
condition of the suction draft on the pro- 
ducer and also on the scrubber and puri- 
fier, there being three draft gages pro- 
vided for this purpose, one connected to 
the gas-suction line to the engines, the 
second to the gas connection from the 
scrubber to the purifier and the third to 
the connection between the producer and 
scrubber. A uniformity of suction of 
from 2 inches to 3 inches of water in these 
three gages indicates a proper condition 
of the three units, while any unusual suc- 
tion in any of the connections would indi- 
cate an obstruction needing immediate 
attention. 

Next an inspection is made of the gas 
generator, the temperatures of different 
portions of the fire being determined to 
ascertain the condition of the fuel bed, the 
existence of cracks or fissures or pockets 
of unburned coal. To do this, a 5/16- 
inch iron rod is pushed into the_ fire 








RECORD OF LOAD AND FUEL FOR TWO HEAVY WEEKS. 
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| Kilowatt- 








| Hours.* 

Sunday, duhiy 26. 1908. ....52565 } 332 
Monday, ce eee ee | 400 
Tuesday, ee 8 bw ah awe | 404 
Wednesday, July 28 _~—_i.......... - - 390 
Tharmday, JU DD acscccvcn | 410 
Friday, (Serer rece 415 
Gaturday, DMV BE  .cucssccn 403 
Sunday, August 22, 1908....... 328 
Monday, pS | 386 
Tuesday Aumust 24020 ww we ess | 393 
Wednesday, Aupust 25k wees 392 
Thursday, August 26  ._.......... 397 
Friday, (ee | 391 
Saturday, August 28 3... «ss 393 

ine nuiate nck Gao aaa | 5,434 




















Loap. 
Refrigerat- | 

ing Load, | Total Load, Coal 

B.h.p.- B.h.p.- B.h.p.- Charged, 

Hours.t+ Hours. Hours. Pounds. 
556 2,010 3,600 
600 2,030 3,900 
606 2,020 3,540 
585 2,020 2,605 3,180 
615 2,030 2,645 4,020 
622 2,040 2,662 4,320 
605 2,020 2,625 4,080 
549 2,030 2,579 3,660 
579 2,020 2,599 3,420 
589 2,020 2,609 3,600 
588 2,010 2,598 3,540 
596 2,010 2,606 3,840 
586 2,020 2,606 3,540 
590 2,020 2,610 3,720 
8,266 28,300 51,960 


36,566 





*Recorded by watt-hour meters. 


+Deduced from kilowatt-hours by assuming 80 per cent. efficiency for the generator during light- 
load periods and 90 per cent. for the remaining time. 








a thorough and comprehensive operating 
system has been developed which may be 
of interest. 

The operating system involves a thor- 
ough inspection routine that keeps the 
force well informed as to the condition 
of the entire equipment and a division of 
duties tending to favor the maintenance 
work. To the day operating force is 
assigned the inspection and adjustments 
of the engines and repairs to igniters, bat- 
teries, ete., while the night force has the 
work of cleaning all machinery. The 
regular routine of the day force in detail 
is as follows: : 

First, upon coming on duty at 7 a.m., 
an examination of all moving parts of 
the two engines in operation is made, and 
also of oil levels in lubricators and con- 
ditions of water jackets and ignition sys- 
tems. There are always two engines in 
operation, one being an electrical-service 
enzine and the other a refrigerating en- 
gine, which in the periods of heavier load 
in the summer time have a combined load 
oi about 140 horsepower, of which fully 


through the side peep holes in the pro- 
ducer shell, held there exactly one min- 
ute and then withdrawn, the temperature 
being noted from the color of the rod. 
If the latter is at a uniform cherry red 
temperature throughout its active length, 
this is taken as an indication of an even 
fire; but if at a brighter heat or dull in 
some portions, there is evidence of un- 
necessarily high local temperatures due to 
rapid combustion in fissures in the fuel 
bed, or of a stagnant condition in dirty 
or unburnt portions of the fire. The rod 
is first inserted in the lowest hole and 
then successively into the upper holes, in 
order to explore the fire in zones. On 
withdrawing the rod the operator notes 
graphically the condition of the fire by 
marking a chalk line on the shell of the 
generator even with the hole, a straight 
line indicating an even temperature, and 
a broken line showing the dirty condition, 
etc. This operation is continued for the 
four holes and a fuel curve drawn from 
it which gives a practical idea of how the 
coal lies in the generator and shows what 
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quality of gas can be expected. Finding 
the generator in good order, the scrubber, 
purifier and connections are examined for 
unusual temperatures, condition of water 
flow, ete. . 

In the maintenance work, each engine 
is shut down after every seven days’ work 
of 160 hours for general inspection and 
cleaning; therefore, on Monday mornings 
it is necessary to start up the two reserve 
units and transfer the respective loads to 
them. Before starting up either reserve 
engine, its igniters are cleaned, which 
takes about one hour. With the igniters 
clean and everything in good order, the 
attendant looks at the draft gage to see 
what gas the engines in operation are 
drawing and whether the start can be 
made without interfering with their suc- 
tion. If there are any doubts the gas is 
enriched temporarily by putting about 
four pails of water in the ashpit of the 
producer and slicing the fire to work down 
some hot coals, which vaporize the water 
and thereby increase the hydrogen con- 
tent of the gas and enable the third en- 
gine to be started without interfering 
with the others. After getting the engine 
warmed up, the load is thrown on and 
the other engine is shut down. The extra 
pull on the producer due to overload from 
running the three engines, together with 
the hydrogen added, usually enriches the 
gas so much that on cutting out a unit the 
quality of gas is too rich for the two units 
operating alone. To counteract this, it is 
necessary to give additional air to each 
of the units until the gas returns to its 
normal composition. 

After the engines have been shut down 
their inspection is begun by the removal 
of the back crank-case covers and exami- 
nation of the bearings, crank pins, wrist- 
pins, etc., for necessary adjustments. Be- 
sides this the exhaust valves are cleaned 
and the ignition system thoroughly in- 
spected, which requires about two days, 
as but one thing is done at a time and 
then only when the load on the plant is 
not heavy. While the engineer is per- 
forming this work, the producer tender 
prepares to clean and coal the producer, 
as follows: 

The method of cleaning is to rake off 
the ash from the grate table and then 
poke down around the shell from the top 
poke holes. Having before him the fuel 
chart which was noted graphically on the 
generator shell coming on watch, the 
attendant knows what part of the bed re- 
quires most poking. Before opening the 
ashpit doors, water is placed in the ash- 
pit and the hot ashes, dropping down, 
form sufficient steam to mix with the air 
coming through the ashpit door and pre- 
vent any bad effect therefrom. This en- 
ables the cleaning to be done without 
affecting the engines. Having cleaned and 
poked the fire thoroughly and worked 
down all the ash so as to leave it as clean 
as possible, the charging is then begun, 
count being taken of, each hopper of coal 








ft 
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charged. The coal is cleaned by screen- 
ing if very fine or dirty. After charging, 
the operator slices across the grate so as 
to relieve the center of the fire and again 
puts water in the ashpit, this time to cool 
off the grate after cleaning and offset the 
effect of any air that may have got in 
during the operation. The cleaning 
usually occupies one hour. After giving 
the generator time to settle down, the 
ashes are withdrawn from the ashpit, an 
averege Of 1%4 ash cans (about three 
bushels) being removed after each clean- 
ing. During the cleaning operation the 
cperator is always on the lookout for any 
change in the engine speed due to weak 
gas on account of opening the ash doors. 
Should this occur he immediately cuts 
the air supply to the engine. The pro- 
‘lucer is now good for six hours’ opera- 
ion, after which the cleaning is repeated. 

The refrigerating engines are operated 
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Some Properties of Steam * 





By Pror. R. C. H. Heck 





The purpose of this paper is to present 
some recent experimental results as to 
two of the fundamental thermodynamic 
properties of water and steam, and to 
make certain comparisons between these 
determinations and the older values used 
in our steam tables. The two properties 
considered are the relation between pres- 
sure and temperature of saturated steam, 
and the specific heat of water. 


THE PRESSURE-TEMPERATURE RELATION 


This relation is, from the point of view 
of experimental determination, the sim- 
plest of the properties of steam, and with 
accurate instruments and adequate skill 
can be very precisely measured. For this 
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(4+ 273) log —2— 5.409 (£ — 100) — 


0.508 X 10—* [ (365 — #)*— 265*], 


where ¢ is Centigrade temperature and p 
is pressure in millimeters of mercury. 
From the comparison and discussion the 
conclusion was reached that up to Loo de- 
grees Centigrade this formula is to be 
accepted, while above too degrees the de- 
terminations of Regnault are best—not as 
set forth by his formula, but as. worked 
over by Henning, from a selection of his 
more reliable observations. 

A new and very accurate determination 
by Holborn and Henning, over the range 
from 50 degrees to 200 degrees Centi- 
grade, is fully described in Annalen der 
Physik, 1908, Volume 26, pages 833 to 
883, in a paper on “The Platinum Ther- 
mometer and the Saturation Pressure of 
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FIG. I. COMPARISON OF PRESSURE-TEM PERATURE 


for periods of 84 hours and then gone 
over. One exhaust valve is taken out of 
an engine each week, thoroughly cleaned, 
and reground, if necessary, thus insuring 
attention to each valve once in every three 
months. Igniters are cleaned weekly and 
the batteries and ignition system checked. 
The temperature of the fuel bed of the 
producer is taken twice a day and a gas 
analysis is made once a week or oftener 
if necessary. The average calorific value 
per cubic foot of gas is 134 B.t.u., based 
on the analysis: CO:, 8.6 per cent.; O, 
0.6 per cent.; CO, 20.2 per cent.; H, 18.5 
per cent. and N, 52.1 per cent. 





The “Mauretania,” on the trip which 
ended at Liverpool on April 20, made 200 
niles toward the end of the voyage in 6 
hours 10 minutes, or at the rate of 29 
knots an hour, a feat never before accom- 
plished by*an ocean liner. 


200 250 300 


reason, the results obtained by various 
experimenters differ by relatively small 
amounts, and in discussing them we take 
up a question in the realm of scientific 
accuracy rather than one concerning effec- 
tively correct values for ordinary technical 
use. For certain purposes, however, it is 
most important that this relation be truly 
and accurately known. 

In Annalen der Physik, 1907, Volume 
22, pages 609 to 630, is published a paper 
by F. Henning on “The Saturation Pres- 
sure of Steam,” in which are gathered 
together all the determinations that have 
been made on this relation, from Magnus 
and Regnault down to that time. These 
are compared by means of curves, which 
show, to a large scale, their departures 
from an assumed standard of reference. 
This standard is the formula of Thiesen: 





*Paper presented at the spring meeting of 
the American Society of Mechanical Engi- 
neers, Washington, D. C., May 4-7, 1909. 
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DETERMINATIONS 


Steam,” while in Zeitschrift des Vereins 
deutscher Ingenieure, February 20, 1909, 
is given a brief presentation and compari- 
son of results. Exceedingly close agree- 
ment is shown between these new obser- 
vations, the recomputed Regnault values, 
and the work of Knoblauch, Linde, and 
Klebe (see Table 3 in Zeitschrift 
article). The final result is a table giving 
p for every degree from o degree to 205 
degrees Centigrade, which follows Thie- 
sen’s formula up to 50 degrees, and em- 
bodies the author’s work from that point. 

This table is here reproduced in Table 
1, but with pressure converted to pounds 
per square inch and interpolated for every 
degree Fahrenheit from 32 degrees to 
402 degrees, or to just past 250 pounds 
absolute. Later the writer hopes to ex- 
tend this table, carrying forward the line 
of the Holborn-Henning determination in 
comparison with the observations of Reg- 
nault and others. This can be done even 


nu 
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up to a pressure of 1000 pounds with suffi- 
cient accuracy for all practical purposes. 

In the work of conversion and inter- 
polation, it was necessary to carry the 
numbers to a higher degree of apparent 
accuracy, or to use more significant fig- 
ures, than any experimental precision 
would call for. Without a mathematical 
formula, a function of this -sort can be 
carried forward only by carefully smooth- 
ing out the differences until those of the 
second order follow a continuous rate of 
change. In this operation, the first differ- 
ences were brought to a sufficient degree 
of smoothness to furnish effectively ac- 
curate values of the rate of change of p 
with ¢; and this differential coefficient, 
dp 
at 
considered absolutely correct (as a deriva- 
tive) within four or five units in the last 
place, while as between successive values 





is also given in Table 1. It may be 
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and depart quite decidedly from the older 
table above 325 degrees. The scattering 
of the points above that temperature is 
due to the coarseness of numerical ex- 
pression, Peabody giving but one decimal 
place for the higher pressures. The curve 
is simply sketched through this band of 
points. 

Holborn and Henning do not attempt 
to devise a formula, but base their table 
on a method of graphical interpolation. 
It will be noted that curve 1 shows a faint 
waviness, indicating some departure from 
perfect mathematical smoothness; but the 
extreme smallness of the irregularities is 
really a proof of the skill with which the 
original interpolation was made. 


Tue Speciric HEAT oF WATER 


In Fig. 2 are plotted several important 
curves for the specific heat of water— 
the true or instantaneous, not the mean 
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Curve P, which begins at 140 degrees 
Fahrenheit, shows the values used by 
Peabody above this temperature; below it 
he accepts the work of Barnes. Pea- 
body’s line—it is almost straight—is based 
on Regnault’s experiments: but it hardly 
seems 





make c_ thus 
almost straight-line function of 2. 
Curve D 


experiments of 


reasonable to an 


shows the very 


Dieterici, 


important 
described in 
Annalen der Physik, 1905, Volume 16. In 
these a small body of water, pure and 
free from air, was sealed in a tube of 
quartz. This little cartridge was heated 
to a certain desired temperature, then 
dropped into a bunsen ice calorimeter, 
where the heat given off in its cooling to 
o degree Centigrade is measured. The 
highest temperature reached was about 
300 degrees Centigrade. The drawback 
in this method is the relatively large heat 
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the closeness is much better. This is less 
precise than might be desired, but it is 
accurate enough for use in calculating 
specific volume, since the thermal data 
there involved are not of any greater de- 
gree of reliability. 

In Fig. 1 is given a comparison between 
the pressures in Table 1 and some hitherto 
generally used values. The base is tem- 
perature Fahrenheit, the ordinate the dif- 
ference between the other value of p and 
that in Table 1. Curve 1, for the range 
up to 225 degrees Fahrenheit, is drawn 
to the large scale at the left, and shows 
how Regnault’s formula drops below the 
new determination. The curves at 2 have 
the ordinate scale at the right, only one- 
tenth as large as that for zr. The letter R 
marks the “standard” Regnault curve, 
here plotted from the table in Roentgen’s 
“Thermodynamics,” which happened to be 
the most convenient in its manner of ex- 
pression: note the abrupt change at about 
380 degrees Fahrenheit. Curve P shows 
Peabody’s values, which are based on 
Regnault, but with revised computations, 


value. Curve R shows Regnault’s for- 
mula, which in Fahrenheit units is 


c = I + 0.0000222 (t — 32) + 
0.000000278 (t — 32)’. 


This curve differs radically from the 
newer and true determination of the spe- 
cific heat over the lower part of the range, 
as shown by the other curves. 

Curve B represents the experiments of 
H. T. Barnes and associates; these are 
described briefly in Proceedings Royal 
Society, 1900, Volume 67, fully in Phil. 
Trans. Roy. Soc., 1902, Volume A 199; 
while in Physical Review, 1902, Volume 
XV, there is a description of the deter- 
mination on supercooled water, which was 
carried to minus 5 degrees Centigrade, 
and the tabulated values for the whole 
range up to 95 degrees Centigrade. The 
body of this work was done by a con- 
tinuous method, water flowing through a 
small tube and absorbing heat which was 
electrically supplied and measured: for 
the range below freezing, a method of 
mixing was found necessary. 


capacity of the quartz tube, which has to 
be very carefully determined. From 100 
degrees Fahrenheit upward, Dieterici finds 
that his results conform very well to 
a parabolic equation like that of Reg- 
nault, which for Fahrenheit units has the 
constants 


¢ = 0.99827 — 0.0000576 (t — 32) + 
0.00000064 (t — 32)*. 


Below 100 degrees Fahrenheit, tabulation 
from graphical interpolation is preferable 
to expression by formula. A numerical 
comparison of the several curves is given 
in Table 2. 


DIFFERENT Heat UNITS 


Before discussing these data, something 
must be said as to the unit of heat 
measurement. Regnault intended to use 
the heat capacity of water at 15 degrees 
Centigrade as the heat unit—in other 
words, the 15-degree calorie—but it was 
not until after his time that the true man- 
ner of variation of the specific heat over 
the lower range of ordinary temperatures 
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was either clearly perceived or accurately are at 15 degrees and 16 degrees Centi- mean calorie, which is one one-hundredth 
measured. Barnes’ values are based on grade). The now generally used numeri- of the heat required to raise 1 kilogram of 
unity at 16 degrees Centigrade, and it cal values of the mechanical equivalent water from o degree to 100 degrees Centi- 
will be noted that the B curve on Fig. 2 of heat, 427 meter kilograms or 778 foot- grade; and his specific heat values check 
crosses the base line at just about 16 de- pounds are based on a heat unit at 15 de- up to an average of unity over this range. 
grees Centigrade (the two short vertical grees Centigrade or 59 degrees Fahrenheit. Graphically, on Fig. 2, his curve cuts the 
cross-lines near 60 degrees Fahrenheit Dieterici’s results are expressed in the 15-degree Centigrade ordinate at 0.0012 

TABLE 1. THE PRESSURE-TEMPERATURE RELATION. | TABLE 1 (continued). 
t Pp dp/dt |t| p | dp/dt|t| p dp/dt | t p  dp/dt t Pp dp/dt | t Dp dp/dt | t p dp/dt t| p_ | dp/dt 
. a eee. ae err ee 760.44330.01467]1211.73620.04815/166 5.4590.1 21615.9020.3111 1261/36 .025,0 .6088 }806, 73.22,1.0775 51136 261 764, 
32/0. 0886/0 . 003575} 77 0.45820 .01510]122,1.78490.0493 [167 2 5R80. 1302 217 16.2150.3162 262/36. 6380. 6172 07) 74.311.090 2)138.041.782 
33/0. 0922/0 .00371 | 780.47350.01554]123 1.83480.0505 [168 5.7190. 1327): 218,16. 5340 .3214 263,37 . 259/0 .6256 [808 75.401.103 53/139 .83 1.800 
34/0 0960/0 . 003845] 790. 4893.0.01600]124 1.88590.0517 [169 5.8530. 1353) 219.16.8580.3266 [26437 .8880.6341 J809 76.511.116 [854)141.641-818 
35/0. 0999/0. 003985) 800. 50550. 0164 125,1.93820.05295]170) 5.0000. 1580)/2 220 17. 1870.3319 26538.: 5260.64 26 B10, 77.641. 129 95,143 .461.836 
} 
36/0. 1039/0 .00413 | 810.52220.0169 126 1. 99180.0542 ]171) 6.1290. 1407 ||22117.5210.3372 [26639.1730.6513 Bit 78.771.142 56,145.311.855 
370. 1081/0.00428 | 820. 53940 .01742)127.2.04660.05545172, 6.2710. 1434||22217 .8600.3426 }26739.8280.6600 [812 79.921.155 4357|147.17|1.874 
38/0. 1125/0.00443 | 830.55700.0179 1282. 1027 0.05675J173, 6.4160 1462 |223 18. 2050 3480 eat: 4920 . 6688 313, 81.081.169 58,149 .06,1.893 
39)0. 1170/0 . 004585 84/0 .57520.0184 1292.16010.0581 [174 6.5640. 1490)|22418. 5560. 3535 69/41. 1650 .6777 1814) 82. 261.182 59/150 .96,1.912 
40/0. 1217/0 .004745}] 85/0. 5939/0. 01898]130)2. 21890 .05945f175, 6.7140. 1519)/22518.9130.3591 [270.41.8480.6868 815) 83.441.195 9 sie inal 
| | | | | 
41/0. 1265/0. 91 | 86/0. 6132/0 .01952{131/2.2790,0.0608 176 6.8680. 1548 |226.19.2750.3648 )27142.54 0.6960 )816 84.651.209 [3861154.821.951 
42/0. 1315]0 .005075 87/0. 6330)0 . 0200 132)2. 34050 .06215]177 7.0240. 1577) 227 19.6430.3705 [27243.24 0.7052 [817 85.861.223 362,156.78 1.970 
43/0. 1367/0 . 00525 8810. 6533/0. 02065 133.2. 40330 .06355)178 4 - BOSD. 3907/1228 20.017/0.3763 [273'43.95 |0.7145 [818 87.091.237 63 158.761.990 
44\0. 142010 .00543 | 89/0.6743/0. 0212311342. 46750.06495]179| 7.3450. 1637||22920.3960.3821 ]27444.67 0.7239 19, 88.341.251 64/160.762.010 
4510. 1475/0.00561 | 90|0.6958\0 . 02182]135/2. 53320 .06645]180 7.5330. 1900}/200 acme 3 3880 ob 0.7334 20 89.601.265 ss tin, aad 
| | 
46)0. 1532) ).00580 | 91/0.7179)0.0224 136)2. 60040.0680 [181 7.6790. 1699 |23121.1720.3940 [27646.14 oo B01 90 .87,1.280 66 164 .822.049 
47|0. 1591/0. 92/0. 7406/0 . 02305]137|2. 66920 .0696 [182 7.8500. 1730 23221.5680.4000 [27746.88 0.7527 [822 92.161.295 67166 . 882.069 
48/0. 1652/0 .00620 | 93/0. 7640)0 . 02368]138 2.73960.0712 ]183 8.0250. 1762) 23321.9700.4061 [27847 .64 0.7625 823 93.461.309 )368 168.96 2.089 
49|0. 1715/0. 00641 | 94/0. 7880/0 . 024321139/2.81160.0728 [184 8.2030. 1794 /23422.3790.4123 [27948.41 0.7725 [824 94.781.324 [869/171.062. 108 
50/0. 1780/0.00663 | 95/0.8127|0.0249 1402. 88510.0744 ]185 8.3840. 1827 ies echoes eheees 28049. 19 (0-7826 325, 96 ”P 339 oe 
| | | | 
51/0. 1847|0. 00685 96/0 . 8380/0 . 0256 1412. 96030.0760 |186 8.5680. 1860236 23. 2160.4248 28149.98 |0.7926 §826 97.451.354 71175.312.148 
52/0. 1917|0.00708 | 97/0. 8640/0 .02635]1423.03710.0776 ]187 8.7560. 1894 237 23.6440.4312 ]28250.77 |0.8028 827 98.81/1.369 4372,177.47 2.168 
53/0. 1989|0 00731 | 98/0.8907/0 .02705]1433. 11550.0793 188 8.9470. 1929 /23824.07910.4377  [28351.58 0.8131 [828 100.191.384 873.179.652.189 
54/0. 2063/0.00754 | 99/0.9181/0. 0277611443. 19560.0810 [189 9.1420. 1964) 23924. 52010. 4442 284,52.40 0.8235 [829101.581.400 74181.85)2.210 
55/0. 2104/0.00778 }100/0 . 9462/0. 02849}1453, 27750.0828 ]190 9.3400. 1999) 24024 .967'0.4508 [285'53. 23 ben 830 102.991.415 oT 
| * | | | 
56/0. 2219/0. 00803 [101/0.9751/0 .0292311463. 36120.0846 [191 pe ee 24125.4210.4575 [28654.07 0.8446 [831104.411.430 76186 .312.252 
57/0. 2301/0.00829 [102)1. 0047/0 .02999]147 3. 44670 .0864 |192) 9.7470. 2072 24225 8820. 4643 287/54.92 0.8553 [832105.851.445 [3877|188.582.274 
58/0. 2385|0.00856 ]103)1 . 0350/0 .03077]148 3. 53410.0883 193 9.9560.2109 243 26.350/0.4711 [28855.78 0.8661 [833 107.301.461 [878 190.86 2.296 
59/0. 2472/0.00883 ]104/1 . 0662/0 .01357/1493 .62330.0902 [194 10. 1690. 2147) 244 26 .825,0.4780 289/56 .65 0.8770 $834 108.77)1.477 79193.17,.2.318 
60/0. 2561/0.00911 ]105|1.098210. 0324 oz Wen eee 195 10.3850. 2185) |24527.30710.4850 [29057.53 — eawenee ae 380, 195 3. 50/2. 341 
i| 
61/0. 2653/0 .00939 1061. 1310/0 0332 1513.808 0.0940 [196 10.6060. 2224|/246.27.7950. 4920 [29158.42 0.8991 }836111.761.509 81197 .86 2.364 
62\0. 2749|0 .00968 [107/1 . 1647/0 .0341 [1523.903 0.0960 [197 10.8300. 2263 24728. 29010.4991 [29259.33 0.9103 [837113.27/1.525 882200. 232.387 
63/0. 2847/0 .00998 ]108)1 . 1992/0.0350 [153'4.000 0.0980 ]198 11.0580. 2303 |248 28.7930.5063 [29360.25 0.9216 [838.114.811.542 4883 202.632.410 
64/0. 294810 .01029 ]109)1 . 2347/0 .0359 ]1544.099 0.1001 [199 11. 2910. 2343 24929. 3030. 5136 P9461. 17 0.9330 [339116.361.558 [864.205.052.433 
oap. seen 01061 |110)1.2711/0.03685]15514. 200 p-aae 200 11. 527 0. 2384|/25029.82010.5210 [29562.11 (0.9445 [840.117.921.574 [885.207.492.456 
66/0. 31610.01094 }111)1. 3084/0. 0377: 15644. 303 0.1043 201 11.7670. 2425) 25130. 3450. 5285 29663.06 0.9561 )841119.501.591 86 209 .96 2. 
67/0. 3272}0.01127 }112)1.34660.0387 [1574.408 0.1064 [20212.0130. 2467 25230.877/0. 5361 [29764.03 0.9678 [342121.10/1.607 Briat2. 462. 50 
680 . 33860 .01161 1131.38580.0397 ]1584.516 0.1086 [203 12. 2610. 2509) 25331.4170.5438 [29865.00 |0.9796 [843 122.721.624 88 214.96 2.525 
69/0. 35040 01196 ]114 1.42600 .0407 ]1594.625 0.1108 [204 12.5140. 2552|/25431.9650.5517 9965.98 0.9915 [844.124.351.641 [889217 .502.548 
kl a Spe 5 ae satan 1604 .737 thee BO5 12.77 10. 2596}|255)82. 5210. 5506 30066 .98 1.0035 ee te oe 
| ' | | | 
710.3750/0 .01269 1161. 5093 0.0427 | 1614.852 0.1154 206 13.0330. 2639) | ~ ‘<2 X 
7210.3879(0.01307 ]117|1.55250:04375/1624.968 (0.1178 207 13.2990. 2683) TABLE 1 (continued). 
730.40120.01345 L18|1 5968 0.0448 1635.087 0.1202 208 13.5690. 2728)| 
74041480 .01384 ]119/1.64210.0459 [164)5.209 0.1227 209 13.8450. 2783) | 
750. 42890 .01425 ]120'1 6886 0.0470 [165)5.332 (0.1252 [102 14.1240. 2819) ¢ t| » | dp/dt t | p | dp/dt|t| p dp/dt|}t| p | ap/at 
' | . i i as aE ees — -_— —s —__ __ } —_ -_ —___ —_——— 
(3912 222. 642.594 01249.752.832 
TABLE 1 (continued). 1392225. 242.617 02 252.60 2.857 
'393 227 872.641 | 

) | (394 : 230 . 522.664 | 
t| P | dp/dt | t p_|4 dp/dt | t| p | dp/dt}t | p_| dp/at |/395233. 202.687 | 
— — —_-—_——— Se | | | 
211/14.4080.2866 [25633.0850. 5677 01 67. 991.015 46 127.67 1.675 bees sila one | 
212/14. 697'0.2914 257/33. 657\0.5758 [3802) 69.011.0271 847 129.351.693 ||397/238.622.735 : | 
213114. 99110.2962 125834. 2360. 5840 03 70.051.0395 [848131.05)1.711 [398241 . 37/2. 759 } 
214/15.29010.3011 [25934.8240.5922 04) 71.091.052 49 132.771.729 ||399'244. 14/2.783 } 

21515. 594/0.3061 [26035.4200.6005 805 72.151.065 850 134.511.746 | 400 246.932.807 
| 
TABLE 2. THE SPECIFIC HEAT OF WATER. 
TEMPERATURE. TEMPERATURE. 
Regnault. Dieterici. Barnes. Peabody. 
Regnault. Dieterici. Barnes. Peabody. 
Cent. | Fahr Cent. | Fahr. 

—5 aS ERE RSE ey ROHS jess: 80 176 1.00896 1.0032 1.00166 1.00415 

0 2 1.00000 1.0075 EP aralewkinie cis ine 90 194 1.01089 1.0057 1.00305 1.00705 

+5 De eae 1.0037 Ye eee 100 212 1.01300 1.0086 (1.0044) 1.01010 

10 50 1.00049 1.0008 eee 

15 Mi rcnerc tan cae 0.9987 PEG — [icc ceevse ys 120 248 1.01776 er 1.01620 

140 284 1.02324 POMS Wicd ciacSiwersceioand 1.02230 

20 68 1.00116 0.9974 Oe Pk 160 320 1.02944 Eo eee. 1.02850 

25 TE Wikac cite aease 0.9970 eo» dln Cee 180 356 1.03636 2 3 Seer 1.03475 

30 86 1.00201 0.9971 UM Voces cece ie 200 392 1.04400 BOG Was kok ick sina 1.04100 

35 Me Uitesweocar.ceae 0.9972 0.99735 nO ee 

40 104 1.00304 0.9974 OE eh oat kratces 220 428 1.05236 i eer eer 1.04760 

240 464 (1.06144) it, At: SESE irae, rarcriee mena war tk 

50 122 1.00425 0.9983 Bg Eee pear ne 260 500 (1.07124) a ree Ncgrarate cones tare am 

60 140 1.00564 0.9995 0.99910 0.99940 280 536 (1.08176) J A Areerererearer cre an EOS ee 

70 158 1.00721 1.0012 1.00035 1.00150 300 572 (1.09300) 3 Rarer. cere re rere 



































Regnault: from the formula given. Above 200 deg. Cent. his formula is an extrapolation. 
Dieterici: from table in original publication, computed by formula from 40 deg. Cent. upward. 
Barnes: from Physical Review, with last value extrapolated. 

Peabody: from Steam and Entropy Tables, p. 10. 

Dieterici: values in mean calories (heat units), others in 15 deg. Cent. units. 
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low the unity base line. In a special ex- 
,eriment, with electrical measurement 
.nalogous to that used by Barnes, he made 
the mechanical equivalent of the mean 
calorie bear to our standard Rowland 
value for the 15-degree calorie the ratio 
of the numbers 419.25 to 418.8, or 1.0011 
to I. Disregarding some _ uncertainties 
which may exist in the minds of physi- 
cists as to the finality of this determina- 
tion, it seems reasonable, for engineering 
purposes, to use this 0.0011 or O.II per 
cent. correction in order to change from 
one system of units to the other. 

The amount of attention here paid to 
this small point is justified by the import- 
ance given to it through the introduction 
of the mean calorie to the society in the 
recent paper on “The Total Heat of 
Saturated Steam,” by Dr. H. N. Davis. 
Personally, I think we had better trans- 
form heat values in this unit by means 
of the ratio just offered, rather than 
change our mechanical equivalent of heat 
from 778 to 778.9. 

Now the specific heat is the ratio of a 
certain absolute quantity of heat to an 
assumed unit quantity. If we use a lar- 
ger unit, the ratio will be smaller, and 
Assuming that the mean 
calorie is 1.0011 of the 15-degree calorie, 
we change Dieterici’s values to the 1I5- 
degree unit if we increase them by 0.II 
per cent. This would raise his curve to 
the dotted position on Fig. 2, and change 
his formula to 


¢ = 0.99938 — 0.00005766 (tf — 32) + 
0.0000006407 (t — 32)”. 


vice versa. 


Speciric HEAT oF WAaATER— CONCLUSION 


It is pretty safe to say that the Holborn- 
Henning results for pressure and tem- 
perature, set forth in Table 1, are final, 
and that this relation is now known surely 
and accurately. enough for all purposes of 
practical science. But in regard to the 
specific heat of water we are yet con- 
fronted by one of the annoying uncer- 
tainties which have so long surrounded 
many parts of this subject. Dieterici 
claims an experimental accuracy ranging 
from 0.1 per cent. at low ranges to 0.5 
per cent. at high ranges of temperature: 
but his method is open to the objection 
that two heat capacities have to be meas- 
ured and their difference used. 

In spite of some small doubt as to the 
accuracy of Dieterici’s results, and a 
faint suspicion that his curve may rise too 
rapidly, I am of the opinion that his de- 
termination is to be accepted instead of 
Regnault’s. Further, the idea of an in- 
creasing rate of increase in c, as ex- 
pressed by a_ second-degree equation, 
seems to be far more reasonable than that 
of a nearly constant rate of increase. 

It is hardly probable that the heat capa- 
city of water will ever be so accurately 
determined that the heat for the external 
work of expanding the water will be more 
than a small fraction of the probable error 
in heat measurement. 


POWER AND THE ENGINEER. 


The Specific Volume of Saturated 


Steam * 


By Pror. C. H. PEeaAsopy 


For many years the specific volume of 
saturated steam has been computed from 
the thermodynamic equation 


r I 
"rT eer 
dt 


in which the quantities have the follow- 
ing significance : 

s = Specific volume, for example the 
volume in cubic meters of one 
kilogram, 

r = Heat of vaporization in calories, 

T = Absolute temperature obtained 
by adding 273 to the tempera- 
ture by the Centigrade ther- 
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pressure with regard to the tem- 
perature, the pressure being in 
kilograms per square meter, 


o@ = Specific volume of water (0.01 
cubic meter per kilogram). 


For this paper French units are used 
because the original data are given in 
them and comparison with experimental 
values is convenient. 

All the quantities entering into this 
equation are now determined with a cer- 
tainty and precision that must be consid- 
ered satisfactory for engineering purposes 
and a compariscn with experimental de- 
terminations of the specific volume shows 
an exceptionally good concordance. 

To make the exposition of this state- 
ment clear it is necessary to review the 


experimental data and to state the pre- 


cision that can properly be attributed to 
them. 
The mechanical equivalent of heat as 


*Paper presented at the spring meeting of 
the American Society of Mechanical Engi- 


neers, Washington, D. C., May 4-7, 1909. 
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determined by Rowland’ may be taken as 

27 meter kilograms (778 foot-pounds) 
at 15 degrees Centigrade, which corre- 
sponds nearly with 62 degrees Fahrenheit. 
There have been more recent investiga- 
tions which on the whole confirm this 
result, though there is some indication 
that it is a trifle small. The uncertainty 
may be one in a thousand or one in two 
thousand. 

Callendar® gives for the absolute tem- 
perature of freezing point 273.1 degrees 
Centigrade, with a probable error of one 
in two thousand. 

For the range of temperature from 30 
degrees to 100 degrees Henning® gives the 
equation 


v = 94.210 (365 — ft) 5149 


in calories at 15 degrees Centigrade. In 
English units the equation may be written 
VY = 141.124 (689 — ft) %81249, 
Experiments by Dieterici,’ Griffiths’ and 
A. C. Smith® confirm his results and ex- 
tend the equation to freezing point. The 
probable error of this equation is one in 
one thousand. 

In his paper, “The Total Heat of 
Saturated Steam,” read at the annual 
meeting, 1908, Dr. Harvey N. Davis gives 
for the total heat of steam from 212 de- 
grees to 400 degrees Fahrenheit 


H = Huw + 0.3745 (t — 212) — 
0.000550 (f — 212)’. 


Transformed into French units this may 
be written 


H = 638.9 + 0.3745 (t — 100) — 
0.00099 (t — 100)?, 


provided that the constant term be taken 
as the sum of Henning’s value for r at 
100 degrees Centigrade and the heat of 
the liquid be taken as 100.2, according to 
a consideration to be taken up later in 
this paper. To conform with the condi- 
tions already accepted, this equation 
should give the total heat in calories at 
15 degrees Centigrade, while Dr. Davis 
used for the calories zig of the heat re- 
quired to raise one kilogram of water 
from freezing to boiling point. The dif- 
ference amounts to -y7gq, as indicated by 
the heat of the liquid just mentioned 
(q = 100.2). Now the total heats at 100 
degrees and 200 degrees Centigrade are 
638.9 and 666.5, and their difference is 
29.6 calories, so that the total effect is 
less than one-tenth of a calorie. 

As for the heat of the liquid we have 
the three following sources of informa- 
tion: 





1Proc. Am. Acad., Vol. 15 (n.s. 7), 1879. 
2Phil. Mag., January, 1903. 

3A4nnalen der Physik, Vol. 21, p. 849, 1906. 
*Annaien der Physik, Vol. 16, p. 912, 1905. 
5Phil. Trans., 186, p. 261, 1895. 

‘Physical Review, Vol. 25, 1907. 
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(a) Barnes” determinations of the 
specific heat of water from o 
degree to 95 degrees Centigrade. 

(b) Dieterici’s* determinations of the 
same property from freezing 
point to very high temperatures. 

(c) Regnault’s® determinations of the 
heat of the liquid. 


Barnes’ experiments were made by an 
electrical method for which great relative 
precision is claimed, and they showed a 
good concordance with Rowland’s work 
on the mechanical equivalent, which in 
reality was an investigation also of the 
specific heat. Dieterici’s investigation 
consisted essentially in heating water in a 
quartz tube, which was then transferred 
to the ice calorimeter. His results appear 
to be systematically larger than Barnes’; 
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calorimeter for the first group was not 
far from 9 degrees Centigrade, which item 
appears to account for the considerable 
irregularity of results at that place. The 
experiments with the highest temperatures 
had nearly twice that rise of temperature 
in the calorimeter and about half the dis- 
persion of results. 

In order to use Regnault’s results his 
values for the heat of the liquid were re- 
computed, allowing for the true specific 
heat of the water in the calorimeter, and 
then a diagram was plotted as shown by 
Fig. 1, in which the abscissas are tempera- 
tures and the ordinates are values of 
q—t. 

This allows of the use of a large verti- 
cal scale which much accentuates the ap- 
parent scattering of points. A curve was 
then drawn to join a curve from o degree 
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FIG. 2 


at 95 degrees Centigrade, the discrepancy 
is 45 of 1 per cent. ~: 

In 1907 the author endeavored to join 
Regnault’s values for the heat of the 
liquid to those deduced from Barnes’ 
values of the specific heat. Now Reg- 
nault’s experiments consisted in running 
hot water into a calorimeter partly filled 
with cold water and noting the rise of 
temperature in the calorimeter. There 
were 40 tests in all, scattered irregularly 
from about 100 degrees to 190 degrees 
Centigrade for the temperature of the hot 
water; there were in a way three groups 
of tests, one near IIo degrees, one near 
160 degrees, and the third near 190 de- 
grees Centigrade. 

The average rise of temperature in the 





TPhys. Review, Vol. 15, p. 71, 1902. 
8Annalen der Physik, Vol. 16, p. 593, 1905. 
*Memoirs de V'Institut de France, Vol. 26. 


to 100 degrees Centigrade, from Barnes’ 
results for the specific heat of water. This 
curve passes near the highest group of 
points, above the middle group and below 
the lowest group. 

It should be said that Barnes’ results 
were first transformed to allow for the use 
of 62 degrees Fahrenheit for the standard 
temperature, instead of 20 degrees, which 
he had taken in his report; also that his 
values were slightly increased at tempera- 
tures approaching 100 degrees so as to 
avoid a break in the curve. The last had 
the effect of increasing the heat of the 
liquid at 100 degrees by one one-thou- 
sandth. 

Finally a table of specific heats was 
drawn off for temperatures from o degree 
to 220 degrees Centigrade, which served 
as the basis of a graphical integration for 
the value of q— t. Fig. 2 gives the curve 
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representing the final value of this quan- 
tity and also a curve representing values 
that would be obtained if Dieterici’s 
values for the specific heat were excepted. 

The author is of the opinion that the 
full curve in Fig. 2 shows very nearly the 
true value of the property under consid- 
eration, and he has used it to determine 
heats of the liquid. 

The maximum. deviation of a single 
point from the curve in Fig. 1 is 0.8 of a 
calorie, which amounts to % of 1 per cent. 
of the heat of the liquid at that point. 
If we could consider that an error of 0.02 
degree might be attributed to the tem- 
peratures in the calorimeter it would ac- 
count for one-third of that deviation. But 
to take the most pessimistic view of the 
situation and charge an error of 08 ofa 
calorie against the method, we may still 
consider that for temperatures above boil- 
ing point the heat of the liquid is always 
associated with the heat of vaporization, 
and that their sum is more than 630 
calories, so that the deviation in this light 
amounts to % of I per cent. 

A more just view is clearly to take the 
deviation of the worst group of points. 
This occurs at 117 degrees and is about 
0.3 of a calorie, that is, 0.25 per cent. of 
the heat of the liquid. The most favora- 
ble view is to consider that the upper end 
of the curve is well fixed by Regnault’s 
experiments, which were then under the 
most favorable conditions, and that the 
lower end is tied to Barnes’ values, which 
have all desired precision. This matter is 
discussed with some detail because the 
original experimental results needed to be 
entirely recast for the present purpose. 

But while important from some aspects, 
the quantities with which .we are dealing 
are not affected by uncertainties that con- 
cern our main investigation, i.e., the spe- 
cific volume of saturated steam, fot the 
maximum variation between the author’s 
value for the heat of the liquid, and a 
value determined from Dieterici’s inves- 
tigation, amounts to 08 of a calorie at 
200 degrees Centigrade. This is only '% 
of 1 per cent. of the total heat at that 
place. However, we need for our specilic 
volume the heat of vaporization, and the 
discrepancy then becomes % of 1 per cent. 

Recent determinations of the pressure 
of saturated steam have been made by 
Holborn and Henning,” with all the re- 
sources of modern physical methods in- 
cluding the platinum thermometer. They 
claim a precision of 0.01 degree in the de- 
termination of temperature and that their 
results reduced to the thermometric scale 
have a probable error of not more than 
0.02 degree at 200 degrees Centigrade. 
Their own experiments cover the range 
of temperature from 50 degrees to 200 de- 
grees Centigrade (122 degrees to 392 de- 





%Annalen der Physik, Vol. 26, p. 383, 1908. 
Notr—Since these results may not b*° 
easily accessible, it may be of interest to s°% 
that they have been transferred directly ' 


‘Table 3, of the author's “Steam and Entropy 


Tables,” edition of 1909. 
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grees Fahrenheit), and they have extra- 
polated results to 205 degrees Centigrade. 
Below 30 degrees they have made use of 
experiments by Thiesen and Scheel to ex- 
tend results to freezing points; these ex- 
periments were not made with the same 
degree of precision as those by Holborn 
and Henning. 

In order to extend calculations to 220 
degrees Centigrade, as has been the habit 
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Ap _ 815.9 — 707.3 
At = 13-5959 4 








= 3691. 


A number of elements entered into the 
determination to use this method and to 
take an interval of 4 degrees. If the rela- 
tion of the pressure to the temperature 
could be represented by a second-degree 
curve, that is, if such a curve were a 
parabola with its axis parallel to the axis 














FIG. 


in computing steam tables, the author 
made use of a diagram shown by Fig. 3, 
in which the abscissas are temperatures 
Centigrade and the ordinates are differ- 
ences between Holborn and Henning’s 
value and pressures computed by the fol- 
lowing equation: 


log p = 5.457570 — 0.4120021 (9 997411296 — 10) ‘~ *° 


+ (7.74168 — 10) (9.997411296 — 10) ‘— '” 
which was chosen as a matter of con- 
venience and because it gave a curve 
which crossed the axis near 220 degrees 
Centigrade when produced. It is thought 
that the extrapolated values are not much 
in error, though there is no means of de- 
termining this question. Fortunately this 
part of the range of temperature, as well 
as that below 30 degrees Centigrade, is 
not so important to engineers. 

The degree of precision attained by 
Holborn and Henning in the determina- 
tion of the pressure of saturated steam is 
far beyond any direct technical require- 
ment, since pressures are seldom deter- 
mined closer than one-tenth of a pound; 
it is, however, requisite, if the differential 


coefficient is to be determined with 


dp 

dt 
certainty and accuracy. 

Since their results are presented *in a 
table without attempting to represent it 
by an equation, it becomes necessary to 
dp Ap 
) ide th 
readily obtained as follows: For a given 
temperature, for example 100 degrees, we 
may compute the ratio by taking two adja- 
cent temperatures, such as 98 degrees and 
102 degrees, finding the difference of 
pressure, which is to be divided by the 
difference of temperature; and the result 
is to be multiplied by 13.5959, because 
that is the pressure of one millimeter of 
mercury on one square meter. This re- 
sult ‘is 





replace which can be most 





of pressure, the ratio for any in- 


A? 
At 





dp 
dt ° 
A table of values that could be repre- 
sented by such a curve would have con- 
stant second differences; by second dif- 
ferences are meant the results obtained by 
taking (a) the differences of successive 
tabular values, and (b) the difference of 
these differences. An examination of the 
second differences of Holborn and Hen- 
ning’s values showed great regularity 
between 50 degrees and 100 degrees, i.e., 
for their own determinations. The sec- 
ond differences increased slowly; for in- 
tervals of 4 degrees the increase was im- 
perceptible, for 6-degree intervals the in- 
crease was barely perceptible, but for 10- 
degree intervals it was very apparent. 
Now the possible precision of reading 
the hight of a column of mercury, includ- 


terval would be precisely equal to 
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each degree of temperature and the regu- 
larity of the results thus obtained was 
tested by taking first and second differ- 
ences. Where the second difference 
showed irregularity, the values of the 
ratio were changed to the extent of 
reos in order to improve the regularity 
of the second differences. This process is 
equivalent to drawing a smooth or fair 
curve to present physical properties ob- 
tained by observation. 

p 
— for 
each degree of temperature the specific 
volumes were computed by the thermo- 
dynamic equation in the first paragraph. 
They were in turn tested for regularity by 
taking first and second differences: and 
again the values were 


Having values of the ratio 


changed when 
necessary to the extent of yess to im- 
prove the regularity of the second differ- 
ences. The combined effect of both fair- 
ings is estimated not to exceed gj in 
any case and the author believes that the 
probable error of the final determinations 
of the specific volumcs is not greater than 
that amount for the range of 50 degrees 
to 200 degrees Centigrade. 

It may further be said that having com- 
puted the values of A pu at each fifth de- 
gree and plotted the results on a large 
diagram, no individual values were found 
to vary from a fair curve than 
rhs: 

Fortunately there are extant experi- 
ments on the specific volume of saturated 
steam by Knoblauch, Linde and Klebe,” 
made with such a degree of precision 
as to give a satisfactory check on the 
computations made by the method de- 
scribed. These experiments consisted in 
measuring the temperature and pressure 
of superheated steam at constant volume, 


more 


and the results were so treated as to give 
the volume at saturation by a straight-line 
extrapolation with great certainty. The 








COMPARISON OF EXPERIMENTAL AND 
VOLUME OF SAT 


COMPUTED VALUES OF THE SPECIFIC 
URATED STEAM. 



































VoLuME, Cuspic METERS. VoLumME, Cuspic METERS. 
Temper- Temper- aa — 
ature. Experi- Per Cent. ature. Experi- Per Cent. 
mental. |Computed. Deviation. mental. |Computed. Deviation. 
“100 — 1.674 1.671 +0. 18 145 0.4458 0.4457 +0.02 
105 1.421 1.419 +0.14 150 | 0.3927 0.3921 +0.15 
110 1.211 1.209 +0.17 155 0.3466 0.3463 +0.09 
115 1.036 1.036 0.00 160 0.3069 0.3063 +0.20 
120 , 0.8894 0.8910 —0.18 165 0.2724 0.2729 +0.18 
125 0.7688 0.7698 —0.13 170 | 0.2426 0. 2423 +0.12 
130 0.6670 0.6677 —0.10 175 | 0.2168 0.2164 +0.19 
135 0.5809 0.5812 —0.05 180 0.1940 0.1941 —0.05 
140 0.5080 0.5081 —0.02 . 3 








ing allowance for variations of density, is 
better than the determination of tempera- 
ture; consequently the probable error to 
be considered is that attributed to the 
determination of temperature, namely 0.01 
degree, consequently the probable error 
of a single determination of the’ ratio 
Ap 
ag 
variations this ratio was computed for 





To diminish the effect of local 


experimenters give the following equation 
to represent the properties of both super- 
heated and saturated steam: 


pu=BT—p(1+ap) 
[° (S94) -2] 


11 Vitteilungen uber 


Forschungsarbeiten, 
heft 21, S. 33, 1905. 
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B = 47.10; a@ = 0.000002; C = 
0.031; D = 0.0052, 


volumes being in cubic meters per kilo- 
gram, pressures in kilograms per square 
meter, and the absolute temperature being 
on the Centigrade scale. 

For English units the equation may be 
written. 


p u=85.85 T— p (1 + 0.00000976 p) 


[ 150, 300,000 


Ts — 0.0833 | 


the volumes being in cubic feet, the pres- 
sures in pounds per square foot and the 
temperatures in degrees Fahrenheit. 

Knoblauch claims for this equation a 
mean probable error of 55, though ad- 
mitting individual discrepancies of twice 
that amount. This equation applied to 
the computation of specific volumes of 
saturated steam shows a good concord- 
ance with results, computed by the thermo- 
dynamic equation, the greatest discrepancy 
being ;$5 at 165 degrees Centigrade 
(329 degrees Fahrenheit). 

Not satisfied with this apparent con- 
cordance, which after all was with an 
empirical equation which on examination 
showed somewhat larger variation from 
individual experimental values at satura- 
tion, the author had a diagram drawn of 
the 32 values of the specific volume re- 
ported by the experimenters. The dia- 
gram was drawn to a very large scale, 
using temperatures for abscissas and 
logarithms of volumes for ordinates, and 
a fair curve was drawn by aid of a stiff 
spline. From readings on this curve the 
volumes were determined at 5-degree 
intervals, and are set down in the accom- 
panying table together with valves com- 
puted by the thermodynamic equation. 

The greatest deviation of values in this 
table is 0.2 per cent., which is precisely 
the probable error assigned by the experi- 
menters for their work. It may therefore 
be concluded that between the limits of 
temperature in this table and probably 
from 30 degrees to 200 degrees Centigrade 
(86 degrees to 392 degrees Fahrenheit), 
the probable error of computations by aid 
of the thermodynamic equation is not in 
excess Of gz: 


This conclusion carries with it the 
attribution of at least the same degree of 
precision to all the properties entering into 
the thermodynamic equation. A little con- 
sideration will show that this conclusion 
covers ali the properties given in steam 
tables, including the entropy. As an ap- 
parent exception we have the heat of the 
liquid at high temperatures which may be 
uncertain to the extent of % of I per 
cent. of itself, but as that quantity is then 
associated with the heat of vaporization 
the influence of such an error will be of 
no consequence in computations. 

It may therefore be expected that steam 
tables based on the present information 
will have permanence. 
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Increasing the Weight of Governor 
Balls 


By A. J. Dixon 





To the question, “How would a Corliss 
engine be affected if weight were added 
to the governor balls?” the following 
answer was made by an applicant for an 
engineer’s license: “The balls would con- 
tinue to revolve in the same plane for 
the same speed, and consequently the in- 
creased weight could have no effect on 
the speed of the engine.” It is clear 
that the kind of governor referred to was 
the purely ideal revolving pendulum, in- 
volving only centrifugal force and gravity, 
and not taking into account ‘the. frictional 
and other resistances that the practical, 
everyday working governor has to con- 
tend with. Of course, if the governor 
had no work to do, no resistance to over- 
come, or if the energy necessary to drive 
it at a certain speed should always re- 
main the same, irrespective of the weight 
of the balls, the applicant’s answer would 
have been correct; for, since the two con- 
trolling influences in the action of the 
revolving pendulum or flyball governor 
are centrifugal force and gravity, the 
added weight would simply intensify these 
forces an equal amount—the balls would 
tend to fall lower by reason of the added 
weight, but they would likewise have a 
greater tendency to fly outward by rea- 
son of their greater mass, and the net re- 
sult would be that they would remain in 
the same plane. 

In order to accomplish regulation in 
actual practice, the speed of the governor 
must vary within certain limits, and 
obviously, the narrower these limits the 
closer the regulation. It is not feasible 
to regulate closer than within about 2 per 
cent. of a mean or average speed. This 
is partly owing to the frictional resist- 
ances to be overcome, but chiefly to the 
resistance due to the inertia of the mov- 
ing parts of the governor. For example, 
suppose the engine is cutting off at a cer- 
tain point for a certain load, and the load 
suddenly drops off. For a brief moment 
the valves will continue to cut off at the 
same point as before, slightly accelerat- 
ing the speed of the engine, but_ directly 
the inertia of the driving mechanism and 
moving parts of the governor will be 
overcome, together with the incidental 
frictional resistance, the speed of the gov- 
ernor will increase, the balls will rise to 
a slightly -higher plane, and cutoff will 
occur earlier in the stroke of the piston. 
This will be the succession of events only 
in the case of a properly designed gov- 
ernor, where the weight of the balls, 
which is naturally the principal factor in 
the retarding influences just noted, and 
the power of the driving mechanism are 
so adjusted to each other that the resist- 
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ances can be compensated for by the 
aforesaid 2 per cent. increase in speed. 

Since the inertia of a body is directly 
proportional to its mass, it is clearly evi- 
dent that if the mass of the governor balls 
were increased without at the same time 
re-proportioning the other essential parts 
of the governor and its driving gear to 
correspond, the mechanism could not act 
as quickly in response to the accelerated 
speed of the crank shaft as before, on ac- 
count of the increase in resistance due to 
the greater inertia and greater friction; 
consequently, the engine would continue 
to gather speed until a velocity would be 
attained sufficient to overcome ‘the addi- 
tional retarding influence. Then, this 
velocity of the crank shaft would probably 
be so great, that when the governor belt 
would finally take hold and impart a pro- 
portionate speed to the governor spindle, 
the moving parts would acquire a mo- 
mentum that would carry the balls above 
the proper plane for regulation under the 
altered condition of load, with the result 
that the valves would cut off earlier than 
they should, the engine would slow down 
only to be speeded up again after a few 
revolutions, and the final outcome of the 
whole performance would be a badly rac- 
ing engine. 

The natural inference to be drawn from 
the preceding remarks is, that the less 
weight put into the governor balls, the 
closer the attainable regulation. But this 
is so only up to a certain point beyond 
which it is impossible to go. This limit 
is fixed by the amount of energy neces- 
sary to operate the releasing gear; that 
is, to overcome the frictional resistance 
between the hook plates and steel blocks 
with which they engage. It is quite evi- 
dent that the energy necessary to do this 
work is present in the mass of the re- 
volving parts of the governor, and conse- 
quently, if the balls were deficient in 
weight, the hooks could not be forced to 
disengage or slide off the studs, without 
a more or less serious displacement of the 
knockoff cams and consequently of the 
whole governing mechanism. 





A press despatch states that Secretary 
Ballinger of the Interior Department has 
instructed the director of the Geological 
Survey to make an investigation of power 
sites under the public domain outside of 
national forests which are not included in 
withdrawals for reclamation purposes 
with a view to securing at the next ses- 
sion of Congress legislation to control and 
regulate their disposition. 





The Great Falls Power Company, of 
which P. M. Gillatt, engineer of the H. 
M. Byllesby Company, Chicago, is one of 
the principal movers, is now taking con- 
tracts and proposes to supply sixty-three 
towns and cities in Manitoba with electri- 
cal energy. 
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POWER AND THE ENGINEER. 


Increasing the CO, Content of Flue Gases 


Investigation of Combustion Conditions under Ten Boilers (8400 


Horsepower ) 


Using Bituminous Slack Saved $6500 per Year 





B Y A 


The plant consists of eighteen 400-horse- 
power and four 300-horsepower Babcock 
& Wilcox water-tube boilers, with Roney 
stokers. The diagram of the boiler room 
is shown in Fig. 1. The four batteries 
the north steel stack include four 
400-horsepower boilers and four 300- 


South Steel Stack 


on 


.. 2 


The idea that prompted this investiga- 
tion was to find out to what extent it was 
possible to regulate the boilers in order 
to secure the highest CO: at the stack and 
at the same time get the required ca- 
pacity out of the boilers. It was deemed 
advisable to attempt both to regulate the 
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horsepower boilers, which are the old- 
est boilers in the house. On the south 
Stack are four 400-horsepower boilers, 
and there are ten 400-horsepower boil- 
ers on the brick stack, which is more 
than the stack was designed for. The 
last boiler is approximately 146 feet from 
the stack. With future extensions in the 
house an additional stack will be built to 
equalize the draft. 


PLAN OF 


North Brick sua ) 


BOILER ROOM 


Power, N.F 


boilers singly and as a whole by an- 
alyses of the stack gases. This would 
give a relative value of the CO: after al- 
lowing for the infiltration of air through 
leaks in the breeching. 

So far most of the claims of the manu- 
facturers of CQO: recording instruments 
have been based on hard coal, which 
gives the best possible conditions for com- 
plete combustion. An average analysis of 


BOARDMAN 


A number of tests made have shown 
that the CO: record gives accurate in- 
formation regarding the efficiency of a 
boiler. For a boiler that works at the 
highest theoretical efficiency the CO: rec- 
ord would be constant at about 20, that 
is, all the oxygen of the air would com- 
bine with carbon to form CO: In prac- 
tice such results are seldom obtained, ex- 
cepting for momentary jumps up to 16, 
17 or 18 per cent., which are for very 
short periods and may be considered ab- 
normal. When a condition exists at the 
grate for any length of time to give a 
CO. value of 17 or 18 per cent., the 
boiler capacity will probably decrease. It 
might be noted that the boiler in the 
plant under consideration which gives 
the highest average CO:, 14 per cent., had 
the least amount of draft. A test on the 
same boiler showed a capacity of 87 per 
cent. tfnder approximately the same con- 
ditions. 

In the present case, using bituminous 
slack, when the CQO: rose as high as 15 
per cent. for a short time, the fire be- 
came heavy and the capacity of the boiler 
was seriously interfered with. 

It is common knowledge that there must 
be an excess of air, owing to a lack of 
knowledge of the existing conditions at 
the grate. The result is that the best 
efficiency in practice corresponds to about 
70 per cent. of the theoretical, and will 
generally be lower, depending upon the 
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the coal used in this plant, which is Sul- 


livan county, Indiana, slack, is as fol- 
lows: . 

Per cent. 
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ARRANGEMENT FOR DRAWING OFF 


2"Dia. 12Long, 
Pipe filled with 
Cotton. 


Power, N.Y. 
FLUE GASES 


kind and quality of coal, manner of 
firing, design of grate, furnace, etc. With 
the coal used in this plant under the 
conditions described, the average CO: an- 
alyzed at the stack should be about g to 
10 per cent. For lower grades of culm 
the highest attainable practical efficiency 
would give approximately 8 per cent. of 
CO., with an actual average of about 4 
per cent. 
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APPARATUS USED AND PRELIMINARY 
TESTING 


The apparatus used were an Orsat- 
Muenke flue-gas analyzer, an Ellison draft 
gage and a 1000-degree thermometer. The 
draft was taken over the fire and at the 
bottom of the soot blowoff holes in the 
side of the boiler instead of the standard 
place in front of the damper. ‘here was 
a difference of 0.02 inch between the 
damper and the bottom soot holes, but 
since the readings were only relative this 
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FIG. 4. OBSERVATIONS.ON NORTH STEEL STACK 
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FIG. 5. REGULATION ON SOUTH STEEL STACK 


deviation could make no appreciable dif- 
ference. 

The flue-gas samples were taken at the 
same place. At the brick stack, where it 
was hecessary to draw the samples down 
into the boiler room, a distance of 40 feet, 
a steam aspirator, Fig. 2, made out of 
piping, was used, and in addition a cotton 
soot filter, on account of the suction that 
was exerted in drawing down the gas. The 
samples were then taken from a tin samp- 
ling can, as shown in Fig. 3. 

Trials were made on several of the boil- 
ers to get extreme and average results 
before attempting to regulate any bank 
of boilers. The CO, varied from 3.5 to 
16.6 per cent., the average being near 6 
per cent. The highest CO: record, 16.6 
per cent., was obtained on boiler No. 22, 


POWER AND THE ENGINEER. 


which had the least draft, 0.26 inch, in 
front of the damper. This extremely high 
reading was probably due to momentary 
conditions and may be regarded as ab- 
normal. 

A series of observations were taken on 
the north steel stack, including a smoke 
chart*, and CO: analysis. It was noted 
that as the load increased the smoke be- 
came more dense and the COs decreased. 
This is explained by the fact that as the 
boilers were being forced an excess of 
air was required which increased the 
density of the smoke and also decreased 
the CO: content of the flue gases. The 
next day an attempt was made to increase 
the CO: by adjusting the conditions at 
the fires, that is, with the excess of air 
shown by the CO: record, either shut off 


May 18, 1909. 


cent., which conclusively proved this to: 
be true. (See Fig. 4.) 

On the majority of the boilers in ques- 
tion the baffling was in poor condition. 
Experiments on the defective boilers 
showed that it was impossible to raise 
the CO: to any appreciable extent. This 
is due to the fact that after the air is 
drawn through the fire, if there is not a 
thorough mixing of the free oxygen of 
the air with the unburnt volatile matter 
of the coal to produce complete combus- 
tion, the gases then pass out of the flue 
at a very high temperature, which lowers 
the efficiency of the, heating surface. 
Owing to the high temperature and slag- 
ging action of the gases, it is difficult and 
expensive to keep the baffling over the 
bridgewall in good shape, and the re- 
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FIG. 6. PRELIMINARY TEST OF BOILERS ON BRICK STACK 


the draft or carry a heavier fire, as the 
most economical draft is not a dilution 
coefficient of one, but the least amount 
of air it is possible to get along with. 


INFILTRATION OF AIR THROUGH 
BREECHING 


With the dampers wide open the CO: 
was about 5.4 per cent. As the dampers 
were gradually shut off the CO. decreased 
at the stack. This showed that the breech- 
ing was full of leaks. By closing all the 
dampers a little, more air was pulled 
through the leaks. Further closing of the 
dampers decreased the CO: to 3.5 per 


*The chart used is similar to the Ringelman 
chart with the exception that the densities 
are designated as clear, 00, 0, 1, 2 and 8, 
instead of 0, 1, 2, 3, 4 and 5. 


sult is that some boilers have about one- 
half the effective heating surface of 
others. 

The results obtained on the south steel 
stack, serving four boilers of 1600-horse- 
power capacity, were somewhat better. 
Allowing for the infiltration of air in 
the breeching, the average was raised 
from 6 to about 8 per cent. (See Fig. 5.) 
This represents a saving of 9 per cent. of 
the heat lost up the flue. High tempera- 
ture readings showing poor baffling on 
boiler No. 11 interfered with better re- 
sults. A different method was followed 
with the boilers on the brick stack. Flue- 
gas analyses were made for the greater 
part of one day to ascertain the average 
CO., Figs.6and 7. It was thought desirable 
to attempt individual regulation on each 








May 18, 1909. 


boiler to find the best conditions for each 
boiler, draft, thickness of fire, etc., then 
try to approximate the conditions before 
running a test with the boilers on that 
stack. As the work proceeded the neces- 
sity of a recording device became more 
apparent. It was easy enough to take 
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This checks up with the results of the 
steaming tests at St. Louis, i.e, if the 
oxygen is decreased simultaneously with 
the rise of CO: content, the completeness 
of combustion* decreases. 

Third, that the density of smoke in- 
creased with the raising of the CO. This 
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FIG. 7. AVERAGE DATA FROM TEN BOILERS ON BRICK STACK 


any boiler at random, adjust the damper 
to suit the thickness of the fire, even im- 
prove the firing, and explain to the fire- 
men what was desired; then camp along- 
side of the boiler and continue to get 
good results; but on the next day it 
would be necessary to start all over again 
and at the same time there would be 
twenty-one other boilers, each wasting 
heat up the stack. There was nothing 
that could be told the firemen that would 
be of any permanent value in firing. 


EFFECT oF DAMPER REGULATION 

Experiments were then made on all ten 
boilers connected to the brick stack, with 
special reference to damper regulation, 
The series of observations extended over 
one day. Although the experiments on 
the separate boilers and stacks had given 
an idea of what might be. expected, it 
still remained to prove out a few of the 
theories that had- been advanced by the 
previous tests. 

The graphical logs, Fig. 8, show, first: 
that the maximum attainable CO. with 
the coal used is in the neighborhood of 
IO per cent. 

Second, that the increase in CO. corre- 
sponding with the decrease in draft 
showed a decrease in steam pressure and 
boiler capacity. 


Density of 
© Smoke 
s 


Pounds Steam 


1 


Pressure 
- 
= 
So 


Per cent, CO, 
co ew wo Wee eae 8 @ C 


700 10.00 11:00 12:00 1:00 


885 


make frequent use of the slice bar, which 
resulted in an increase in the density of 
the smoke. 

About 3 o'clock in the afternoon the 
load had started to peak and it became 
necessary to open up the dampers to get 
capacity out of the boilers. 

In the following data Column 1 gives 
average results before regulation and 
Column 2, average results after regula- 
tion: 


i. 2. 
Flue gas temperature ........... 575° F. 695° F, 
Boiler room temperature........ 73° F. 66° F. 
CO,, per cent, volume.......... 5.6 7.3 
OO, + O, per cent. volume...... 20.3 20.7 
PI I indicat sinescecss snus 14.7 13.4 
CO, per cent. volume............ ee 
Nitrogen by difference ... ...... 79.7 79.3 
Dilution coefficient .............. 3.28 2.55 
Wt. air per Ib. carbon .......... 38.3 32.2 
Heat units lost, B.tu. ........... 4680 4020 
Per cent. heat lost in flue ...... 32.3 27.7 
Volume of air per lb. carbon... 464 400 
Efficiency, per cent. ............. 66.2 70 


Saving in heat lost = 5.6 per cent. by 
raising CO. from an average of 5.6 up to 
7-3 per cent. 

Assuming 20 pounds of coal per square 
foot of grate surface per hour, and ten 
boilers, each with 81.6 square feet of grate 
surface, or a total of 816 square fect. 


816 X 20 = 16,320 pounds coal per 
hour. 
. 
16,220 X 8 = 130,560 pounds coal per 


eight hours. 
130,560 -- 2000 = 65.28 tons. 
65.28 tons @ $1.50 = $97.92. 
6% of $97.92 = $5.48. 
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FIG. 8. RESULTS OBTAINED WITH DAMPER KEGULATION AND CAREFUL FIRING 


is explained by the fact, that by de- 
creasing the air supply with the thickness 
of fire constant, it became necessary to 





*Furnace efficiency or per cent. complete- 
ness of combustion is the ratio of the heat 
actually evolved in the furnace to the po- 
tential heat of the combustible ascending from 
the grate—Study of 400 Steaming Tests, 
United States Geological Survey. 


Total saving for 24 hours = $16.44. 
Saving for one year = $6000.60. 


This last result, which is the total sav- 
ing on ten boilers, shows that it would 
pay to keep a man to take charge of the 
boiler room with the sole aim in view of 
increasing the COz. 
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CARBON BuRNED TO CO:2: 
NITROGEN 79. 





“Combustible “Combustible 
sox Carbon, = air” | 100% Carbon, = Air” 
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~~ } Dish, 1s | Ses } seeees .- 
=F) eevee Rae Bee es... 4.20 
oy + ore 1.40 > eget} Coes 5.25 
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= io} paced 1.91 

This table is. correct for the values 
given. It is impossible to compute a table 


that will show the heat loss for any case, 
owing to the number of varying factors 
that influence the result. 


A Peculiar Accident 





On the afternoon of Saturday, March 
20, Peter H. Bullock, chief engineer of the 
Concord Reformatory, Concord Junction, 
Mass., was passing through the engine 
room on his way to his office and paused 
near the cylinder of a 20x48 Harris-Cor- 
liss engine. As he glanced from the valve 
gear to the governor, by the hight of 
which he saw that the load was light, 
there came the sound of water slapping 
in the cylinder. Signaling his assistant 
to go to the boiler room, he partially 
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closed, the throttle, slowing the speed of 
the engine, when almost immediately 
there came the pound of solid water in 
the cylinder. 

Mr., Bullock immediately closed the 
throttle and, as the engine continued to 
pound hard as it slowed down, unhooked 
the motion plate, hoping to stop the en- 
gine more quickly. At the third stroke 
following, as the crank was passing the 
forward center, the side of the throttle 
valve burst, steam and hot water striking 
him in the face and on the upper part 
of the body and throwing him to the floor. 
Bruised and scalded, and with eyes and 
mouth closed, Mr. Bullock crawled as 
rapidly as possible toward a window 
seventy feet away, running into the fly- 
wheel of a high-speed engine en route, 
which bruised him more. But in less than 
thirty seconds from the time he placed 
his hand on the throttle lever he was 
safe outside the building. 

In this plant steam is generated in three 
vertical boilers, with induced draft con- 
trolled by a Foster fan-regulating valve, 
and in two horizontal tubular boilers with 
natural draft. At the time of the acci- 
dent shavings and waste lumber were be- 
ing burned under one of the horizontal 
boilers and, as the fire was burning fierce- 
ly, it is thought that the Foster valve 
in the fan-engine steam pipe practically 
stopped the fan engine and water was 
carried over into the steam main from 
the horizontal boiler. From the horizon- 
tal boiler the steam pipe passes across the 
boiler room and, making a right-angle 
turn, leads along the side wall which sep- 
arates the engine room from the boiler 
room. At the end of this pipe steam for 
the engine is taken from the bottom, 
compelling all water in the pipe-to flow 
to the engine. 
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It would seem that after the throttle, 
which was of the sliding-cover lever-ope- 
rated type, was closed water collected in 
the pipe and as the water in the cylinder 
was rapidly forced upward through the 
steam chest, lifting the steam valve of 
the engine and the valve in the throttle 
from their seats, when the water from 
the cylinder met the column of water in 
the pipe above the throttle, the pressure 
required to start this column was greater 
than the body of the throttle would stand. 

It is assumed that the break in’ the valve 
was caused by water from the cylinder 
of the engine rather than by that from 
the boiler, because at no time was there 
any sound that would indicate what is 
known as water hammer in the steam 
pipe. A piece of the casting was blown 
out and could not be found. 

Test pieces were cut from the body of 
the valve casting and sent to the mechan- 
ical laboratory of the Massachusetts Insti- 
tute of Technology, where they were 
found to have a tensile strength of more 
than 20,000 pounds per square inch. 

Critical examination of the fracture 
showed that possibly a crack about six 
inches long existed in the iron for a 
long time, as most of the way around the 
edge it looked bright and clean, while for 
the rest of the circumference it appeared 
dull, as though oil had seeped into a very 
small crack and carbonized. 

At one place the thickness of the metal 
in the shell was reduced to about 1% inch, 
but calculation shows that even at the re- 
duced thickness a sound valve casting 
would be safe for a working pressure of 
more than 200 pounds per square inch. 
It is probable that the body of the valve 
had become weakened, or it would not 
have failed in time to save the engine 
from a serious wreck. Inside the largest 
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diameter of the valve body was 93% inches, 
with a thickness of 7/16 inch, except where 
reduced by the spot-facing tool to about 
5/16 inch at a single point. 

After steam had been shut out of the 
pipe and the excitement had somewhat 
subsided, it was observed that the water 
in the horizontal tubular boiler was a 
little lower than normal, showing that it 
was not unlikely that it had at no time 
been unusually high, but had primed dur- 
ing the fierce firing just preceding the 
accident. 

Mr. Bullock has been chief engineer at 
this plant for nearly thirty years and this 
was his first accident of any kind in which 
anyone was hurt. 

The engine has been in constant opera- 
tion about sixteen years and has never 
before had a dose of water. 





Practical Points in Electric Crane 
Work 


By R. H. 


FENKHAUSEN 

A certain make of radial-arm crane con- 
troller was for the first few years of its 
manufacture equipped with the type of 
brush holder shown in Fig. 1. A holder 
of this type was mounted on each end of 
the controller arm but insulated from it. 
The path of the current was from brush 
to brush in each holder and fiber buttons 
F were used to insulate the springs at 
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one end and thus prevent the passage of 
current from destroying their temper. 

As no pigtails were employed to carry 
current to the brushes, and they could not 
be easily attached, the current was forced 
to travel from brush to holder and thence 
to the other brush. The brushes were 
necessarily loose in the holders to allow 
them free play, which resulted in severe 
arcing that soon destroyed brushes, springs 
and, eventually, the holders themselves. 

. There being some seventy-five of these 
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holders in the plant under my charge, the 
maintenance charges were very high and 
the shutdowns numerous, so 
that it became necessary to design a bet- 
ter brush holder. 
Fig. 2. In the new holder, it will be evi- 
dent, the brush holder has no part in the 
carrying of current. All current is car- 
ried by the brass plate Y and the holders 
proper could be made of any convenient 
material. It was, of course, easiest to 
convert the old holders to the new, 
simply by cutting off the bridges D, Fig. 
1. The change described increased the 
life of the brushes over fifty times and 
entirely stopped crane shutdowns due to 
this cause. 

As many hundreds of these holders 
(estimated at 3500) were placed on the 
market before the makers changed the 


of cranes 


The result is shown in 
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design, it is hoped that this description 
of the simple alteration will aid those 
readers of Power into whose hands the 
old brush holders have come. 

Many cranes are equipped with a limit 
switch to prevent overtravel of the hook, 
and most of these are operated by a 
weighted nut traveling on a stud screwed 
into the end of the drum shaft. This 
limit switch is for emergency service only, 
but careless operators often depend on it 
to stop the hook regularly, and some even 
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disturb the setting of the weight 4, Fig. 
3, in order to save themselves the trouble 
of resetting the switch. As several bad 
wrecks had occurred, a stop was put to 
alteration of the switches by the operators, 
follows: A guide B, Fig. 3, was 
attached to the frame of the crane under 
the weight 4. Studs EE were tapped 
into the weight, holes having been drilled 


as 














through their heads, and a lead wire was 
passed through the stud heads and around 
the bar B, as shown, and the ends sealed 
with a lead seal closed with a sealing tool 
having the initials of the company en- 
graved on the dies. The cap screws F 
and G were also sealed to prevent tam- 
pering. 

When a hook overtravels, the seal wire 
is broken, and as the crane inspector is 
the only one having access to the sealing 
tool, every case of overtravel is recorded 
against the operator. 

This plan is also useful to prevent un- 
authorized of the 
circuit-breakers, relays, etc. 


alteration setting of 





New Boat Shows High Efficiency 


One of the new White Star liners, the 
“Laurentic,” which was built at Belfast, 
Ireland, for the Canadian trade, made a 
remarkably good her trial 
tests. The coal consumption per indicated 
horsepower-hour was as low as 1.1 pounds 
and only 11 pounds of water per indicated 
horsepower-hour was used. The engine 
equipment consists of two four-cylinder 
triple-expansion engines working on the 
outboard screws, and one low-pressure 
Parsons turbine connected to the amid- 
ship screw, the combined power of the 
outfit being 10,000 horsepower. A boiler 
pressure of 200 pounds per square inch is 
carried. The steam supply first passes 
to the reciprocating engines and expands 
to a pressure of from 14 to 17 pounds, 
absolute, per square inch. From the low- 
pressure cylinders of the engines it is 
passed along to the turbine on the center 
shaft, but for manceuvering the ship into 
and out of port the turbine is not used and 
the steam is fed directly from the en- 
gines to the main condensers. 


7. 
showing in 


During the 
trial the engine-turbine outfit developed 
about 12,000 horsepower, or 2000 horse- 
power more than was expected, and also 
exceeded by 2% knots a guaranteed speed 
of 15. 
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from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Homemade Exhaust Head 





The accompanying sketch is of an ex- 
haust head. It is very simple and inex- 
pensive and so efficient that it has been 
adopted by the company with which I am 
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connected. We have used them on ex- 
hausts on from 2- to 16-inch pipes, with 
entire satisfaction. 

The head is made of galvanized iron 
with riveted and soldered joints, making 
it water-tight. It consists of two cylinders 
A and B, B being only a continuation of 
the exhaust pipe which is divided into two 
sections by the conical baffles J and K, 


the upper section E, being perforated the 
entire length, while the lower section is 
perforated down to the point D. The re- 
maining part H forms a catchbasin for 
the water and oils separated from the 
steam. The perforations are staggered 
and vary in direct proportion to the area 
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EXHAUST HEAD 


of the exhaust pipe. The outer cylinder 4 
forms a condensing chamber around B. 
This is stiffened in the center of the 
large heads by a light brace. At the bot- 
tom is a flange into which is screwed the 
return pipe. 
this chamber overcomes any possible 
chance of back pressure on the engine, 
while giving the best conditions for the 


The large internal area of 


IDEAS 


expansion, condensation and 
of the water and oil. 
I have also used the device with suc- 
cess as a muffler on a high-speed engine. 
H. M. Nicwo tts. 


separation 


Chicago, Ill. 





Arrangement of Air Pump and 
Heater in a Mine Plant 





On beginning my work in my present 
plant I found two slide-valve engines in- 
stalled to run the mill, one a 13x16, the 
other an 18x24. These engines can be run 
simple, both at one time or separately, 
with or without vacuum; or, by changing 
two valves, they can be run compound 
with or without vacuum. I usually have 
120 pounds of steam pressure. 

The air pump and jet condenser are 
located 40 feet from the low-pressure 
cylinder of the mill engine, which has an 
8-inch exhaust pipe. This is rather small 
for that distance and reduces the vacuum 
a little. I averaged 17 inches of vacuum, 
at the condenser, which is not so bad for 
an altitude of 7200 feet. A perfect vac- 
uum at this altitude being about 2234 
inches, 17 inches is equal to about 24 
inches at sea level. 

In order to get a vacuum on the mill 
engines when the compressor was not 
running, I connected the air pump to the 
mill by means of a shaft, having a crank 
on the end connected to an arm on the 
rockshaft of the air pump. By slipping off 
the connecting rod from the rocker arm 
on the air pump, and the pin on the com- 
pressor, adjusting this arm for the mill 
connection, the mill drives the air pump 
at 50 revolutions, very satisfactorily. 

We have a pond, about too feet square, 
350 feet from the condenser, and draw the 
condensing water from it, through a 5- 
inch pipe, directly by the air pump, which 
makes a lift of 15 feet besides the fric- 
tion in the pipe. This pipe runs under the 
mill through a tunnel which conveys the 
warm water back to the pond _ for 
cooling, discharging at the farther end. 

As the water from the mine is bad for 
the boilers, I made a surface condenser 
to furnish condensed water for them, con- 
necting the condenser to the air pump 
and drawing the water from the pond 
with a common steam vacuum pump. 
This pump circulates the water over the 
condenser tubes, the hot water dropping 
back into the same canal, and returns to 
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the pond to be cooled. I get the same 
vacuum with the surface condenser that I 
do with the jet condenser. This reduces 
the power required to operate the air 
pump almost to nothing, and puts the 
power it requires when running the jet 
condensing onto this circulating pump. 
But I make use of all the heat in the ex- 
haust of this pump to raise the tem- 
perature of the feed water, which water 
comes from the surface condenser at 
about 120 degrees temperature, by run- 
ning the exhaust to the heater. 

The heater has no outlet for the ex- 
haust steam and other inlets, except a 
34-inch pipe at each end to drain out the 
water of condensation. These pipes are 
connected to one leading to the hotwell. 
In addition to the exhaust steam of the 
circulating pump entering the heater, the 
trap which drains the receiver and re- 
heater (which are one) between the high- 
and low-pressure cylinders of the com- 
pressors also discharges its water into the 
heater. On account of the variable tem- 
perature of the feed water entering the 
heater, theré is a fluctuating back pressure 
on the exhaust of the circulating pump, 
but this does not interfere to any disa- 
greeable extent with the regularity of the 
pump. 
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Compression 


Are we not inclined to enshroud this 
question of compression with so much 
theory that the meat is lost sight of? 
Few will dispute that it is good engineer- 
ing to entrap sufficient exhaust steam 
ahead of the advancing piston to absorb 
the inertia of the moving parts to such a 
degree that the crank will pass the cen- 
ters as quietly as possible and, incidentally, 
warm up the cylinder walls and reévapo- 
rate what condensation may be present 
rather than to have these useful functions 
performed by the incoming live steam. 

Calculating the right amount of com- 
pression for each case may be shorn of 
a lot of perplexity if we are content to 
deal with the question in the abstract. If 
a reciprocating engine is operated at its 
normal load, speed, initial and back pres- 
sures, with the crank-pin box loosened up 
for the occasion, that setting of the valve 
or valves with regard to exhaust closure 
that enables the crank to pass the centers 
with the least jar settles the question of 
compression for that set of conditions, 
does it not? 

With the four-valve, double-eccentric 
type of engine, valve setting is a simple 





FIG. I 


This same heater is connected to the 
receiver of the mill engines by a I-inch 
pipe having a valve. When the mill is 
running there is more water to be heated 
{which water comes from the same feed 
pump) and consequently requires more 
heat. This is obtained from the receiver 
of the. compound mill engines, which re- 
ceiver has an average pressure of about 
25 pounds, and the heater is always ex- 
posed to this pressure. The t-inch pipe 
is so located that it takes all the water 
ot condensation from the receiver. No 
steam from any other source enters the 
heater except that mentioned. 

I introduce the feed water at the top 
and deliver it to the boilers from the bot- 
tom, as the water going out at the bot- 
tom leaves the oil at the top of the heater, 
which is blown out at intervals from the 
top. I am making a settling tank, how- 
ever, to further the extraction of the oil, 
and shall locate this tank to catch the 
water as it falls from the air pump, and 
let the feed pump take it from the tank, 
thus making less deposit of oil in the 
heater. 

L. D. CopeLanp. 

Los Angeles, Cal. 


Power, N.Y. 


FIG. 2 


operation, but when dealing with the sin- 
gle-valve engine, either throttling or auto- 
matic, difficulties are sometimes met with 
that afford an opportunity for a little 
mental exercise. 

Inasmuch as equal lead, cutoff and ex- 
haust opening and closure cannot be 
attained in a single-valve engine, that is, 
equal as between the two ends of the 
cylinder, a middle ground must be sought 
that will give the best net results. 

To illustrate, attention is called to Fig. 
1, showing the results of setting a slide 
valve by the eye. The cutoff is fairly 
equal, but the exhaust release on both 
ends is poor and the admission at the left 
is distinctly bad, and the engine knocked 
badly on that end. Fig. 2 shows the final 
compromise, which carried the crank over 
the centers beautifully, with the box 
loosened up, and while the cutoff is un- 
equal to a marked degree the exhaust 
opening leaves little to be desired. 

It is obvious that unequal cutoff has a 
tendency to make the governor see- 
saw, but with a fair-sized balance wheel 
this difficulty is more apparent than real. 
In handling single-valve automatic engines 
under ordinary conditions it is pretty safe 
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to limit our activities to keeping the valve 
in its proper place with reference to eccen- 
tric or valve-stem length; that is, when 
taking up wear, take it up equally on both 
sides. 

There are occasions, however, where 
moving the governor wheel on the shaft, 
by means of an offset key, enables an en- 
gine to cope with unusual conditions that 
the designer had no opportunity to fig- 
ure on. 

In one case, an abnormally high load 
caused such early exhaust closure that 
the slack in the moving parts was taken 
up with a slam before the crank passed 
the centers. We had no way of adding to 
the load nor lowering the steam pressure, 
on account of other units, so we cut off 
enough inside or exhaust lap to enable 
the engine to run quietly under existing 
conditions. 

In another case a single-valve automatic 
engine was overloaded to such extent 
that the high terminal pressure obliterated 
the effect of what little compression was 
realized from late exhaust closure. Imag- 
ine the reciprocating parts of this engine 
approaching the “all stretched 
out,” only to be brought up with a steam- 
hammer jar when the steam valve opened. 

The engine cylinder was about 12x12- 
inch; % inch was added to the inside lap, 
and the knock disappeared. 

A novel theory, to me, was carried out. 
Instead of trying to bring the face of the 
added pieces flush with the working face 
of the valve, no attempt was made to do 
so, with the idea that a steam-tight joint 
would be useless until an appreciable pres- 
sure had been raised in the cylinder, by 
which time the valve would have time to 
get over onto the old part that was 
already steam-tight; in other words, the 
added pieces acted only as obstructions 
or checks. While there was not enough 
difference in the pressure to make a cur- 
rent, the scheme worked and saved a lot 
of useless fitting. 


centers, 


E. G. TiLpEn. 
Downers Grove, III. 





Pump Valves 


In the March 23 number, page 562, H. 
T. Fryant says he cannot see why springs 
are required on the valves of a boiler- 
feed pump. While I should not care to 
do without springs, I do think we often 
apply more pressure than is necessary. 

In the plant of which I have charge, 
there is a duplex steam pump for feeding 
the boiler, taking water from an open 
heater, which could not very well be 
placed as high above the pump as it should 
have been. However, we had no trouble 
on that score until a few months‘ ago, 
when the pump began to slam on one 
stroke as though it was not getting water 
freely enough to fill the cylinder. It 
would run quietly up to a certain speed, 
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also after stopping the engine, when the 
water in the heater would begin to get 
cooler. 

Thinking that the spring might be set 
tighter on the end giving trouble, I opened 
up the valve chamber, but could not de- 
tect any difference. I decided to ease up 
on all the springs on the suction deck, 
although I did not consider them too 
tight, but on starting up again I found 
that my trouble was over. 

THoMAS WHELPTON. 

Rosthern, Can. 





Puzzling Transformer Action 


The trouble with a series circuit oper- 
ated from a constant-current transformer, 
recently reported by E. L. Mason, is quite 
unusual. It is difficult to make positive 
statements in the absence of statistical 
data of the apparatus, but I believe the 
accompanying diagrams and_ reasoning 
constitute a plausible explanation. 

In Fig. 1 (drawn from memory) is 
shown the apparatus; the constant-current 
transformer at the left, the boosting 
transformer in the center, and the ter- 
minals of the lamp circuit (with the 
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FIG. I 


switch shown open for clearness) at the 
right. Arrows have been added to show 
the direction of current in the several 
parts of the circuit during the half cycle 
in which the current plows upward 
through the constant-current transformer 
secondary. 

The arrow heads show that both trans- 
former secondaries carry more current 
than the lamp circuit, which is said to take 
3.5 amperes. If we assume in the absence 
of any definite data that the voltage is 
about 2000, then the booster transformer 
has a 2000-volt primary and a_ 1oo-volt 
secondary. With the connections as given, 
the transformer primary absorbs power 
from the circuit, which is returned by the 
secondary, increasing the voltage (this is 
the normal conditions of boosting). When 
everything is balanced the product of 
volts boost times current in the (booster 
transformer) secondary is approximately 
the same as that of the volts and am- 
peres in the primary. This arrangement, 
Mr. Mason says, operated satisfactorily. 

Let us now throw over the reversing 
switch on the booster transformer. We 
shall then have the connections shown in 
Fig. 2. We may note here that the con- 
stant-current transformer is more power- 
ful than the booster, so that the direc- 
tions of the currents are the same, ex- 
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cept between the booster primary and the 
main circuit. We now have the booster 
transformer primary operating in parallel 
with the constant-current transformer to 
furnish current to the lamp circuit. When 
balance is again obtained, the functions of 
the booster primary and secondary have 
been interchanged and the power absorbed 
by the secondary, which is equal to the 
current times the volts drop, reappears in 
the primary and is delivered to the lamps. 
The product of volts and amperes in both 








FIG. 2 


circuits of the (booster) transformer is 
again nearly the same. 

There is one important difference in the 
current relations in Fig. 1 and 2, which 
we must now take into account. In Fig. 
1 the constant-current transformer car- 
ries the sum of the lamp and the booster- 
transformer currents; in Fig. 2, the dif- 
ference. The excess of current in one 
case over the other is 
booster-transformer current, as the cur- 
rent will not be exactly the same in both 
connections. When the current in the 
(constant-current) transformer secondary 
decreases, there is a prompt change of 
position of the secondary coil, because 
this is exactly the condition which the 
transformer is designed to handle. The 
voltage rises so as to increase the current 
in the circuit. 

We must not forget, however, that both 
transformers are in parallel, so that they 
have the same voltage at their terminals. 
This requirement regulates the drop 
through the booster-transformer secon- 
dary. The final condition of equilibrium 
will be increased voltage and more cur- 
rent to the lamp circuit, provided these 
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FIG. 3 


are within the limitations of movement of 
the constant-current transformer. 

In Mr. Mason’s case the rise in voltage, 
due to the constant-current regulation ex- 
ceeded slightly the drop through the 
booster secondary. In measuring the 
effect of the booster, one should be care- 
ful to start from the proper neutral con- 
dition, which is with open - circuited 
primary and short-circuited secondary (of 
the booster transformer). If the secon- 
dary is not short-circuited when the pri- 
mary is open, it acts as a choking coil and 
causes a considerable voltage drop. 
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In order to realize the purpose of this 
booster, it will be necessary to block the 
secondary of the constant-current trans- 
former, which converts it into a constant 
potential transformer. If the connections 
are then changed as in Fig. 3, the booster 
transformer will either boost or buck, as 
desired, but the constant-current regula- 
tion will be lost. 

Local conditions must be peculiar to 
require such unusual connections. As a 
general thing, sufficient adjustment is ob- 
tainable in a constant-current transformer 
by changing the amount of counter- 
balancing weights to take care of any 
probable requirement. 

Secpy HAar. 

Schenectady, N. Y. 





Joints for a Boiler 


According to the best practice a triple- 
riveted butt joint has a theoretical effici- 
ency of about 85 per cent. of the sheet. 
Whether the efficiency of the joint is that 
high under actual working conditions is 
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an open question. Conceding that it is, 
and that the efficiency of a double-riveted 
butt joint is about 82 per cent. of the 
strength of the sheet, to get the increased 
efficiency of about 4 per cent. an ad- 
ditional row of rivets is necessary; the 
slight increase in width of the covering 
plate required is not worth considering, as 
far as increased cost is concerned. 

Is there any reason why boiler plates 
cannot be made as shown in the accom- 
panying sketch, and in that way compen- 
sate for the reduction in the section of the 
plate due to the rivet holes? 

A plate so rolled would allow a riveted 
joint to be made exceeding in strength the 
body of the plate. 

It might be a little difficult to bend the 
plate just at the point where the full com- 
pensation begins, as shown at A. 

There may be a reason for not using 
the style of plate I suggest, as the grain 
or fiber of the plate caused by rolling 
would run the wrong way. I have been 
unable to learn the strength of steel plates 
“with” and “across” the grain. I find 
that iron plates show 6 per cent. more 
strength with the grain. When I say 
iron plates I refer'to the very best grade 
of boiler plates. 

A. 4... HALE: 

Denver, Colo. 
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Limitations of a Pump Lift 





Replying to Frank L. Wallis’ letter in 
a recent issue, I differ with him regard- 
ing the statement that the limitations of 
a pump are a 27-foot raise, as | have 
several times raised water 30 feet and one 
time even as high as 31% feet. 

In this latter instance there was a 
shaft 42 feet deep at which depth were 
two tunnels, each 200 feet long. Their 
purpose was to get at the different artesian 
wells to cut them off at that depth, also 
for a header to connect up a nine and a 
half million 500-foot lift Dow pump, the 
pump to be set in a pit 42 feet below 
the surface on a level with the flow of the 
wells. 

[ put a duplex pump so that the cyl- 
inders were just above the water level 
and started up. Everything worked nicely 
until I got the water down 29 feet, when 
the pump refused to lift water. The 
only trouble we had was with the pack- 
ing in the pump cylinders, which had to 
be renewed every two weeks or so. 

W. ELLERBROCK. 

Honolulu, Hawaii. 





A Siphon Discussion 


The chief engineer and a packing sales- 
man were smoking in the fire room 
chatting about the weather, politics and 
machine diseases, when the salesman, 
fishing in his pocket, produced a piece of 
paper with a sketch similar to the one 
shown herewith. Handing it to the chief, 
he said: “Here is something that the 
engineer down at the rubber works put up 
to me this morning. I wasn’t quite sure 


and 


about it and want you to post me. He 
wanted to know if it would siphon.” 

“It certainly would not,” replied the 
chief, after looking over the sketch, 


“because the atmospheric pressure at sea 
level will not support a column of water 
more than 34 feet high, and consequently 
the water would not flow over the neck 
of the siphon.” 

“IT told him that,” said the salesman, 
“but he then asked me what would actu- 
ally happen when the water was released 
at both ends of the pipe, and that put me 
‘up a tree.’ I told him I was sure that 
the water would flow out of both branches 
of the siphon until it reached a point in 
each about 34 feet above the surface of 
the water in the respective reservoirs, 
and he then wanted to know what would 
take the place of the water. That was 
too deep for me, but I am curious to 
know just what would happen.” 

The chief looked at the sketch again 
and pondered deeply. “Well,” he said, 
“there is something queer about that after 
all. That 1o0o feet of water trying to go 
down the pipe would certainly give an 
almost perfect vacuum in the neck of 
the siphon ;” and he pondered some more. 
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Finally, after applying a fresh match to 
one of the salesman’s deceptive-looking 
cigars, he said: “I think I have it. You 
see, water will boil in a perfect vacuum 
at any temperature down to 34 degrees 


Fahrenheit, so the neck of the siphon 
would become filled with vapor, rising 
from within the liquid in both its 


branches; this would reduce your vacuum 
and the water would begin to drop down 
the tubes, continuing until a point was 
reached where the vacuum would not be 
sufficient to cause ebullition (or boiling), 
when it would remain stationary.” 

The salesman was still scratching his 
head, when the inquisitive mind of 
“Jimmy,” the oiler, who had been stand- 
ing by taking in the whole conversation, 
began to see trouble ahead, and he stepped 
up to the chief saying: “Now, I don’t 


want to ‘butt in,’ and am only looking for 
information 


(Jimmy always was a cir- 





If this pipe be filled with water, 
and then opened simultaneously 
at C and D, what will happen? 
Will it siphon? It is assumed 

that the pipe is strong enough 

to resist collapse. 
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cumspect kid). If what you say is true, 
about water boiling in a vacuum, how is 
it that we can hold such a good one in 
our condenser ?” 

“That’s right, Kid. If you don’t know, 
find out,” replied the chief. “I'll explain 
it for you, but the best way to remember 
such things is to ‘dope’ them out for 
yourself. According to the steam tables, 
water will boil at 32 degrees Fahrenheit, 
in a vacuum of 0.089 of a pound, abso- 
lute pressure, which is a prohibitive vac- 
uum as pertains to a condenser. You 
have in there now, son, a little over 26 
inches, which is as much as you get in 
most plants as a steady thing. That 
would give an absolute pressure of about 
2 pounds per square inch, and a_ boil- 
ing point of nearly 126 pounds Fahren- 
heit. 

“Now, the water in the condenser rarely 
reaches that temperature, owing to the 
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cooling water having a continual circula- 
tion. If such a thing should happen it 
would mean a great deal more work for 
your dry-vacuum pump.” 

This ended the discussion, and _ the 
salesman, after handing the chief another 
of his “El Ropo” cigars, wended his weary 
way, while “Jimmy” went back to his en- 
gine, thinking of the long years ahead of 
him before he could master the knowledge 
this business seemed to need. 

A. V. GALLOGLY. 

Poughkeepsie, N. Y. 





Double Eccentrics 


The Whitehill-Corliss 
Poughkeepsie (N. Y.) Heat, Light and 
Power Company’s plant, reference to 
which is made on page 613 of the March 
30 number, was the first engine’ the 
Whitehill company equipped with the 
two-eccentric idea, and that part of it was 
made under my direction. 


engine at the 


This was ten 
years later than my first use of them. 
W. E. Crane. 
Broadalbin, N. Y. 





Economy of Different Sized 
Engines 





In the issue of 602, 
William E. use of a 
chart, to show the economy of an 8x10 
cngine over one 8x8. There is an old 
saying that figures don’t lie, but I don't 
know about that chart. 

I will not go into lengthly details, for 
anyone interested 


March 30, page 


Snow seeks, by 


figure this out if 
he cares to spend his time on it. I 


can 
as- 
sume that these engines make the same 
number of revolutions per minute. We 
will for sake of illustration, that 
the piston rods are the same diameter, 
114 inches in round figures. The 8&xro 
engine cutting off at one-third stroke, or 
3% inches, uses 517 cubic inches of steam 
at each The 8x8 
engine cutting off at five-eighths stroke, 
or § inches, uses 493 cubic inches of 
Ac- 
cording to Daball, there is a difference 
of 23 cubic inches of space to be filled 
with steam at revolution in favor 
of the 8x8 engine. that these 
engines are running 250 revolutions per 
minute, which, according to my figures, 
would make 5750 cubic inches per minute 
in favor of the 8x8 engine. What this 
would amount to in 300 days, 10 hours per 
In this 
tion of the country we find that it takes 
steam to fill a space in an engine cyl- 
inder, and fuel to make the steam. If 
Mr. me that I am 
in error, I should be pleased to have him 
do so. 


say, 


complete revolution. 


steam at each complete revolution. 


each 
Assume 


day, can be easily figured. sec- 


Snow can convince 


James L. Gute. 
South Egremont, Mass. 





802 
Steam Engine Experiment 


At the artisan school we have been do- 
ing a cranky thing in steam-engine busi- 
ness that may be good, and surely will 
astonish the steam-engine engineers. We 
have at the school a center-crank shaft- 
governed 6x12 engine which is three or 
four times too large for the job. On cold 
days we have to have a lot more steam 
to heat the building than we need for 
power, but on warm days we are not get- 
ting our power economically. We had 
slowed down the engine as much as we 
could and have it govern, and it occurred 
to me to try this experiment: We shifted 
the valve so as to have it take steam only 
at one end of the cylinder when running 
light, but at both ends when starting. 
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cock, we would have no compression to 
stop the noise at that end of the engine. 

When circumstances justify repeating 
this experiment it would seem to be worth 
while. Our coal bill at the end of the 
month will prove results, as so far the 
weather has been about the same. The 
coal is uniform, and the same boy is fire- 
man. 

Joun E. SwEEet. 
Syracuse, N. Y. 





A Power Plant Layout 


The accompanying illustration shows 
the layout of the engine room of a factory. 
There are two engines, one of 85 horse- 
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LAYOUT OF FACTORY ENGINE ROOM 


The only thing now was to see that the 
governor ball could go out far enough to 
cut off the working end and not allow the 
engine to run away when running light. 
The thing is working all right, and the 
boy says he does not have to shovel as 
much coal. One experiment does not 
prove much, and maybe this will inspire 
someone else to try it. 

My notion was that by so doing we 
would cut the initial condensation and 
clearance, two main sources of loss, in the 
middle; and against that the excess of 
work in punching the exhaust steam out 
of the idle end of the cylinder. The first 
thought was to stop off the crank-end part, 
but if we did that, leaving the engine the 
same, water passing the piston might ac- 
cumulate and cause a smashup; or, if we 
took out the packing, or opened the pet 


power, running at 255 revolutions per 


‘minute, the other of 50 horsepower, run- 


ning at 186 revolutions per minute. Both 
are belted to the same jack shaft, running 
at 300 revolutions per minute. The 50- 
horsepower engine may be thrown in or 
out by means of a friction clutch. 

The 85-horsepower engine is sufficient 
to run the factory during the forepart 
of the day, but in the evening, when the 
heavy load comes up, the engine will not 
pull the load, and the 50-horsepower en- 
gine is thrown in by means of the fric- 
tion clutch. The combination of the two 
engines seems to take care of the load all 
right. 

Which engine carries the load. or does 
each take its portion? 

C. L. Witson. 

Louisville, Ky. 
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Gas Bums in Smoke Flue 


— 


One of the boilers in my boiler roon 
persists in burning gas in the front con- 
nection and in the stack. It is a hori 
zontal tubular boiler, 20 inches long an 
60 inches in diameter with 4-inch tubes. 

I have examined it carefully, and see 
that the tubes were properly cleaned, the 
combustion chamber emptied, and all 
holes in the brickwork stopped, still the 
trouble persists, and requires the opening 
of the fire doors to stop it. This occurs 
mostly on quiet days when the draft is 
poor. It done this ever since I 
have been here and, I am told, ever since 
it was installed. Others, of a different 
make but same type, working alongside, 
cause no trouble. 


has 


I have had my men try light and heavy 
firing, but nothing seems to improve the 
condition. Any suggestions as to remedy- 
ing the trouble will be appreciated. 

E. A. ADAMS. 

Lujane, Colo. 





Keying Flywheels 


H. Wiegand gives very good 
points concerning the keying of flywheels 
on shafts, in his letter which appears on 
page 608, of the March 30 issue. It is 
essential that a wheel should fit the shaft 
so that not the slightest lost motion or, 
rather, looseness, exists. 


some 


If the wheel is 
loose, no arrangement of keys will make it 
entirely satisfactory, if the operating con- 
ditions are severe. 

The object of a key is to prevent the 
wheel from turning on the shaft, not 
for the purpose of making it fit the shaft. 
If a wheel properly fits the shaft, the key 
need not fit tightly, top and bottom, but 
should fit snugly and 
“fill the hole,” top and bottom; thus, no 
strain is given the wheel as referred to 
by Mr. Wiegand, yet it will be perfectly 
secure and will never turn, nor will there 
ever be any tendency for the key to work 
out. 

Driving in a key that is fitted top and 
bottom only, simply being a_ sliding fit 
sidewise, would tend to ease the part of 
the bore of the wheel near the keyway, 
from the shaft, and so destroy what was 
at first a good fit. Many a_ propeller 
wheel have I worked upon where after 
the wheel had been fitted on the 
shaft, the key was fitted to drive nearly all 
the way—tight sidewise—until it 
“filled the hole,” top and bottom, without 
putting any undue stress upon the hub 
of the wheel. The key could not get 
out, even though it should ever get loose, 
which if properly fitted is not possible to 
happen. 


sidewise, simply 


taper 


just 


Cuaries J. Mason. 
Scranton, Penn. 
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Probable Cause of Air Compressor 


Explosions 


in a recent issue Mr. Richards took ex- 
ception to the suggestion that leaky dis- 
charge valves may cause very hot air to 
be discharged from the compressor, the 
argument being that the re-expansion of 
the air leaking back will cause it to be 
cooled again. 

In practice it has been found that free 
expansion of air does not cause the air to 
be cooled anywhere near the theoreti- 
cal temperature, or the temperature ob- 
tained when this expansion takes place in 
a working cylinder. A leaky valve would 
not be like a specially designed nozzle, by 
any means. There would be considerable 
friction which would have quite an influ- 
ence upon the temperature of the leaking 
air. Perhaps Mr, Richards has noticed 
a small pipe will get hot when cold air is 
blown through it at a very high rate. 

As to 5 per cent. being a large amount 
of leakage, that would depend upon the 
type of compressor. I think 5 per cent. 
would be easily exceeded when a valve 
or two “go bad.” I have heard of cases 
where the leakage was enough to be 
noticeable in the amount of opening which 
the suction valves were operating with. 

F. W. HoLttMANN. 

Baltimore, Md. 





Improve the Diagrams 


In answer to Linden A. Cole, I would 
say that the admission lines in the high- 
pressure diagram are good, yet if the 
crank end took steam a little earlier, it 
may rid the diagrams of the round 
corners. The expansion line in each case 
is fair, but the exhaust valve is slow in 
opening. The expansion line of the head- 
end diagram indicates leakage of steam 
through the admission valve; the cutoff 
is also unequal, the head end doing the 
more work. 

In the low-pressure diagrams the steam 
lines are poor, as the piston travels some 
distance before full pressure is shown. 
The cutoff here is also unequal, the crank 
end doing most work. The steam valves 
probably leak, as shown by the expansion 
lines. The exhaust valve in the crank end 
starts to close before the head-end valve, 
but less compression is shown, which is 
probably due to a leak. 

The boiler pressure is 150 pounds and 
the scale of spring for the high-pressure 
is 80, yet the steam line is only 1% inches 
above the atmospheric line, denoting a 
Pressure in the cylinder of 90 pounds. 
What became of the other 60 pounds? 
Scaling the diagram, we have about 10 
pounds back pressure, but how about the 
receiver pressure of 15 pounds? Is the 
steam throttled or passed through a re- 
ducing valve between the boiler and 
engine ? 

E. G. Happrx. 

Burlington, Ta. 
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Two Commutator Devices 





The accompanying sketches are of two 
appliances that I have used quite a while 
and found very useful. In Fig. 1 is shown 
a commutator clamp. It is very often 
necessary to take out the end rings of a 
commutator on account of internal 
grounds, and by having a clamp that will 
hold the segments firmly, and perfectly 
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FIG. I 


round, it becomes an easy matter and also 
saves turning up in a lathe. I have tried 
numerous kinds, but the trouble with 
them led me to make the one herein de- 
scribed. It is made of 2x'%-inch sheet 
steel, with a 43-inch screw. The drawing 
clearly shows the adjustable fastening. 
The notches fit around rivets on one side 
of each fastening, which can be moved by 
removing the two cotters. The clamp is 
made loose or taut by screwing the bolt 
in the nut. 

A sandpaper holder for commutators is 
shown in Fig. 2. The sandpaper is made 
fast on top by a clamp and screw. The 
two face blocks are pivoted and adjust 





FIG. 2 


themselves to the commutator, and will 
fit any size of commutator. If it has four 
brushes the lower block will go in be- 
tween the brushholders. It always keeps 
the commutator level and smooth, and is 
absolutely indispensable around an elec- 
trical shop. The one I have been using 
has 2x2%4-inch face blocks. 
W. I. Crawrorp. 
St. Louis, Mo. 
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Hygrometry 





In the issue of February 16, page 337, 
J. French, in a not very gentle manner, 
gets after the writer's contribution in 
January. Mr. French’s suggestion has 
referred to a handbook dealing with steam 
problems, written by a well known Ameri- 
can and strangely enough, perhaps, finds 
his views confirmed, by at any rate one 
authority. 

The book referred to is “Condensers,” 
written by F. R. Low, and the confirma- 
tion mentioned is found at the top of 
page 18. The writer is fully aware of the 
rather general definition given in the ma- 
jority of steam handbooks, but at the 
same time would suggest that this, as also 
Mr. French’s attempt, is somewhat am- 
biguous. Even now, Mr. French does not 
explain, at any rate to the writer's satis- 
faction, what he conceives to be the mean- 
ing of the term saturated steam. 

He says “when steam is thus in equili- 
brium in contact with water it is said to 
be saturated.” “Saturated,” perhaps, but 
saturated generally speaking indicates full 
up, or say normally loaded; ie., if we 
place a piece of cloth in a basin of water 
for a certain time and then withdraw it, 
it will be found to be holding a certain 
amount of the water in suspension be- 
tween the particles of which the cloth is 
composed. 

If asked the condition of the cloth, the 
writer believes the general answer would 
be to the effect that the cloth was satur- 
ated, in cther words filled 


with water. 


Mr. French says the steam generated in 
contact with the water of generation is 
saturated, but he does not say what this 
If the vapor or 


steam is saturated with. 





steam contains water, it is clearly not all 
steam, as steam is practically a gas. 
Furthermore, it may be supposed that if 
heat is added, the water in suspension in 
the vapor will be evaporated, ultimately 
giving us all steam, which the writer in- 
fers Mr. French would call “dry and 
saturated steam.” 

Here again, be it noted, the expression 
“saturated steam” still appears, although 
all moisture has disappeared, but no indi- 
cation is given as to what the steam or 
vapor is saturated with. Still farther, if 
we allowed all the water in the boiler to 
be evaporated we would obtain a boiler 
full of steam or vapor, and as there is 
now no water in contact with the steam 
it would he of interest to learn what kind 
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of steam Mr. French would call it. The 
latter condition approaches somewhat to 
that existing in a steam pipe remote from 
a boiler, generally superheated steam, 
inasmuch as we may suppose the radia- 
tion losses sufficiently great to cause the 
steam to lose all its vapor, or extra heat, 
above that normal to saturated steam of a 
given pressure, and then we have the con- 
dition as suggested by the writer of steam 
just saturated with heat units. Any fur- 
ther loss of heat would mean that the 
steam would not be saturated with heat 
and that it would contain less heat than 
the quantity as given in the steam table 
for any given pressure. Moisture would 
then appear, but the steam would not be 
saturated with water or moisture until a 
much greater heat loss was made, so what 
is it saturated with? 

The writer is quite aware that this is 
not, strictly speaking, a practical point, 
but is really a theoretical one, and there- 
fore most important that it be thoroughly 
understood. 

W. VINCENT TREEBY. 

London, England. 





Making Improvements in a Small 
Power Plant 





A certain power plant consisted of a 
100-horsepower horizontal tubular boiler, 
a feed pump, a closed feed-water heater 
and a 50-horsepower high-speed engine 
for driving a dynamo for electric lighting 
and a line shaft for power. 

In the dyehouse proper were eleven 
wooden tanks, 10 feet long, 4 feet wide 
and 4 ‘feet deep, each filled with about 
1000 gallons of water, heated by live 
steam. There were also two dyehouses 
containing coils of I-inch iron pipe, using 
live steam at 80 pounds boiler pressure. 

Exhaust steam could not be used di- 
rectly in the tanks, on account of the 
cylinder oil which it contained, the slight- 
est amount of which would spoil the dye- 
stuffs. Neither could a steam coil be put 
in the bottom, as the steam had to boil 
the water thoroughly to dissolve the dyes 
and chemicals used. The best plan seemed 
to be to heat the water before putting it 
inthe tanks. The feed-water heater was 
too small to supply both the boiler and 
tanks with hot water. Two of the eleven 
tanks were seldom used, however, so they 
were raised about 10 feet above the others, 
on suitable supports and coils of pipe set 
in one of them in a horizontal position. 
After making connection with the ex- 
haust line, after leaving the feed-water 
heater, exhaust steam was turned into the 
coils and the water was quickly brought 
to a high temperature. A valve and float 
regulated the cold-water inlet. 

The tanks were connected so that when 
the first, in which the cold water entered, 
was about two-thirds full, it overflowed 
into the second, from which a connection 
was made about 1 foot from the bottom 
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for filling the dye tanks. The object in 
connecting the tanks this way was to keep 
one always filled with boiling water, and 
kept boiling by a steam coil placed in the 
bottom, while the other was filling with 
cold water. After these changes were 
made it was necessary only to use live 
steam for from 5 to Io minutes to boil 
the dyes, instead of from 34% to 1% hours, 
as before, and not only was the live steam 
saved, but also the time, which in a day’s 
run amounted to considerable. 

The next thing to get at was the dye- 
house, where there was an enormous 
waste of steam. Instead of connecting 
the coils to a good steam trap, and re- 
turning the condensation to the boiler, a 
1-inch valve was screwed on the end of 
the coils, and as this valve was usually 
kept about one-half open, an enormous 
amount of steam and water was continu- 
blown out and wasted. I had 
noticed that when the water was used 
freely, the temperature often went down 
to 150 degrees, and even lower, and more 
live steam had to be used, while at other 
times the temperature was usually about 
200 degrees. 

Another steam coil was put into the 
second or storage tank, laid flat about 6 
inches from the bottom, and the steam 
and water from the dyehouse coils passed 
through it, and after passing through a 
steam trap the water was discharged into 
the cold-water tank supplying the boiler- 
feed pump. After putting in this coil the 
temperature of the water in the storage 
tank was always from 210 to 212 degrees. 
When the tanks were working at their 
capacity there was no sign of any ex- 
haust steam escaping, only a continuous 
stream of water running from the drain 
pipe to the sewer. 

To force the exhaust through the coils 
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a back-pressure valve was made and 
weighted to about two pounds. This 
valve was about the simplest thing 


imaginable, and consisted merely of a 
round piece of cast iron, about ™% inch 
thick, and large enough to cover the ex- 
haust pipe. It was covered on the bottom 
with a piece of sheet lead riveted on to 
form a seat on the end of the exhaust 
pipe, which was filed off flat and even. 
The valve was hinged to an iron clamp 
around the pipe, and a small chain run- 
ning down to the engine room with a 
weight attached. On the hinged side, the 
iron clamp was turned upward so that 
when the exhaust steam opened it wide 
open it could not fall completely back, 
but rested against this upward projection, 
and could always be closed again from 
below. 

Before these changes were made the 
amount of coal used per week was 12 
tons, and after the change eight tons, or 
a difference of four tons per week, which 
at $2 per ton, the price at that time, made 
a saving of $8 per week, just one-half the 
engineer’s salary. 

Although this saving may seem small, 
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it must not be forgotten that this was a 
very small plant. The total cost of mak- 
ing these changes including pipe, valves, 
fittings and labor, was $100. In three 
months it had paid for itself, and the sav- 
ing in one year was $416. 
A. J. SHap. 
Cincinnati, O. 


Trouble with a Dynamo 


If Mr. Baker will take a piece of clea: 
cloth, wipe his commutator, and rub a wax 
candle on the commutator two or thre 
times a day it may help him to overcon: 
his trouble with sparking. 

WiuiaMm F. Taytor. 

Frankfort, Penn. 


Knock in the Engine 


In a recent number, Mr. Bryan tells of 
a pound in his engine. I should say that 
the pounding was caused by water in the 
cylinder. I suggest that if he has no 
steam trap in his header line he put one in. 
Also give his engine time thoroughly to 
work the water out of the cylinder. 

H. R. WILLIAMs. 














Chanute, Kan. 


Will the Load on the Bolts 
Change? 








I should like to ask Mr. Fischer who, 
in the May 4 number submits an answer 
to Mr. Glick’s cylinder-head bolt problem 
in the issue of March 30, page 609, how a 
bolt can be extended without an increase 
of the tension in it. What stretches the 
bolt except an increase of tension? And 
if the bolt stretches enough to relieve the 
pressure on the cylinder flange or the 
gasket a given amount, is it not only by 
the imposition of an equivalent force pro- 
ducing tension and consequently stretch 
in the bolt? 

JULIAN RALPH. 

Easton, Penn. 


Centrifugal Pumps 


In the March 16 number there was 
another article on centrifugal pumps, by 
George B. Pearce. He does not seem to 
have decided one way or the other, as to 
whether the pump requires more or less 
power with the discharge valve closed. 

I am operating three 12-inch motor- 
driven centrifugal pumps, which will lift 
watér 20 feet after they are primed. If 
I close the discharge valve the motor re- 
quires only 30 amperes, while with the 
discharge valve wide open 45 amperes is 
required, a third more than when it is 
closed. We operate the pump with the 
discharge valve closed so as to give 40 
amperes on the motor, which furnishes 
all the water we require for the con- 
denser under any load. 

J. G. Dunnincto» 

South Oil City, Penn. 
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Some Useful Lessons of Limewater 


A Test for Water; Importance of Marsh Gas as Related to the Chemistry 
of Carbon; Table of Carbon Compounds; What Carbon Monoxide Is 
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We will go right on with the study of 
carbon and its compounds; but right 
here I will mention a test for water which 
will be very convenient to know and to 
use. Get an ounce or two of common 
“blue vitriol,” or sulphate of copper 
(CuSO.+ 5H:O). You will note that the 
formula is C-u-SQ,, plus five molecules of 
water. By the way, “Cu” is the chemical 
abbreviation for the Latin word cuprum 
for copper. This water, which is always 
found in blue vitriol, seems to be a part of 
the crystallized form, for the blue crystals 
always take up five molecules of water for 
one molecule of the copper sulphate they 
contain. If you powder an ounce or so 
of this blue vitriol and then put it in a 
saucer and heat it, stirring it now and 
then, it will lose most of this water at a 
temperature a little above 212 degrees 
Fahrenheit, that is, on the common 
thermometer. On the Centigrade scale, 
which is used by nearly all working chem- 
ists, this temperature, that is, the tem- 
perature of boiling water, is 100 degrees 
Centigrade. 

Now, if you heat the powdered blue 
vitriol, carefully, a little above this tem- 
perature, it will lose most of the water 
and will change from a bluish powder to 
a light gray, almost white. This is 
“anhydrous,” that is water free, or almost 
so, for it still contains a little water. Do 
not heat it too high; for, if you do, the 
white anhydrous copper sulphate will de- 
compose still farther and will be useless 
for the test for water. Now take a knife- 
pointful of the white or grayish anhydrous 
copper sulphate and lay it in a clean 
saucer, afterward touching it with a drop 
of water, when it will at once become 
blue. Of course, you can see that when 
water is added to the anhydrous copper 
sulphate it takes up the water again 
which it lost on heating, and passes back 
to the hydrous or blue form of copper 
sulphate, that is blue vitriol; and so this 
adding of a mere trace of water to the 
white anhydrous copper sulphate, whereby 
it becomes blue, makes a very delicate 
test for the common substance, water. 

This anhydrous copper sulphate can be 
used for testing not only large quantities 
of water, but also, if one is careful, for 
the merest trace. Thus, we mentioned in 
one of the previous lessons that the 
steamy layer formed at the bottom of 
the inside of a lamp chimney when the 
lamp is first lighted and when the lamp 
chimney is cold is water, and this can be 
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proved by taking the lamp chimney off 
the lighted lamp while the chimney is 
still cold and dusting a little of the white 
anhydrous copper sulphate onto the steamy 
layer on the inside lower part of the 
chimney, when one can get a faint but 
distinct bluish or greenish-blue tint, due 
to the presence of water. Your common 
sense will teach you how to use this test 
in dozens of cases as we go on, and ‘it 
will be very handy to test the appearance 
of water as it presents itself now and 
then, without depending alone on the 
statement that it is water. You want to 
be sure and get this blue vitriol or sul- 
phate of copper; do not confound it with 
green vitriol, the sulphate of iron, nor 
with white vitriol, the sulphate of zinc. 


THe IMPORTANCE OF MArSH GAS 


The next point in the chemistry of car- 
bon which we will consider is the import- 
ance of methane or marsh gas. This is 
the most important hydrocarbon-of all 
the many hundreds of compounds of car- 
bon and hydrogen. Theoretically in all 
cases, and practically in many cases, the 
other hydrocarbons can be obtained, di- 
rectly or indirectly, from marsh gas. 
Therefore, if one can obtain marsh gas 
he can go, by various chemical changes, to 
any of the other compounds of carbon. 
Now this is a very remarkable fact; it 
means that if one can obtain marsh gas, 
he is practically in command of the whole 
chemistry of carbon; if one can obtain 
marsh gas, he has practically at his com- 
mand all the compounds of carbon, and 
that means most of the thousands of 
compounds in organic chemistry. It is 
interesting to know that this substance, 
marsh gas, is found not only in natural 
gas and gas from wood, but it can also 
be made artificially from purely inorganic 
sources. Among the many interesting 
compounds which the late French chemist, 
the great Moissan, produced by means of 
the electric furnace is a carbide of alumi- 
num, ALCs. This aluminum carbide is a 
gray or dark-bronze powder, and is de- 
composed with water, giving off marsh 
gas and leaving behind aluminum hy- 
droxide, according to the equation: 


Aluminum Water Aluminum Me- 
Carbide = Hydroxide thane 
Al,C, 12H,0 4 Al(OH), 8 CH, 


It is not necessary for you to memor- 
ize this equation, but it will be a good 
thing for you to remember that marsh 
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gas can be obtained by the action of 
water on aluminum carbide, a product of 
the electric furnace. 

Now, the point at which we are aiming 
is this: Marsh gas is fundamental to and 
typical of the organic compounds; and 
the organic compounds are found very 
commonly in the living tissues of plants 
and animals. Consequently, some have 
argued—perhaps rather hastily—that if 
marsh gas and the organic compounds 
can be made artificially from inorganic 
sources, living organisms, like plants and 
animals, can be made artificially from in- 
organic compounds without the  go- 
between of any living egg or living tis- 
sue to help the process. This may be 
true, but you want to notice that it is no 
proof that chemists could make living 
plants or animals just because they can 
make methane and many other thousands 
of organic compounds from inorganic 
sources. 

Chemical action is one thing, and the 
life process (which makes plants and ani- 
mals, although it uses chemical action) 
may be quite a different thing. My own 
opinion is that the life process uses chemi- 
cal action and is largely controlled by it; 
and yet the life process is something en- 
tirely distinct from and, in a large sense, 
superior to chemical action. But this is 
only my opinion, and the opinions of 
others who may differ from me in this 
respect are certainly worthy of considera- 
tion. The trouble is that at the present 
time we have little knowledge of the real 
nature of chemical affinity, and still less 
of the nature of the life process as found 
in living plants and animals, and it is 
really rather premature for anyone to 
have a very strong opinion on either side 
of this much-discussed subject. Indeed, 
it is much safer to hold all such ques- 
tions in your mind in what is called 
“suspended judgment.” Only, whenever 
these questions do come up one wants to 
remember that marsh gas itself, and from 
this many thousands of organic com- 
pounds which are found in connection 
with living plants and animals, can be 
made artificially from inorganic sources; 
but notice that though we can make the 
substances, we have not yet been able 
really to make the living process. This 
also is one of the things over which you 
may like to ponder now and then. 


THe Carson COMPOUNDS 


Just here I want to ask your patience 
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for a few minutes while we study to- 
gether the accompanying remarkable 
table of some carbon compounds. It will 
look to you at first like a long, stupid and 
blind affair; but if you will note a few 
things about it—I should not think of 
asking you to memorize it—it will give 
you some very clear notions regarding the 
simple relations between hundreds and 
thousands of compounds. Thus, you will 
notice that, in the first column of this 
table are given the hydrocarbons of the 
marsh-gas series: and you will notice that 
the constant difference between any hydro- 
carbon and the next higher is measured 
by two atoms of hydrogen and one atom 
of carbon, or “CH”; that is, starting with 
methane, CH,, if you add “CH:” you will 
get the next higher hydrocarbon, C.Hs, or 
ethane; and so on. Now the next column 
of the table gives the first oxidized form 
of the hydrocarbon, that is, the “alcohol” ; 
and so corresponding to methane we have 
methyl alcohol; and corresponding to 
ethane we have ethyl alcohol; and so on. 
You will also note that between any two 
cf these alcohols we have the same 
numerical difference, “CH,” that is, one 
atom of carbon and two atoms of hydro- 
gen, that we had between any two of the 


POWER AND THE ENGINEER. 


we find in order from reduced extreme to 
oxidized extreme (that is, as far as this 
oxidation goes) the hydrocarbon, the 
alcohol, the aldehyde and the acid. 

It is not my intention to frighten you 
by loading this table on your memory; 
but merely to call your attention to the 
wonderful simplicity in the apparent com- 
plexity of the table; and also to the won- 
derful completeness of the table. If there 
were any simpler way by which I could 
give you a notion of the wonderful variety 
and completeness of the carbon com- 
pounds, I would gladly do it; but a little 
attention to this table will not hurt one, 
especially as we want to use the substance 
of this table in explaining the chemistry 
of many compounds of carbon. 

In the first place, a little close attention 
and a little close thinking are good for 
all of us, because they help to make “gray 
matter ;” and in the next place, when we 
try to explain the chemistry of such things 
as wood, paper, cotton fiber, starch, dex- 
trine, sugar, etc., it will be very helpful 
to know that all of these things just men- 
tioned are very close cousins to one an- 
other, and that they are all only so many 
complicated alcohols, and in some cases 
aldehydes (or ketones—pronounced key- 
































REDUCED. TABLE OF SOME CARBON COMPOUNDS. OXIDIZED 
PARAFFIN 
HypROCARBONS. ALCOHOLS. ALDEHYDES. AcIpbs. 
Methane, CH,. Methyl Alcohol, CH,OH. -H CHO Formic. H CO.H. 
Ethane, C,H,. Ethyl Alcohol, C,H,OH. CH,CHO Acetic. CH,CO,H. 
Propane, C.,H,. Propyl Alcohol, C OH. C,H,CHO Propionic. C,H,CO,H. 
Butane, C,H,.. | Butyl Alcohol, C,H,OH. C;H-CHO Butyric. C,H;CO,H. 
Pentane, C-H,, | Pentyl or Amyl Alcohol. C,H,,0H. C,H,CHO. Valeric. C,H,CO,H. 
Hexane, ©,H,,. Hexyl Alcohol, C,H,,OH. C,H,,CHO. Hexoic. C,H, ,CO,H. 
And so on. And so on, And so on. 
hydrocarbons. Thus, if you add this con- tones—which are closely related to the 


stant difference, “CH.” to methyl alcohol, 
CH;OH, you get the next higher alcohol, 
ethyl alcchol, which has the formula, 
C:H;sOH ; and so on through the list. 

Now, be patient a few moments because 
the rest of the table will clear itself up 
just as easily as this part has done. You 
will note that the next column of the 
table, representing the next oxidation 
stage from the alcohols, is the “alde- 
hydes” (put the accent on the first syllable. 
thus, a/-de-hydes). You will note that 
although each hydrocarbon and each alco- 
hol has its corresponding aldehyde, yet 
these aldehydes are named in anticipation 
of the compounds of the fourth column, 
or the acids. You will also note that be- 
tween any two of the aldehydes, there is 
this same numerical difference, “CH:,” 
which we found in the hydrocarbon and 
alcohol columns. Thus, corresponding to 
methyl alcohol we find formic aldehyde; 
and corresponding to ethyl alcohol we find 
acetic aldehyde; and so on. The fourth, 
and last column, of this table represents 
the: corresponding acids, and between the 
formulas of any two successive acids you 
will note there is this same numerical 
difference, “CH2.” 

Reviewing briefly the last paragraph, 


aldehydes). 

One can read of hard times or of good 
times, but these remarks do not mean 
much unless one himself has seen and 
lived through some hard times and some 
good times. One can talk flippantly of 
working 10 or 12 hours a day, or of walk- 
ing 40 or 50 miles in a day; but one does 
not really appreciate what that means un- 
less he has himself done some of these 
things. So when we read that, of all the 
elements, carbon is vastly superior in the 
number, the variety, the completeness and 
the simplicity of these compounds and 
these series of compounds—if one reads 
all this without studying a little over such 
a simple table as that just given, of the 
hydrocarbons with their alcohols, alde- 
hydes and acids—he cannot understand 
easily just what is meant; but with the 
help of this series of hydrocarbons, with 
their alcohols, aldehydes and acids, one 
can get a clear mental picture of some- 
thing of what is meant by this. 

Of course, each of these hydrocarbons, 
or alcohcls, or aldehydes, or acids, is a 
definite substance; each of these may be 
a gas, or it may be a volatile liquid; it 
may be a heavier nonvolatile liquid, or 
it may be a solid; but each compound, 
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represented by each formula, represents 
a distinct substance, worthy of study and 
attention ; and all of these substances have 
had much attention from chemists. 

Among the higher compounds in this 
table there are severai varieties, caused 
apparently by the fact that the atoms, as 
they increase in number, can arrange 
themselves in different ways; and the one 
fact which seems to come out is that 
among the higher compounds, the back- 
bone of the molecule is made up of a 
chain of the carbon atoms, and_ these 
chains may be straight or branching, and 
so on. Take the column of acids, for 
instance. Every acid can form a salt with 
every base; and so, if lime is a base, then 
lime can neutralize formic acid, making 
calcium formate; and, similarly, lime can 
neutralize acetic acid, forming calcium 
acetate; likewise, calcium  proprionate 
from pripionic, calcium butyrate from 
butyric acid (the acid characteristic of 
butter) and valeric acid, forming calcium 
valerate; and so on. Furthermore, if 
sodium, potassium, ammonium (NH, the 
hypothetical but really make-believe imita- 
tion of sodium and-potassium found in 
ammonia compounds), if iron, zinc, copper, 
lead, barium, strontium, silver, aluminum, 
magnesium, etc., if these metals all make 
basic compounds, then any one of them 
can neutralize any one of the acids men- 
tioned in the table, forming the appropri- 
ate salts; and there you have an illustra- 
tion, both of the wonderful richness of 
the chemistry of carbon, and also of the 
danger in this richness. 

But we will not get lost in this table; 
simply, we will use the table as an illus- 
tration of the marvelous completeness of 
the oxidation products of the alcohols, 
aldehydes and acids going out from each 
hydrocarbon. I am afraid that some of 
the readers will want to skip this table 
and this chapter; but do not do that; treat 
it honestly and fairly, and take comfort 
from the fact that no other element can 
put up such a number and variety of com- 
pounds as carbon does. I do not hold 
myself responsible for the chemistry of 
carbon; Mother Nature made it, and she 
gives you and me the chance to study it. 
If a few hard things come up now and 
then, it may be worth our while to tackle 
each one in order and do the best that we 
can with each subject as it comes along. 

There is one other point here that | 
want to mention and that is the way in 
which some of the formulas are written. 
Look at the formula for formic acid, 
HCO:H. Now, there are two hydrogens 
in formic acid, and they are entirely dif 
ferent from each other. One atom of 
hydrogen is open and active; if we should 
treat formic acid with zine you could driv: 
off this hydrogen and collect it, just as 
vou did the hydrogen that you got from 
hydrochloric acid and zinc, or sulphuric 
acid and zinc. But the other hydrogen 1" 
formic acid is of a different kind from 
that which can be driven off by zine. Th 
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other hydrogen is hidden away behind 
the carbon and shows little affinity ; conse- 
quently, it is a kind of latent or “paraffin” 
hydrogen. This subject cannot be dis- 
cussed fully at this time; but this hint is 
enough to show that in the study of these 
compounds of carbon there are many new 
and peculiar points arising which do not 
come up in the study of the other ele- 
ments. 


CARBON MONOXIDE 


The next substance to study is carbon 
monoxide. You want to go back and read 
the last paper and note where carbon 
monoxide lies in the table of carbon com- 
pounds given in that lesson. You will see 
that it lies between carbon on the one 
hand and carbon dioxide on the other, and 
you will see that it is also related to 
formic acid in the same way that carbon 
dioxide is related to carbonic acid. This 
carbon monoxide can be obtained from 
formic acid, and yet, although it is the 
anhydride of formic acid, it does not 
readily make formic acid. will 


So we 
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off and the air blast is turned on again 
until the coal is again hot, when the steam 
is turned on to make water gas (consist- 
ing mainly of carbon monoxide and hy- 
drogen), and so on. Of course, this old 
process of making water gas is a very 
wasteful process on the one hand, and yet 
a very cheap process on the other; there 
are modifications and improvements of 
this which you will find in some modern 
gas plants; but, on the whole, the pre- 
ceding description will apply fairly well to 
the processes used in many, perhaps most, 
of the city plants. 

Now, this process of making city gas, 
or water gas, from steam and hot coal, re- 
sults in a mixture running perhaps 35 per 
cent., perhaps 40 per cent., in both hydro- 
gen and carbon monoxide. The mixture 
makes a very hot gas, but one which burns 
with an almost colorless flame. There- 
fore, it does not make a good illuminating 
gas when burned alone (unless it is used 
with something like the common Wels- 
bach mantles). Therefore, this water gas 
is “enriched” with a few per cent. of some 











MAKING CARBON MONOXIDE 

drop the theoretical relation of carbon 
monoxide to formic acid and will study 
it simply as itself. It has been mentioned 
already that this carbon monoxide is 
found in common city gas, “water gas,” 
so-called, because it is obtained by blow- 
ing water in the form of steam on glow- 
ing coal, according to the reaction: 


re 


If you go through the modern gas plant 
where this water gas is made, you will 
see a furnace filled with coal, usually hard 
coal, which is blown up hot by a blast of 
air. The gas formed during this process 
of getting the coal hot is waste gas, con- 
sisting largely of carbon dioxide, and is 
thrown off into the air. When the coal is 
hlown hot, the air blast is shut off, the 
team blast is turned on and the action 
f the steam on the glowing coal results 
in producing a mixture consisting mainly 
f hydrogen and carbon monoxide. But 
in two or three minutes this action begins 
to chill the coal; the steam is then shut 


Coal Hydro- 


Carbon 


+ Water 
= — 


Oo 4+ #0 
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hydrocarbon which will give it illuminat- 
ing properties. There is one important 
fact which you want to note about this 
water gas and that is that carbon monox- 
ide is a very poisonous gas to breathe. 
The old-fashioned coal gas contained only 
5 or 10 per cent. of this carbon monoxide ; 
but the modern city gas, consisting mainly, 
as it does, of enriched water gas, will 
usually contain from 30 to 40 per cent. of 
carbon monoxide. Consequently, an ex- 
posure to the old-fashioned city gas, with 
its 5 or 10 per cent. of carbon monoxide, 
was not nearly as dangerous as an ex- 
posure, and a short one, to the modern 
city water gas. 

An exposure of 10 to 20 minutes to the 
modern water gas, especially in a small 
closed room, is liable to prove fatal. The 
reason for that this carbon 
monoxide has a very strong affinity for 
the coloring matter, hemoglobin, in the 
red corpuscles of the blood. The red 
corpuscles of the blood are the miniature 
floating liquid-gas bags which carry the 
oxygen of the blood to all parts of the 
body; a poisoning by the carbon monoxide 
of city water gas means a chemical suffo- 
cation of the red-blood corpuscles. Suffo- 
cation from carbon dioxide or carbonic- 
acid gas is a different thing; but suffoca- 
tion from the carbon monoxide is danger- 


this is 


897 


ous, because it is so quick and so hard to 
overcome. Theoretically, considering the 
absentmindedness of human nature, it 
might be a good rule to follow never to 
let the pipes of city water gas come into. 
a sleeping room, but to use electricity or 
common kerosene lamps instead. Of 
course, such a rule would be difficult to 
enforce; however, it suggests at least a 
word of caution in view of the great dan- 
ger to which thousands of us may be ex- 
posed even in our homes. This carbon 
monoxide, moreover, although a_ very 
poisonous gas, has a very feeble odor; 
but it happens that the hydrocarbons. 
which are used to “enrich” the bare water 
gas contain sulphur compounds which 
have a very strong and penetrating odor, 
and this very enrichment of water gas be- 
comes a factor of safety in warning us 
of any leaks in the gas pipes or 
cocks. 


stop 


Before we leave the subject of carbon 
monoxide you will like to make a little of 
it, using the simple apparatus illustrated 
in the accompanying illustration. This 
consists of a flask, provided with a cork, 
a delivery tube and the pneumatic trough. 
The flask contains an ounce or two of 
common oxalic acid mixed with 
sulphuric acid. 
shown. 


strong 
These two are heated, as 
The mixed gases pass over to 
the pneumatic trough, which in this case 
is not filled with common water, but both 
the pneumatic trough and the inverted jar 
for the collection of the carbon monoxide 
are filled with milk of lime. The gas com- 
ing off from the generating flask (con- 
taining the oxalic acid and sulphuric acid) 
is a mixture of carbon monoxide and car- 
bon dioxide; and the milk of lime will 
absorb most of the carbon dioxide, leaving 
the carbon monoxide in the fruit jar. 

Keep the milk of lime well stirred up so 
there will be plenty of material to absorb 
the carbon dioxide. You will want to col- 
lect several jars of this carbon monoxide, 
which you will test very much in the same 
way that you did the hydrogen and the 
marsh gas, for it is gas, 
burning with a blue flame. In removing 
the fruit jars from the pneumatic trough, 
after they are filled with the carbon 
monoxide, it doesn’t matter very much 
whether you leave the jars, with their 
pasteboard cover, mouth downward or 
mouth upward, because the carbon-mon- 
oxide gas is about as heavy as the atmos- 
phere. You will notice that it burns with 
a blue flame, and that the lighted splinter, 
which is used to ignite it, is itself put out 
in the gas, while the gas itself is burning 
at the mouth of the jar in the surround- 
ing air. The equation for the production 
of the carbon monoxide by the decom- 
posing action of the sulphuric acid on the 
oxalic acid is as follows: 


a combustible 


H.89, H.C,0, H,80,. H,0 
Sulphuric } + Oxalic = Dilute + 
Acid Acid Sulphuric Acid 
cutaen +f Pa 

Monoxide Dioxide 
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POWER AND THE ENGINEER. 
The Engineer in the Navy 


Rear-Admiral Melville, in his address 
to the American Society of Mechanical 
Engineers, at the Washington meeting, 
conveyed very decidedly the impression 
that the engineer in the navy had not 
profited as much as was expected by the 
consolidation of the line and the staff. 
“The only justification,” he said, “for the 
personnel law adopted ten vears ago was 
the statement made by former President 
Roosevelt that ‘on a modern war vessel 
every officer has to be an engineer;’” and 
yet the admiral in command of the fleet 
on its recent cruise had boasted that he 
had brought the fleet to San Francisco 
without a single engineer aboard. In true 
concordance with the spirit of the 
personnel act he would have said that he 
got the fleet there as he did because every 
officer on board was an engineer. If 
present tendencies are followed the real 
engineering of the navy will be left to a 
class of warrant machinists, insufficiently 
paid and without official recognition or 
prestige. 

There should be no conflict between the 
line and the engineering staff, neither 
should there be any attempt to merge the 
gne into the other. There must always be 
the courtly authoritative executive officer 
skilled in tactics, and in diplomatic usages, 
fitted becomingly to represent his Govern- 
ment in any position in which he may 
be placed; fitted, should occasion re- 
quire, to fight his vessel or his fleet with 
all the grim and determined purpose for 
which it has been constructed and main- 
tained and drilled and manceuvered 
through years of peace. There must al- 
ways be the man who represents the 
muscle of the organization, who wins his 
laurels at the designer’s board in the con- 
struction shops and among the mechanism 
which makes the fleet an effective in- 
strument in the commander’s hands. The 
world is learning the worth of the latter 
class. The term, “engineer,” is becoming 
to mean something more, as_ Professor 
Hutton aptly put it, than a greasy individ- 
ual with a bunch of waste in one hand 
and an oil can in the other, and when 
honors come to be divided the man who 
builds and engines ships and is responsible 
for the design and operation of their motive 
power will receive as much credit for a 
successful cruise as the man who walks 
the quarter deck and classes him with 
the man who peels the potatoes. 

In this connection it is interesting to 
reread an editorial which appeared in 
Power for December, 1897: 

A conference has been held by a 
board consisting of seven line officers 
and four engineer officers, presided 
over by Assistant Secretary of the 
Navy Roosevelt, to endeavor to con- 
ciliate the differences which have ex- 

isted for years between the engineer 
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corps and the line. From the public 
reports of their conclusions, they ap- 
pear to have sacrificed the efficiency 
of the service to peace and goodfel- 
lowship in the ward room. The line 
has taken the engineer corps unto 
itself. The engineer officers will 
hereafter, if the plan carries, be re- 
quired to do line duty, and will ac- 
quire the long-coveted actual rank 
and title. The line officers will also 
be required to do engineering duty 
to the end that every officer upon the 
ship may be able to serve either upon 
the bridge or in the engine room. In 
order that the engineering duties may 
not be too onerous for this hermaph- 
rodite functionary, it is proposed that 
the “machinists” who are enlisted men 
“shall have more to do with running 
the engines.” This seems to be a case 
of the lion lying down with the lamb 
—inside of him. The line has al- 
ways maintained that the actual care 
and operation of the engines required 
only practical mechanics, and_ that 
they could do what “bossing” was 
needed. 

“Success lies in limitation.” Ef- 
ficiency comes from specialization. 
Perry and Farragut labored and 
shone in an altogether different field 
from Ericsson and Isherwood. The 
engineering of a man of war is a 
department of itself. It should be 
made to include and control the care 
and operation of all the machinery in 
the vessel. No possible excuse can 
be offered for making a distinction, 
for instance, between the engines 
which run the dynamos and any other 
of the auxiliaries and placing them 
and the men who run them under 
the command of a line officer, over 
whom the chief engineer has no con- 
trol. The chief engineer should have 
absolute authority in his department, 
should be responsible only to the chief 
officer or his direct representative, 
and not subject to annoyance nor in- 
terference from petty officers of the 
line. The number of engineer officers 
should be increased to meet the de- 
mand of the more numerous, more 
powerful, and more complicated ves- 
sels which the navy is acquiring, and 
the officers of the engineering de- 
partment should have a positive and 
well-defined standing as regards rank 
and priority in keeping with the im- 
portance and responsibilities of their 
position. They are not, as it is often 
made to appear, men from civil life 
employed to assist in operating the 
vessel, but a part of a military organ- 
ization matriculated from the same in- 
stitute as the officers of the line, and 
their course is no less difficult, the 
requirements no less severe. They 
do not, as we understand it, wish 
to be known as that which they are 
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not. To be chief engineer of a man 
of war is a position of responsibility 
and importance. To be known and 
recognized as the Chief Engineer is 
honor enough among those who 
understand the requirements of the 
office. It is a position to be proud 
of, not to be hidden under a mean- 
ingless title. But what is the posi- 
tion of the Chief Engineer relatively 
to the other officers? Some of them 
have the relative rank of captain, 
others of commander, lieutenant-com- 
mander, etc.; but this does not mean 
that they have an authority even in 
their own departments commensurate 
with those titles, or that they assume 
among the other members of the per- 
sonnel positions in accordance with 
their selative rank. What they ask 
is positive rank with appropriate 
titles. 





Anonymous Communications 





Letters asking for information are fre- 
quently received to which the writer has 
failed to add his signature, or in some 
other way made a reply except through 
the columns of the paper impossible. 

Questions are often asked which while 
not of sufficient general interest to be 
published are of special interest and im- 
portance to the individual, and if possible 
these are answered by mail. 

Communications which are anonymous 
by intention or accident cannot be 
answered or placed on file and the ques- 
tioner and the paper are both losers, 
because someone did not identify himself 
with his letter. 

It is usually assumed that the omission 
of the signature or a place of residence 
is accidental, but when a correspondent 
uses the stationary of his employer and 
carefully tears from the top of the sheet 
all printed matter, except the date line; 
and affixes one, two or three initial let- 
ters to the end, it may be taken for 
granted that he intends to conceal his 
identity. 

All letters received are treated con- 
fidentially and are accessible only to those 
who have a moral and legitimate right 
to their contents, but the signatures are 
required for two imperative reasons, 
either of which is sufficient in itself—as 
a guarantee of good faith on the part of 
the writer, and for the purposes of filing 
for future reference. 

A third reason, although perhaps not as 
important, is that it is not always possible 
to reply by mail to a correspondent whose 
name or address is hypothetical. 

While on this subject, it may as well 
be intimated that there is much more 
satisfaction derived from a letter which 
is written upon one side of the paper 
only than from one which jumps from the 
first to the fourth and then to the third 
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page, and finally finishes on the second 
page of society notepaper. 

Grammar, spelling and penmanship are 
matters of secondary importance, and 
even the English language is not im- 
perative, for correspondence is received 
from India, China, Japan, Russia and, in 
fact, from all‘ parts of the world; and 
Choctaw, if legibly written and properly 
signed, will receive the same prompt and 
courteous attention that is given to the 
most elegantly typewritten and carefully 
edited letters that reach the office. 

In conclusion, it is urged that cor- 
respondents write upon one side of the 
paper only, leave a generous space between 
the lines and write signature and address 
as legibly as possible, thus codperating 
with the paper to make it satisfactory to 
all interested. 





Decision on Anthracite Case 





On May 3, the Supreme Court of the 
United States, in the case of the Govern- 
ment against the anthracite roads, handed 
down a decision to the effect that the 
commodities clause of the Hepburn rate 
act was constitutional. On the surface 
this decision, which was a reversal of the 
finding of the Federal Circuit Court for 
the Eastern District of Pennsylvania, was 
a sweeping victory for the Government, 
but by the court’s interpretation of the 
law victory actually rests with the coal 
roads. 

It is generally understood that the 
original purpose of the Hepburn act was 
to prohibit railroads from carrying com- 
modities which they own, or in which 
they were financially interested, and in 
this particular case the Government was 
endeavoring to enjoin the anthracite 
roads from violating the law by trans- 
porting coal owned by them or by coal 
companies in which they owned stock. 
The court decided that such ownership of 
stock in coal companies | the railroads 
was neither direct nor incirect interest 
in the commodity, within the meaning of 
the law, so that the railroads are per- 
mitted to continue their coal business 
through other corporations and even to 
own the mines, provided the coal is 
sold in good faith before it is transported. 
In short, the law is constitutional, but is 
limited to such an extent that it cannot 
possibly be enforced as intended when 
the bill was passed. 

Only two of the anthracite roads are 
affected by the decision, and these are the 
Delaware & Hudson and the Delaware. 
Lackawanna & Western, both of which 
own the mines, provided the coa! ‘s 
necessary for these companies to trans- 
fer the mines to a subsidiary company, 
of which they may own all of the stock, 
or sell the coal at the mincs instead of 
transporting it to tidewater before the 
sale is made. The roads will no longer 
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be allowed to contract for the coal of 
the independent operators, but theiz sup- 
sidiary coal companies may do so, and 
as they own all, or at least a controling 
interest, of the stock of these corpora- 
tions, the distinction is merely a question 
of bookkeeping. The coal combination 
may continue to operate on practically the 
same basis as before, continue to regulate 
the price of anthracite, charging what the 
trade will bear, and monopolize as they 
have for a number of years, the anthra- 
cite industry. The only change that the 
decision effects is to compel such rail- 
road companies as would otherwise ad- 
mit ownership honestly to go through the 


farce of organizing nominally separate 
coal companies or pretending to self 
the coal prior to shipment from the 
mines. 





Marine Gas Power 


Those who have grown accustomed to 
thinking of the gas engine and producer 
as a rather cumbrous and widely spread 
type of power equipment in comparison 
with steam apparatus were doubtless sur- 
prised at the comparison drawn by Mr. 
Straub gas and steam equip- 
ment for a lake freight boat, which we 
published last week.* 


between 


Of course, it was 
to be expected that a considerable saving 
could be effected in the space occupied by 
coal, for a given “radius of action,” be- 
cause of the higher economy of the gas 
plant; but it is rather surprising to learm 
that the engine room proper can be made 
smaller for a 1000-horsepower gas engine 
than for a steam engine of similar out- 
put and general shape. The greatest dif- 
ference in space, however, is in the gen- 
erator section of the plant, the boiler 
room, omitting coal bunkers, having 720 
square feet of floor area against 450 
square feet for the producer room, in- 
cluding coal bunkers! The feature which 
contributes most to this difference is the 
location of the respective firing spaces; 
the producer is charged from an over- 
head floor which adds nothing to the 
length of the producer room, whereas the 
boiler stokehold is on the same level 
with the boilers. The coal bunkers of 
the steam vessel also add to the length 
of the space occupied by ihe power equip- 
ment, while those of the gas outfit do not, 
being elevated. 

In detail and altogether, the compari- 
son was a most interesting one and we 
await with some impatience and much 
eagerness the actual installation of a gas 
plant such as Mr. Straub describes. If 
we might venture a suggestion, it would 
be that six hundred feet piston speed is 
rather moderate for the proposed gas 
engine. 


*Page R57. 
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Power Plant Machinery and Appliances 


Original 
No 


Descriptions 
Manufacturers 
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Cuts 
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MUST BE NEW OR 


A Patent Boiler Furnace 


The accompanying illustration shows a 
patent furnace invented by A. W. Fred- 
rickson, Hardy, Cal. It is in reality a 
steam boiler and furnace with a water- 
heating and purifying attachment, the 
object being to provide an attachment 
whereby the water may be heated and the 
sediment contained therein deposited be- 
fore the water is delivered to the boiler 
proper in a continuous supply. The de- 
vice consists of a double steel shell hav- 
ing an intervening space at the top, sides 
and front, as shown in Figs. 1 and 2. The 
grate is located in the double-wall section 
and fuel may be introduced either through 
the opening A or through the ordinary 
furnace door at the front. 

The feed water is introduced in 
water legs, where it is subjected to 
heat of the inner walls, whereupon the 
deposits will fall to the bottom of the 
water legs below the grates, thence it may 
be blown out through the blowoff pas- 
sages. The water in this chamber sur- 
rounding the firebox will be gradually 
heated to a temperature substantially 
equal to that in the boiler proper. 

The furnace and heating chamber are 
separate from the boiler, with the excep- 
tion of the pipes leading from the upper 
rear end of the heating chamber, and all 
the water delivered thereto’is expected to 
be substantially purified and heated to 
such a temperature that the ebullition will 


the 
the 
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be continued within the boiler in the usual 
manner. 





An Improved Ejector 


The Lunkenheimer Company, of Cincin- 
nati, manufactures the ejector illustrated 
herewith. The claims for superiority made 
for it are based chiefly upon the tube con- 
struction. It is stated to be unsurpassed 
—on the scores of economy and efficiency 
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INTERESTING 


—for raising water from 
mines or pits, emptying 
tanks, or for raising and 
hot or cold liquids generally, and _ it 
is further claimed that it will raise 
water a greater hight and at higher tem- 
perature than heretofore attained. The 
tubes only are subjected to wear and can 
be renewed at slight expense. To operate, 
it is only necessary to turn the steam on 
fully and after the flow of water is estab- 
lished the steam may be throttled almost 
wholly. 
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NEW DESIGN OF EJECTOR 


FREDRICKSON’S PATENT BOILER FURNACE 
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The New Steam Stack Heater 





In the power house there are the smoke- 
stack and the steam stack or exhaust pipe. 


If the boilers operate with an efficiency 
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Some receiver or hotwell must be pro- 
vided for the reception of the returns. 

There must be a means of automatically 
admitting the cold water required to make 
up for losses by leakage, escape through 
the back-pressure valve, etc. 
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FIG, I. 


Power, N. YF. 


SHOWING ORDINARY ARRANGEMENT OF A FEED-WATER HEATER, RECEIVER, OIL 


SEPARATOR AND FILTER, AND COMPARED TO A STEAM STACK OPEN HEATER 


of 70 per cent., 30 per cent. of the heat 
units supplied to the furnace (less the 
small amount lost by radiation) go out 
of the smokestack. If the engine oper- 
ates with an efficiency of 10 per cent., 90 
per cent. of the heat units in the steam, 
or 63 per cent. of the heat units supplied 
in the fuel, go up the exhaust stack or 
into the river with the overflow from the 
condenser. 

If any use can be found for steam at 
the temperature of the exhaust, much of 
the heat which would be rejected by the 
steam stack or exhaust pipe could be re- 
tained and usefully applied, and such op- 
portunities offer in heating feed water, 
warming buildings and various manufac- 
turing processes. A pound of exhaust 
steam is just as good for heating or dry- 
ing purposes as a pound of live steam 
of the same temperature, and a pound of 
exhaust steam of atmospheric pressure 
contains 96 per cent. as much available 
heat as a pound of steam at 100 pounds 
pressure. Exhaust steam, as it comes 
from the engine, contains in addition to 
the entrained water which it has brought 
from the boiler and the condensation 
during its passage the condensation due 
to the conversion of heat into work, and 
is further contaminated by the oil used 
for lubricating the cylinder. In order, 
therefore, to apply exhaust steam success- 
fully to heating and drying purposes the 
following points should be observed: 

Steam should be thoroughly purified of 
il before passing to the heating and dry- 
ing coils, so that the latter may not be- 

me fouled with oil, and so that the 

mdensed returns may be available for 
voiler-feed purposes. 
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It is generally advisable to filter the 
feed water, and the escape of air and 
gases from the feed-water heater and 
from the heating system must be provided 
for. Such provision is illustrated in 
Fig. 1. 

If the closed heater is not protected by 
an oil separator the drips must be wasted 
to the sewer, representing a loss of, say, 
IO per cent. of the total water supply, to 
say nothing of the heat which they con- 
tain. The separator, if used, should be 
large enough to treat the whole of the 
steam to render it fit for manufacturing 
processes, to prevent fouling radiation 
and to render the returns fit for use in 
the boilers. Good engineering demands 
that a bypass be put in so that the heater 
may be opened and cleaned or repaired 
without shutting off the heating system. 
To equip even the open heater with its 
usual oil separator proportioned to the 
needs of only the heater itself so as to 
cover these two requirements would need 
a gate valve, a separator, and a_ trap 
extra, as shown in Fig. 2, which may cost 
in the neighborhood of 20 per cent. of the 
cost of the heater. 

The new “Steam Stack Open Heater” 
offered by the Harrison Safety Boiler 
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FIG. 2. 


THE OIL SEPARATOR, TEE, VALVE AND TRAP ARE ELIMINATED 


WITH THE STEAM STACK OPEN HEATER 


Some means should be provided for 
heating the condensation and cold feed 
water before they are pumped to the 
boiler. 


Works, of Philadelphia, combines all: of 
these functions in the single piece of ap- 
paratus shown diagrammatically at the 
right of Fig. 1, and to the same scale. 
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An interior view of this heater is shown 
in Fig. 3. The exhaust steam is piped to 
the heater in the usual manner, striking 
the baffle plate which forms the back wall 
of the oil separator which removes the oil 
contained in the exhaust steam. The 
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There are two features worthy of 
especial mention in connection with the 
construction of this heater. By noting the 
sectional view, Fig. 3, it will be seen 
that the heater can be entirely shut off 
from the steam by merely closing the 
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steam then passes around the ends of the 
baffle plate and enters the heater where, 
mingling with the cold-water supply and 
gravity returns, heats them to its own 
temperature. The remainder of the steam 
is then passed on to the heating system 
thoroughly purified of oil. All oil is car- 
ried to the drip tank through a drip pipe. 
This tank is fitted with a float which oper- 
ates a valve when the water in the tank 
reaches a certain hight, when the contents 
are discharged to the sewer. 

After being heated the clean water is 
drawn from the bottom of the heater, 
after passing down through the filtering 
material placed in the bottom of the tank. 
The water, after passing through perfor- 
ated plates on which the filtering material 
rests, passes into a suction box and then 
on to the feed pump. 


FIG. 3. SECTIONAL VIEW OF THE HARRISON SAFETY BOILER WORKS 
STEAM STACK 










OPEN HEATER 


semi-rotary type valve. The valve is 
shown closed, and the path of the steam 
is through the oil separator, past the oil- 
baffle walls and, finding no inlet to the 
heater proper, it escapes through the ex- 
haust outlet to the heating system. It 
will be seen that cutting out the heater 
from service does not prevent the steam 
from being cleared of oil, as the oil sepa- 
rator is always in service. 

When the steam is passing to the heating 
system only the small disk valve shown in 
the oil-drip tank is closed, otherwise steam 
and oil would back up through the over- 
flow into the heater. When the heater is 
in service, this valve is open and the over- 
flow and scum from the reservoir, if any, 
escape into the drip tank and are deliv- 
ered to the sewer. The float shown in 
the receiver regulates the water supply 
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so that it remains practically uniform. 

Various modifications can be made in 
the construction of this heater, as in case 
head room is restricted the steam stack 
can be connected to the side, rather than 
the top, or two steam outlets may be used 
instead of one. 








Goulds Power Working Head 








With a view of supplying a demand for 
a compact power working head for oper- 
ating single-acting cylinders in wells from 
50 to 175 feet deep, the Goulds Manu- 
facturing Company, of Seneca Falls, N. 
Y., recently placed on the market a new 
type, which is constructed in a substantial 
manner, Owing to the entire frame be- 
ing cast in one piece. 

The gear and crank plate are securely 
pressed and keyed on the main shaft. The 
gear and pinion are of charcoal-iron ma- 
chine-cut from the solid, and the main 
and pinion shaft run in large babbitted 
bearings. The well cover is located in the 
base. It is so arranged that by taking 
out the bolts which secure it to the frame 
and disconnecting the well rod, the en- 
tire working head can be moved back 


























GOULDS POWER WORKING HEAD 


from the well without disconnecting the 
pipe. 

The crank plate provides for an adjusta- 
ble stroke by changing the crank pin; 
the well rod operates through a_ brass 
gland, and the working head can be sup- 
plied with or without an air chamber. 
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American Society of Mechanical Engineers 


. Details of the Spring Meeting at Washington; Proposed Amendments 


to the 


Constitution; 


Proceedings of the Gas 


Power 


Section 





The spring meeting of the American 
Society of Mechanical Engineers was’ held 
at Washington during the week com- 
mencing May 3. The sessions were held 
in the ballroom of the New Willard, where 
on Tuesday evening the society was for- 
mally welcomed to the city by Hon. Henry 
B. Macfarland, president of the Board of 
District Commissioners, the response be- 
ing made by Jesse M. Smith, president 
of the society. Professional sessions were 
held on Wednesday, Thursday and 
Friday forenoons. On Wednesday after- 
the society witnessed a_ special 
exhibition drill by troops at Fort Myer, 
and in the evening, A. P. Davis, 
chief engineer of the Reclamation Service, 
presented an illustrated lecture on “Home 
Making in the Arid Regions.” 

On Thursday afternoon the members 
and guests were received by President 
Taft in the East Room of the White 
House. On Thursday evening, Rear-Ad- 
miral George W. Melville, retired, ad- 
dressed the society upon “The Engineer 
in the Navy,” criticizing the attitude of 
the line toward engineering and condemn- 
ing recent actions of the department in a 
manner which the morning papers termed 
“startling,” but which seemed to have 
the sympathy and approval of his hearers. 
Walter M. McFarland, of Pittsburg, pre- 
sented, on behalf of a number of his 
friends, a portrait of the admiral to the 
historical series of paintings in the Na- 
tional Museum. The portrait was accepted 
by Dr. C.. D. Walcott, representing the 
Nation. 

On Friday afternoon a visit was paid to 
Mount Vernon. A contemplated balloon 
ascension and an aéroplane exhibition at 
Fort Myer were precluded by a thunder 
squall. 

Numerous invitations were received 
from local institutions of interest, the 
hospitality of several local clubs was ex- 
tended to the members and socially the 
meeting, which was very well attended, 
was very pleasantly successful. 


noon 


WEDNESDAY 


The first professional session was held 
on Wednesday forenoon. The member- 
ship committee reported 148 names 
which had been passed upon by the 
council and they were formally added to 
the list of members. 


Proposep AMENDMENTS TO THE CoN- 
STITUTION 


Announcements of intended amend- 


ments to the constitution affecting the 
qualifications of associate and junior 
members were read in anticipation of 
action to be taken upon them at the an- 
nual meeting. That upon associate mem- 
bers reads that: 

“An associate shall be thirty years of 
age or over, and must be so connected 
with some branch of engineering or 
science or art or industry that the council 
will consider him qualified to codperate 
with engineers for the advancement of 
professional knowledge. He need not be 
an engineer.” 

To the section relating to junior mem- 
bers it is proposed to add: “A person 
who is cver thirty years of age cannot 
enter the society as a junior. A further 
amendment provided for the Public Rela- 
tions Committee, as proposed by Morris 
L. Cooke, at the last meeting. 

O. C. Woolson addressed the society 
in favor of building a bulkhead around 
the sunken battleship “Maine,” filling it in 
and erecting a suitable monument upon it. 


Papers ON HANDLING MATERIALS 


The first two papers dealt with hand- 
ling materials: “A Unique Belt Con- 
veyer,” by Ellis C. Soper, was a descrip- 
tion of the installation and operation of 
a belt conveyer, a quarter of a mile long, 
requiring less power to operate loaded 
than empty because the material is con- 
veyed down hill. The only requisite labor 
to keep it in operation is that of a boy 
to do the oiling, adjust the rolls, ete. 

E. G. Bennett called attention to a 
36-inch movable conveyer over 1000 feet 
long on Riker’s island, and other large 
installations. 

In a discussion which ensued upon the 
life of belting, a member said that in his 
work a rubber belt lasted 7 or 8 years. 

“Automatic Feeders for Handling Ma- 
terial in Bulk,” by C. Kemble Baldwin, 
of Chicago, describes eleven types of au- 
tomatic feeder in use today, favoring the 
shaking feeder because of its simplicity 
and flexibility. 


“A New TRANSMISSION DyNAMOMETER” 


by Prof. William H. Kenerson, described 
a transmission dynamometer which will 
be described in a later issue. 

There are three factors controlling its 
sensitiveness, the area of the diaphragm, 
the ratio of the connecting levers and the 
diameter of the flanges, so that practically 
any desired degree of sensitiveness may 
be had, but, however sensitive it is made, 


its construction is such that its complete 
failure as a measuring instrument would 
involve no interruption to the operation 
of the shaft driven through it. The 
only derangement which suggests itself 
is the crushing of the balls in the bearing, 
and the pressure upon these is so slight 
as to render this hardly possible. 


THURSDAY 
Gas Power SEctTION 


Thursday’s session was filled entirely by 
the Gas Power Section of the society. 
After reports from the literature, plant 
operation and membership committees, an 
interesting report was presented by C. Lee 
Straub on the progress in marine gas 
producer work abroad. This report in- 
dicated that while more has been done in 
Europe than in America in the application 
of producer-gas power for marine service, 
nothing approaching a standardized equip- 
ment has yet been developed. The Capi- 
taine producer for gasifying small sizes 
of anthracite is practically the only one 
that has thus far shown encouraging re- 
sults. The largest engine unit under- 
taken is an eight-cylinder single-acting 
machine now being built by Vickers Sons 
& Maxim. No bituminous producer 
capable of giving absolutely continuous 
service over long periods under marine 
conditions has yet been developed. 


“MarINE Propucer Gas Power” 


was the title of the first paper of the 
session. This was read by Mr. Straub 
at the conclusion of the report just re- 
ferred to, and printed in very full ab- 
stract on page 857 of the May 11 number. 

In the course of the discussion of Mr. 
Straub’s paper, which was quite animated 
and interesting, E. T. Adams stated that 
gas engines for land service were now 
built about 25 per cent. lighter in weight 
per horsepower than they were three or 
four years ago, because of the improve- 
ments in design due to the larger ex- 
perience gained; therefore, the very 
favorable figures given in the paper need 
occasion no surprise nor skepticism. Mr. 
Adams also stated that a plant of large 
gas engines, with producers and auxil- 
iaries, could be housed in the same size 
of building that would be required for a 
steam-turbine plant of equal output, with 
its boilers and auxiliaries, notwithstand- 
ing the fact that the turbine is the small- 
est of all types of prime movers. - 

Mr. Obert’s paper on the “Operation of 
a Small Producer-Gas Power Plant” was 
read in abstract by Henry R. Cobleigh, 
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Mr. Obert being absent. This paper is 
printed on page 873 of this issue. The 
paper did not evoke the discussion which 
its character merited. 


HicuH CoMpressSION AND WEAK MIxTURES 


“A Method of Improving the Efficiency 
of Gas Engines,” by. Thomas E. Butter- 
field, was the next paper presented. The 
method consists in using high compres- 
sion and diluting the combustible mixture 
with inert gases, such as the exhaust gases 
of the engine itself. Of course, the mix- 
ture is usually diluted to some extent 
by the products of combustion remaining 
in the clearance space after each explo- 
sion, but the present suggestion is to di- 
lute still farther and to advance the time 
of ignition in order to compensate for 
the slowness of combustion produced by 
the dilution. 

Discussing this paper, W. O. Barnes 
stated that premature ignition due to high 
compression was not as serious as it was 
commonly considered. In most cases this 
sort of preignition indicated faulty de- 
sign of the combustion chamber, and the 
vigorous pounding that was sometimes 
produced by premature ignition was due 
to the fact that the affected parts were 
not sufficiently large to take care of the 
extra stresses caused by the unusual rise 
of pressure during the compression stroke. 


Orrset CYLINDERS 
The final paper of the session was 


one by Prof. T. M. _ Phetteplace, 
entitled “Offsetting the Cylinders of 
Single-Acting Engines.” The paper 


was an exhaustive mathematical analysis 
of the effects obtained by setting the 
crank shaft to one side of the line corres- 
ponding to the plane of the cylinder 
centers. The author’s conclusion was to 
the effect that improvements obtained by 
offsetting are negligible as far as the 
thermal cyclic efficiency, mechanical ar- 
rangement, turning effort and lubrication 
are concerned; the real advantages are 
a reduction of the frictional losses due to 
the pressure of the piston on the walls of 
the cylinder, resulting in a slight increase 
in mechanical efficiency and less wear of 
the piston, piston rings, and cylinder, and 
consequently longer life; and a reduction 
of the maximum value of the side pres- 
sure of the piston on the walls of the 
cylinder, allowing the use of shorter con- 
necting rods, shorter pistons, and shorter 
cylinders, resulting in a shorter and light- 
er engine and in lower inertia forces due 
to the reciprocating parts. The most im- 
portant advantage would be the consider- 
able saving in weight produced by the 
shortening of parts. 

The disadvantage of offsetting lies in 
the fact that the reductions in average side 
pressure and maximum side pressure grow 
less as the speed and inertia force in- 
crease, so that for a speed of 1400 to 
1500 revolutions per minute, there is either 
no reduction at all or an increase. 
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The author’s summary of the principal 
physical results of offsetting was as fol- 
lows: 

Offsetting increases slightly the length 
of stroke and the crank angle passed over 
during the stroke toward the crank shaft. 

The maximum value for the side pres- 
sure of the piston on the cylinder walls 
decreases as the offset increases up to a 
value of one-half the crank radius for 
any ratio of L/R. (L = Length of con- 
necting rod; R = crank radius.) 

The work lost in friction due to the 
side pressure of the piston on the cyl- 
inder walls decreases as the offset in- 
creases up to a value of 75 per cent. of 
the crank radius. 

Both the maximum value of the side 
pressure and the work lost in friction in- 
crease as the value of the ratio L/R de- 
creases. 

Offsetting decreases the height and 
weight of the engine and increases the 
life of the cylinder and piston. 

The advantages of offsetting as regards 
the maximum side pressure and work lost 
may be zero or negative for high inertia 
forces resulting from speeds of 1500 revo- 
lutions per minute or more. 

In the course of the ensuing discussion, 
John H. Norris said that his company 
(building the Nash engine) had _ tried 
offsetting the cylinders over 20 years ago 
and found that in actual practice no real 
advantage was obtained by it. 


FRIDAY 


Papers PRESENTED 
The Friday morning session was de- 


voted to the following papers: “Small 
Steam Turbines,” by George A. Orrok 


(published in the May 11 number, page 
850) ; “Tests on Compressed Air Pumping 
Systems,” by Edmund M. Ivens; “Specific 
Volume of Saturated Steam,” by Prof. 
C. H. Peabody (published in this issue, 
page 879); “Some Properties of Steam,” 
by Prof. R. C. H. Heck (published in 
this issue, page 876); “A New Departure 
in Flexible Staybolts,” by H. V. Wille: 
(abstracted in the February 9 number, 
page 280). 

In addition there was a continuation 
of the discussion, begun at the February 
meeting, of “Safety Valves,” published 
in the March 16 number, page 520. 


Discussions 

In the discussion of Mr. Orrok’s paper 
on “Small Steam Turbines,” it was the 
opinion of Charles B. Rearick that high 
economy inthe small turbine units in many 
instances is of minor importance. Re- 
liability of service is most important. In 
nearly all large power plants the exhaust 
steam is all utilized in feeding water 
heaters and 80 per cent. of the heat is 
returned to the boilers. There is only one 
class of service in which high economy 
is absolutely necessary, and that is when 
the unit becomes the prime mover or the 
main unit for a plant. In this case the 
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turbine is usually all right, for the speed 
can then be chosen for the best economy, 

Charles A. Howard showed by com- 
paring Mr. Dean’s paper of a year ago 
with Mr. Orrok’s curves, that the over- 
all efficiencies of the turbine and engine in 
small sizes after the latter has been in use 
for some time, are but very little different, 
with perhaps a little in favor. of the en- 
gine. 

Prof. R. C. Carpenter expressed an 
opinion that the field of the small steam 
turbine is somewhat narrow as compared 
with that of the high-speed steam en- 
gine, and that the advantages of the small 
steam turbine must be due to other rea- 
sons than simply that of economy. Figures 
from the test of a small turbine running 
noncondensing showed that 350 degrees 
of superheat had about the same effect 
as 18 inches of vacuum, and the water 
rate of a machine given in the paper as 
approximating 50 pounds per brake horse- 
power went down to 22 pounds. The 
small steam turbine has special advantages 
for many kinds of work and for those 
kinds of work it was the speaker’s opinion 
that the small steam turbine would ulti- 
mately supersede the small piston en- 
gine. 

R. H. Rice, of West Lynn, Mass., 
commented on the fact that all of the 
turbines described are of the impulse, or 
action type. It was his opinion that 
the reaction turbine is not suitable 
on account of the complication and 
expense of the bucket system for 
small turbine work, and this leads to 
the conclusion that the great flexibility 
of the impulse type will render it the 
ultimate type of the future, superseding 
entirely the reaction machines for all 
classes of service. To the latter statement 
Professor Carpenter objected, stating that 
there is no question about the advantages 
of the impulse turbine for small work, 
hut the reaction turbine for large powers 
will not drop out where a high vacuum 
can be obtained. 

W. E. Snyder, of Allegheny, Penn., 
thought that all the emphasis should not 
be laid on the steam economy. Another 
point which should receive careful atten- 
tion is the lower cost of maintenance, 
pacticularly where the turbines are used 
for boiler feed and replace the direct-act- 
ing boiler-feed pump generally used. In 
large plants where all of the large units 
are condensing, the steam from the auxil- 
iaries is needed to heat the feed water, 
and‘a few per cent., more or less in steam 
consumption, of these auxiliaries, does not 
materially change the conditions of the 
total economy of the plant because most 
of the heat is recovered in the feed 
water. 


SAFETY VALVES 


In the “Safety Valves” discussion, A. 
B. Carhart said that the limit of diameter 
size of valves for stationary boilers should 
be 5 


inches, and for locomotives, 3% 
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iches; common practice is in’ accord 
ith this. Units giving I square inch 
‘ischarge area are the largest advisable 
1x locomotives. Total discharge capacity 
{ 2 square inches for locomotives having 
a5 square feet grate area, and 3 square 
inches for the largest ones having 50 
wuare feet grate area, has been demon- 
rated to be amply sufficient. This should 
divided into three units, (a) muffled 
valve with close adjustment, (b) reserve 
valve regulated for reasonably greater 
discharge, and (c) an emergency valve 
as the real protection against explosion, 
the other two simply to limit the working 
pressure under ordinary conditions. 
Valves in use are unreasonably throttled 
in regulation. The strain upon the boil- 
er is dangerous when the opening is too 
large and sudden, and water chokes the 
relief through the safety valve and en- 
dangers the cylinders. A smaller valve 
with high lift is not the equivalent of a 
valve of larger seat diameter and less 
lift showing the same discharge area, for 
the smaller valve gives less percentage 
of steam discharge, there is greater 
danger of sticking in opening, more 
trouble from pounding of the seat and 
leaking, and the outlet area becomes too 
large in proportion to the inlet, causing 
shattering and giving ineffective relief 
to the boiler. The lift should not exceed 
0.08 inch for locomotive valves and 0.10 
inch for stationary valves used at lower 
pressures; prudence and economy would 
reduce rather than increase this limit. 
Every valve has a wide range of ad- 
justment; the lift can often be varied 
from 0.04 to 0.10 inch by anyone at will, 
and to still greater limits by exchange of 
springs in the same valve, to be had for 
the asking. Limited lift is a matter of 
preference or judgment, not of necessity, 
in valves as commonly made. All in- 
ternal work for large lift of the disk that 
must be extracted from the escaping 
steam reduces the velocity and efficiency 
of the relief and requires an undue throt- 
tling of the outlet, strangling the dis- 
charge instead of relieving the boiler. 
Philip G. Darling said that recent ar- 
ticles place the maximum limit to safety- 
valve lifts variously at 0.05, 0.06, 0.08, 0.09 
and 0.14 inch for the same size of valve. 
The great number of these recommended 
lifts complicate the situation and naturally 
raises the question as to just what the 
basis in settling such maximum limits is 
and whether there are any inherent ele- 
nents or principles of design calling for 
general restriction to such valves. Mr. 
Darling cited some instances in foreign 
practice showing that in England no in- 
herent valve conditions have been dis- 
covered limiting spring compressions to 4% 
inch on valve lifts to 0.05 and 0.08 inch, 
and it was his opinion that no such ar- 
bitrary limits actually restrict the progress 
ot design in this country in spite of a 
g¢neral protestation among manufacturers 
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against advancement in this piece of ap- 
paratus. 

In safety-valving a boiler, it is not a 
question of lift for itself, but of requisite 
relieving capacity, and if this is obtained 
with a 3-inch instead of a 4- or 4%-inch 
valve, there is a positive, real advantage 
not only in original cost, but in the main- 
tenance and better action of comparatively 
small rather than large valves. 

It is not a uniformity in the lifts of dif- 
ferent valves which the engineering public 
should demand and legislate for, but 
rather the practice of stating relieving ca- 
pacities. Capacities as obtained not from 
any assumed lift, however carefully se- 
lected, but from the actual lifts existing 
in the valves themselves. A purchaser, or 
one specifying safety valves, should be 
given this capacity information by the dif- 
ferent valve makers and he may intelli- 
gently select the proper size and type of 
valve, and the basis upon which this ca- 
pacity is obtained should be demonstrated 
as reliable. 

A logical policy is for the valve makers 
to continue to advocate each his own lifts 
and capacities in the different sizes of 
valve, but on the other hand for all to get 
together in agreeing to state and, if de- 
sired, to guarantee what the actual re- 
lieving capacities of these are, 
stamping them upon the valve, as is al- 
ready being done by one maker. This 
will give a rational basis for use in the 
application of safety valves to boilers. 


valves 





Graft Charges in Chicago 





Charges of graft among members of 
the board of examining engineers for the 
City of Chicago have been in circulation 
for some time, but no definite action was 
taken until recently, when States Attorney 
Wayman took the matter up, with the re- 
sult that on Saturday, May 1, the Cook 
county grand jury returned an indictment 
charging L. J. Griffin, secretary of the 
board of examining engineers, and John 
Jenkins, journeyman engineer and member 
of the board, with obtaining money by 
false pretenses in the furnishing of an 
engineer’s license to Joseph Hornyanski. 

Louis Bour, an engineer on the South 
side, is alleged to have been the “go-be- 
tween” for the board members and has 
also been indicted. The method of opera- 
tion is said to have been through the in- 
sertions of advertisements in newspapers 
published in foreign languages in Chicago, 
saying that the advertiser could make the 
securing of licenses easy. It is alleged 
that Hornyanski answered one of the ad- 
vertisements and Bour told him he would 
have to pay $92, part of which would go 
to the board. It is further alleged that 
Hornyanski gave him the money and ob- 
tained his license. 

Other charges have been current from 
time to time that a written list of ques- 
tions have been furnished to applicants 
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for licenses. Frank K. Rittenhouse, presi- 
dent of the board of examining engineers, 
who is totally blind, made the following 
statement: “I am only-one of three mem- 
bers of the board. The other members 
can do absolutely as they please; I have 
no power to call them to account for, or 
institute investigations into their conduct, 
becauseof the limitations of the ordinance. 
The story that written questions were 
peddled around and that applicants for 
licenses came up with the answers all 
written out is a falsehood. These are 
public records and I sincerely hope there 
will be an investigation. I have 
all that any man could with the 
status that I have.” 

Following the indictments, Mayor Busse 
forced the resignation of the two officials, 
and promised that the board would be 
completely reorganized on different lines, 
bringing it more closely in touch with the 
city administration than has been the 
case in the past, so that its activities could 
be subject to proper surveillance. Al- 
though Mr. Rittenhouse was not included 
in the charges, he has voluntarily tendered 
his resignation as president of the board. 


done 
legal 





Repairs to Turbines of U. S. S. 


“Salem” 





As stated in the May 11 number, the 
United States scout cruiser “Salem” was 
sent to the builder, the Fore River Ship- 
building Company, for an examination of 
the main propelling turbines, which are 
of the Curtis marine type. During the 
recent competitive trials the starboard tur- 
bine ran considerably slower than the 
port, with the same steam supply, thus in- 
dicating that some internal derangement 
had occurred, although there was no dif- 
ficulty in its operation. 

When opened up it was discovered that 
some foreign body had become caught in 
the fifth stage between the nozzles and 
first row of buckets. It had bent over the 
edges of the buckets so as completely to 
prevent any steam passing through them 
and had broken about one-quarter of the 
nozzle division plates. The foreign body 
which caused this had not been found at 
this writing, but a loose 54-inch nut was 
found in the fifth stage, lying in the bot- 
tom of the casing, and did not become 
caught in the moving parts. 
of the port dis- 
service bolt, 2% inches long, 
which was not a part of the machine, ly- 
ing in the first stage against the nozzle 
openings leading to the second stage. The 
damage done here comparatively 
slight. 

The rotors of both machines were also 
found to have moved axially so as to 
allow the moving buckets to rub against 
the stationary guide blades, with the re- 
sult that in the first and second stages 
where the axial clearances are least, the 


Examination 
closed a 


turbine 


was 
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guide blades were worn on the edges; 
but no blade stripping occurred. As in 
these stages the guide blades cover only 
a small part of the circumference, prac- 
tically all the wear occurred on them and 
very little on the moving buckets. 

All blading was found to be entirely 
free from any erosion due to the action 
of the steam, and the surfaces were as 
smooth as when first installed. 

This shows that turbines can withstand 
considerable abuse and _ still remain in 


operative condition; as even in this condi- 
tion the vessel made 24%4 knots for 24 


THE DAMAGED BUCKETS 


hours and for the first 8 hours made 25 
knots, while the contract speed required 
was 24 knots for 4 hours. Also, the 
operation of the turbine was all that could 
be desired, and except for the drop in rev- 
olutions, it would not have been known 
that any internal damage had occurred. 
The damage is being repaired, and is ex- 
pected to be finished in 30 days from the 
vessel’s arrival at the yard. The accom- 
panying photograph shows the damaged 
buckets on the first row of the fifth 
stage. The three bucket rows of the 
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fifth stage are marked 1, 2 and 3, the dam- 
aged row being No. I. 

The company officials state that they 
make no charge of vandalism regarding 
this damage, as it was quite possible for 
stray bolts or nuts accidentally to drop 
into the turbine during installation. 





The resistance to failure by shear and 
diagonal tension and the effectiveness ot 
metallic-web reinforcement are discussed 
in Bulletin No. 29, “Tests of Reinforced 
Concrete Beams: Resistance to Web 
Stresses,” by Arthur N. Talbot, just is- 






















































































s. “SALEM 


sued by the Engineering Experiment Sta- 
tion of the University of Illinois. This 
bulletin of 85 pages gives the results of 
tests made in the laboratory of applied 
mechanics of the university. 

Copies may be obtained gratis upon ap- 
plication to the director, Engineering Ex- 
periment Station, Urbana, IIl. 





The fifth annual convention of the 
Southwestern Electrical and Gas Associa- 
tion will be held in Dallas, Tex., May 20, 
21 and 22 next. 
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Meetings of State Associations,. 
N. A. S. E. 


Iowa, Cedar Rapids, May 20, 21, 22. 
Kentucky, Henderson, June 4 and 5. 
Pennsylvania, Erie, June 4 and 5. 
New Jersey, Hoboken, June 5. 
New York, Syracuse, June 11 and 12. 
California, San Francisco, June 14 to 
19. 
Connecticut, Waterbury, June 25 and 26. 
Massachusetts, Springfield, July 9 and 
10. 
Michigan, Bay City, July 15, 16, 17. 
Ohio, Columbus, September 13. 





Pennsylvania N. A. S. E. 


Convention 





The tenth annual convention of the 
Pennsylvania State Association, N. A. S. 
E., will be held at Erie, Penn., June 4 
and 5 next. Erie being the engine- and 
boiler-manufacturing city of the State, 
it is expected that this convention will 
be the largest, in point 6f attendance, ever 
held by the Pennsylvania N. A. S. E. 





Annual Convention of the 
A. O. S. E. 


The annual convention of the Ameri- 
can Order of Steam Engineers will take 
place at Reading, Penn., during the week 
commencing June 7. Headquarters will 
be at Penn hotel. 





Annual Convention of the Univer- 


sal Craftsmen 


The annual convention of the Universal 
Craftsmen, Council of Engineers, will be 
held at Washington, D. C., August 3, 4, 
5 and 6. Headquarters will be at the 
National hotel. 





The Fidelity and Casualty Company re- 
ported 19 boiler explosions in °* this 
country, including two engine boilers, be 
tween March 15 and April 14, inclusive; 
there were also a number of minor boil- 
er accidents. From March 19 to April 
7, inclusive, three flywheels were reported 
burst. 





On Saturday evening, May 22, Illinois 
Association No. 3, N. A. S. E., of Wauke- 
gan, Ill., will hold an open meeting at 
which the following will speak: L. M- 
Eckstrand, on “Coal;” J. W. Swearingen, 
on “Pumps;” J. W. Townsend, on “Some 
of the Mishaps of the Past.” 





Announcement is made that the annual 
convention of the American Street and 
Interurban Railway Association and its 
affiliated associations will be held at Den- 
ver, Colo., October 18, 19, 20, 21 and 
22, 1900. 
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Inquiries 





Questions are not answered unless they are 
of general interest and are accompanied by 
the name and address of the inquirer. 








Cause of Bent Fire Tubes 


In a fire-tube boiler some of the tubes 
are curved so that they are nearer to- 
gether in the middle than at the ends. 
What bent them? 

a 

At some time the bent tubes have been 
hotter on one side than on the other, and 
the stress caused by the unequal expan- 
sion resulted in a permanent .deformation 
or bend. 


Cause of Leakage with Cold Water in 
Tank 

Why do the girth seams of a _hori- 
zontal water tank leak when the tank is 
half full of cold water but do not leak 
when the water is hot? The tank is used 
as a hotwell with exhaust steam admitted 
above the water. 

: G.. Hf. 

Difference in temperature between the 
upper and lower parts causes strains 
which open the seams enough to allow a 
slight leakage. 
Producer Gases 


Please explain the differences between 

water gas, producer gas and coal gas. 
G. J. R. 

Any gas made from coal is coal gas, 
but the name is commonly applied to the 
lighter gases driven off from coal by the 
application of moderate heat. Water gas 
consists chiefly of carbon monoxide and 
hydrogen formed by passing steam through 
a bed of incandescent coke. Any gas made 
in a gas producer is producer gas, but the 
mame is commonly restricted to the gas 
made by passing air and steam through a 
bed of incandescent fuel and a bed of fuel 
not yet brought to incandescence. 
“Mud” in a Water Column 


Our water column used to get choked 
with mud. How is the circulation pro- 
duced that carries the mud into the col- 
umn connections? 

oa 

What you designate as mud is probably 
iron oxide made by the union of oxygen 
and iron. Corrosion of the iron in this 
case would produce a spongy mass of 
nodules which would in a very short time 
entirely fill the pipe leading to the bottom 
of the combination and stop the pipe, not 
because of any peculiar kind of circula- 
tion which carried mud into the pipe, but 
the lack of enough circulation, by blow- 
ing or otherwise, to carry the mud away. 
Storage Battery Requirements 

What size of storage battery is required 
to give a normal discharge rate of 20 am- 


Peres at 110 volts, and how is the size 
determined ? 


i ©. < 


Each cell must have 23 square inches of 
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alone 
For 
plates 


surface area on the positive plates 
for each ampere of discharge rate. 
20 amperes, therefore, the positive 
of each cell must have 460 square inches 
of surface. Each cell gives from 1.8 to 
2.2 volts, according to its condition; at the 
beginning of the discharge 50 cells would 
give 110 volts, but toward the end the bat- 
tery would drop to about 90 volts. It 
would be advisable to put in 60 cells in 
order to keep the potential up to 110 volts. 


Different Pressures for Boilers Connected 
to Same Steam Line 

I have two boilers connected to the 
same steam line. One is horizontal and 
the other is vertical, but otherwise they 
are the same, in thickness of shell, in 
diameter and in riveted joints. Why is 
it that the inspector allows five pounds 
more pressure on the vertical boiler than 
on the horizontal one? 

A; ©. %. 

It is not just clear how more steam pres- 
sure can be carried on one boiler than 
on the other as long as both are con- 
nected to the same steam main. If the 
shells are equal in strength the lower 
steam pressure should be allowed on the 
vertical boiler, owing to the extra pres- 
sure of water in the vertical boiler due 
to its hight. 


Why the Manhole Joint Leaks 


In a 11x1§-inch manhole a new gasket 
is required every time the plate is re- 
moved, and when the pressure falls below 
20 pounds the joint always leaks. What 
is the cause? 

A. B. 

The face of the plate does not fit the 
face of the ring. When the gasket is new 
it is somewhat elastic and the joint is 
tight under the rising pressure. At 
working pressure the pressure on the 
back of the plate exceeds the stress of the 
bolts and the plate is held in place by the 
pressure-on its back. As the pressure is 
reduced the plate, which has been warped 
by the pressure to fit the ring, tends to 
resume its natural shape and as it does 
so it opens a crack for the escape of 
steam. 





Book Reviews 





THE ENGINEERING INDEX ANNUAL FOR 
1908. Compiled from the engineering 
index published monthly in The Engi- 
neering Magazine during 1908. Pub- 
lished by The Engineering Magazine, 
London and New York. Cloth; 437 
pages, 634x9% inches. 

Although the 1908 volume is not ma- 
terially larger than the 1907 Annual, it 
indexes 400 more articles (8248 as against 
7848), exclusive of cross references, which 
are also very much more numerous in 
this volume than in its predecessor. This 
gain in range without proportionate in- 
crease in size has been obtained by much 
more careful attention to conciseness in 
writing the descriptive legends. Constant 
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and painstaking care has been used, also, 
in standardizing the classification—par- 
ticularly in following a uniform system 
for placing articles of doubtful classifica- 
tion, and in using cross references so 
freely that the consultant of the Index, if 
his mind does not see things in exactly 
the same relation as the compilers saw 
them, cannot travel far along his 
mental path without reaching a signpost 
directing him into the right road leading 
to his goal. 

This is the seventh volume of the Index 
since the work was first undertaken and 
the third since it assumed the “Annual” 
form, and it makes available a continuous 


own 


index to the engineering and_ technical 
literature of the past 25 years. The list 
of periodicals included comprises 250, 


representing 17 nations and colonies and 

six languages. 

MiLtwricHTinc. By James F. Hobart. 
Hill Publishing Company, New York. 
Cloth; 401 pages, 6x9 inches; illus- 
trated. Price, $3. 

The old-fashioned millwright has be- 
come lost between the mill architect or 
mechanical engineer and the contractor 
and erecting man, and yet there must be 
somebody to take the more or less perfect 
from the engineer, to 
execute these plans and in many cases to 
complete the details and supply most if 
not all the minor engineering, to finish the 
work of the designer, to cover his mis- 
takes and to help him out generally. Often 
the millwright must make his own plans 


plans designing 


if he has any. He is usually a practical 
mechanic, and it is to supply him with in- 
formation which will make nonde- 
script job easier, extend the field of his 
efforts and make him more efficient 
therein that this book is offered out of 
the experience of its author. 

Assuming that the millwright may have 
to be “the whole thing,’ short chapters 
are given on Factory Location and Lay- 
ing Out the Buildings and The Builder’s 
Level and Foundations. The use of the 
carpenter’s level is then taken up, plain 
and fitted with sights. Subsequent chap- 
ters deal with Erecting Foundations; 
Erection of Buildings; Walls and Machin- 
ery Supports; Roof Timbering and 
Trusses; Strength of Materials; Laying 
Out Shafting; Putting Pulleys in Place; 
Belts and Belting; Setting Up Machines; 
Babbitting, Scraping and Lubricating; 
Steam and Water Pipe Fitting; Erecting 
Steam Engines; Steam Boiler Setting; 
Some Shop Work; Water Wheel Setting. 
All of this covers a much wider field than 
most mill mechanics are obliged to cover 
and yet it is presented in such a way that 
the practical man can easily comprehend 
and apply all of it. The book contains 141 
illustrations and is replete with practical 
suggestions, any one of which is liable to 
be worth many times the price of the book 
to one who is deakng with the building of 
mills or the installation of machinery. 


his 
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Resolutions on the Death of 
lra Watts 


The Combined Association, N. A. S. E., 
of Manhattan and the Bronx has adopted 
the following resolutions: 

“In every association there are a few 
men who, by reason of their sterling 
qualities and unselfish devotion, stand out 
prominently among its membership, and 
whose counsel and efforts can least be 
spared io the common cause. Such a 
man was our late friend and companion, 
Ira Watts, the news of whose death in far 
away Spokane, Washington, comes as a 
blow to us, his fellow engineers and as- 
sociates. 

“An accomplished engineer, a faithful 
officer, an untiring worker, an exemplary 
citizen and an ever-ready helpmate, he 
was an ornament to his profession, a pillar 
of strength to the association, and an 
example worthy of emulation to his fellow 
men. 

“The General Committee of the Nation- 
al Association of Stationary Engineers 
of Manhattan and Bronx, New York, in 
regular meeting assembled, desirous of 
giving public expression to their sense 
of bereavement at his loss, and of record- 
ing their appreciation of his high qualities, 
do hereby 

“Resolve that in the death of our be- 
loved brother, Ira Watts, the engineers 
of America and especially the General 
Committee of the National Association 
of Stationary Engineers of Manhattan and 
Bronx, have lost one of their most use- 
ful, esteemed and representative members, 
one whose place in our counsels and in 
the hearts of his fellow men it will indeed 
be hard to fill; and be it also 

“Resolved, that we extend to those even 
more near and dear to him the sympathy 
of fellow mourners and of sharers in the 
deep affliction which his untimely calling 
away has imposed upon gqurselves as well 
as them, and be it further 

“Resolved, that these resolutions be 
spread in full upon the minutes, and that 
a copy thereof be forwarded to the 
family of our deceased brother.” 





Business Items 





The Tatnall Engineering Company, of 
Thiladelphia, announces that it has severed 
its connection with the Wetzel Mechanical 
Stoker Company. 

Muralt & Co., engineers, have opened a 
branch office in the Temple Court building, 
Bay and Richmond streets, Toronto, Ont., 
with J. Eugh as manager. 


The repair shop of the Crocker-Wheeler 
Company, Ampere, N. J., has been placed in 
charge of Edmund Land, who, for five years, 
held an executive position with the Wheeler 
Condenser and Engineering Company. 

B. Elshoff, for 12 years assistant superintend- 
ent of the Allis-Chalmets-Bullock Company, 
of Cincinnati, and for the past two years super- 
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intendent of the electrical department of the 
Allis-Chalmers Company, of Milwaukee, recently 
severed his connection with the tast-named 
company. Mr. Elshoff may eventually accept 
a position with an eastern firm, but for the 
present will remain in Milwaukee. 

The Keystone Lubricating Company, of 
Philadelphia, claims that the best and most 
economical method of lubricating the guide 
rails of freight and passenger elevators is to use 
a refined high-grade petroleum-oil grease applied 
by a simple compression-cup lubricating device 
carried by the car. Keystone grease is stated 
to be in use for this work in a large number of the 
principal office, warehouse and factory buildings 
in the country. 

The increasing demand for Bird-Archer boiler 
compounds in the Orient has necessitated the 
opening of the following new offices by the Bird- 
Archer Company, of New York: Honolulu, 
J. P. Lynch, 42 Young building; Manila, Lam- 
bert Springer Company, 99 Plaza, Santa Cruz; 
Yokohama, T. M. Laflin, Exchange market; 
Hong Kong, Shanghai and Singapore, United 
Asbestos Oriental Agency, Ltd. All of these 
agents have competent steam engineers to direct 
boiler owners in the proper use of the compounds. 


Walter B. Snow, publicity engineer, 170 
Summer street, Boston, Mass., announces the 
association with his staff of Carl S. Dow, 
engineering department, Harvard University, 
late publicity manager, B. F. Sturtevant Com- 
pany, and formerly in charge of instruction 
and textbook departments, American School 
of Correspondence. Mr. Dow brings to the 
organization a diversified experience, which 
will add materially to the value of the ser- 
vice rendered in all lines of technical pub- 
licity. 


The Public Service Corporation, of New 
Jersey, has recently purchased from. the 
Hewes & Phillips Iron Works, Newark, N. J., 
eight special engines, 1614 inches in diameter 
by 24-inch stroke, to run 175 revolutions per 
minute. They will be direct-connected 
through flexible couplings to blowing appar- 
atus. They are to be used in distributing 
illuminating gas under pressure to the out- 
lying districts of Newark and Jersey City. 
The engines will be arranged with a special 
pressure control, the governors working to 
fractions of ounces. These engines are of the 
heavy-duty tangye type. 


The American Blower Company, of Detroit, 
Mich., has adopted a method of following up 
every engine it ships by means of a blank re- 
port which it forwards to the purchaser, ac- 
companied by a form letter, and followed by 
a “follow-up” letter in case a prompt re- 
sponse is not forthcoming. The report or’ in- 
formation blank asks the customer for in- 
formation concerning the size of engine, for 
what it is used, when installed, the revolu- 
ticns per minute, steam pressure, if oil has 
been added and how often, the quantity of 
oil added each time, and how often and 
where adjustments have been made. By this 
means the company “keeps tabs” regarding 
every engine it sends out. 


In a pamphlet, entitled ‘‘ Automatic Draft 
Control for Steam Boiler Furnaces,’’ the Green 
Fuel Economizer Company, of Matteawan, N. Y., 
describes an appliance recently brought out 
for so regulating the draft of steam boilers that 
the pressure within the firebox shall be at all 
times neutral. To accomplish this, just enough 
pressure is supplied under the grates to force 
the air through the fuel, while enough draft is 
applied in the smoke flue to draw the gases of 
combustion through the boiler. This system 
of draft is thought to have an important bearing 
in connection with the researches which have 
recently been made by the engineers of the 


United States Geological Survey with the object 
of increasing greatly the rate of steam produc- 
tion per square foot of heating surface in steam 
boilers, 
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New Equipment 


The Chickaska (Okla.) Light, Heat and 
Power Company will erect a new power house. 

The Standard Chemical and Oil Compan, 
Troy, Ala., will rebuild its electric-light plan 
recently burned. 


The Merchants Heat and Light Compan, 
Indianapolis, Ind., has secured a site for a ne 
plant, to cost $300,000. 


The Boston Confectionery Company, Can 
bridge, Mass., will install a 200-horsepower xg: 
engine in plant, also other equipment. 

The Greenwich Cold Storage Company, Ne 
York, has been incorporated with $25,000 capit: 
by H. R.Carberry, I. C. Mosher, P. J. McKeen, et 

The Fitzgerald (Ga.) & Ocilla Electric Railwa 
& Power Co. is making arrangements for t 
construction of a power plant on Lake Beatrice. 

The Lytle Creek Power Company, San Ber- 
nardino, Cal., has decided to spend $300,000 
in extending system. Duplicate plant will be 
installed. 

The North Carolina Sanatorium for Treat- 
ment of Tuberculosis, Greensboro, N. C., will 
build power plant to furnish heat, power, water 
and light. 

The Scotia Worsted Company, Woonsocket, 
R. IL, is making preparations to construct a 
new power house. New engine and _ boilers 
will be installed. 

The Springfield (Mass.) Street Railway Com- 
pany is making plans for improvements to cost 
about $80,000, which will include new electrical 
equipment, etc. 

The Thousand Island Electric Light and 
Power Company, Clayton, N. Y., is thinking 
of substituting a gas-producer plant for the 
present steam plant. 





Help Wanted 


Advertisements under this head are in- 
serted for 25 cents per line. About siz words 
make a line. 


WANTED—tThoroughly competent steam 
specialty salesman: one that can _ sell high- 
grade goods. Address “M. M. Co.,” Power. 


AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—Engineer to take charge of 
Western plant. Must have experience with 
Corliss engines and d.c. generators. First- 
class man only. Box 51, Powsrr. 

WANTED—An engineer experienced in de- 
sign and application of electric controlling 
devices for industrial installations. Must 
thoroughly understand latest commercial 
systems and apparatus. No application will 
be given consideration except from engineers 
of established reputation and experience. In 
reply, give references. experience and salary 
expected. Sox 48, POWER. 


Situations Wanted 


Adrertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 

MASTER MECHANIC desires change; prac 
tical machinist of twelve years’ experience; 
West preferred; references. Box 46, Powrr 

SITUATION by chief engineer; can nentic 


turbines, engines, condensers, stokers, 2! 
men, and can get results. References from 


present employers and leading engine build 
ers. Box 47, POWER. 


Miscellaneous 
Advertisements under this head are inserted 
for 25 cents per line. About six words ma 
a line. 

BERNICE PEA COAL for suction gas pP'0 
ducers carries 10% volatile matter and makes 5‘. 
gas per pound of coal. Ask for analysis and 
prices. Charles W. Mooers, Shipper, Elmira, 

PATENTS secured promptly in the Uni nd 
States and foreign countries. Pamphlet ©! 
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|2,500-H. P. Turbines of the ‘‘North Dakota’’ 


Description of the Curtis Marine Type Turbines Built for the First 
American “Dreadnought,” Which Requires a Total of 25,000 H. P. 





The United States battleship ‘North 
Dakota,” now building at the Fore River 
Shipbuilding Company’s works at Quincy, 
Mass., and the first’ of the American 
“drcadnoughts,” is 510 feet long, 85 feet 
beam, draws 27 feet and has a displace- 
ment of 20,000 tons. She has a full speed 
of 21 knots, requiring an aggregate of 
25,000 horsepower which is supplied by 
two Curtis marine reversible turbines 
driving twin screws. The turbines are 











the expansion into a number of stages, 
the lesser velocity which the steam has 
acquired from the lower range of ex- 
pansion can be taken out in each stage 
before it is allowed to expand to the next, 
and the speed of the jets be brought 
down within practical limits by using 
such a number of stages, as in the Rateau, 
that the temperature fall through each 
range, and thus the energy and velocity 
generated, will be small, or by using a 





FIG. I. 


designed to run with 265 pounds gage 
pressure, 50 degrees of superheat and 28 
inches of vacuum. 

The velocity acquired by a jet of steam 
expanding through this range in one 
hound would be some 4300 feet per sec- 
ond, so excessive that it would not be 
Possible to build a turbine the blades 
of which could run at anywhere near 
one-half the speed of the jet, the condi- 
tion of maximum efficiency. By dividing 





TURBINE ASSEMBLED 


fewer number of stages and making the 
jet act successively upon several rows of 
blades in each stage, which is the char- 
acteristic of the Curtis. In Fig. 5, for 
example, the steam is entering the first 
stage from the steam chest at the top 
through the two valves which are open; 
and, expanding in the two left-hand noz- 
zles, acts upon the first row of moving 
blades, which are, however, moving so 
much slower than one-half of the jet 


velocity that they do not take its energy 
all out of it and bring it to rest. It 
therefore passes between the stationary 
blades and is reversed so that it acts upon 
the middle row of moving blades in the 
direction of their movement, where its 
velocity is still farther reduced, and by 
the time the operation has been repeated 
the third time, the steam leaves the dis- 
charge edges of the moving blades at the 
first stage pressure, but with its velocity 





IN BUILDER’S SHOP 


practically all gone. It then acquires new 
velocity by expanding through the sec- 
ond set of nozzles to the second stage, 
where the operation of absorbing the ve- 
locity by successive impact and reversals 
is repeated. Notice that in the diagram, 
the passages for the steam are made 
wider as it gets away from the nozzle. 
This is not because the steam is expand- 
ing, for no expansion takes place in the 
compartment in which the wheel revolves, 
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but because the velocity of the flow is 
decreasing continuously, and larger pas- 
sages are required to pass the same vol- 
ume at the lower velocity. 

An important advantage of this method 
is that steam is not admitted to the shell 
and working parts of the turbine until its 
pressure and temperature have been re- 
duced by expansion in the first set of 
nozzles. Only the steam chest upon the 
front of the turbine case (or the rear 
when reversing) is subjected to the in- 
itial pressure and temperature. 

In the turbines of the “North Dakota” 
the expansion range is divided into nine 
stages, as shown in Fig. 2. Between 
the “ahead” steam chest on the front of 
the turbine and the compartment contain- 
ing the first wheel there are 20 nozzles, 
of which 18 are controlled by sliding 
valves, each operated by a key upon the 
squared head of the protruding stem, as 
shown at A, the motion being communi- 
cated to the valve through bevel gears 
and a screw thread, as the drawing 
shows. No valves are used to control 
the nozzles between the stages, experience 
having proved it an unnecessary refine- 
ment. For continuous running, enough of 
the first-stage nozzles are left open to give 
the required speed and the throttle is 
left wide open, giving initial pressure 
in the steam chest, which is of cast steel 
to give the required strength without ex- 
cessive weight. Manceuvering is done 
with the throttle. In order to avoid ex- 
cessive pressure in the shell, the nozzles 
of the first set are so proportioned as to 
reduce the initial pressure of 265 pounds 
to 75 pounds absolute (60 gage), and the 
resulting velocity is such that four sets 
of running blades with three sets of in- 
termediate reversing blades are required 
in the first stage, while three rows of run- 
ning blades and two of stationary blades 
suffice for the remaining stages. The 
distribution of pressures in normal con- 
tinuous running is as follows: 


Gage. Absolute. 
Steam chest......... 265 280 
Biret stage........... Berroa 75 
Second stage......... | Brie 50 
SPENT CONGO ok ices Se ~asccannen 30 
Fourth stage......... BEN eater cre es 20 
eee i ee reer 11 
eee MANE, i5:/e2 Siandis sas 6 
Seventh stage........ =, | i rear 3.3 
Bighth stage......... ce ee 1.8 
mth e0aee.... 2.2... ag Re ree 1 


The first nozzle is convergent-divergent 
on account of the greater expansion, 
while for the remaining nozzles a parallel 
passage with a convergent approach suf- 
fices for the lower expansion ratios. The 
area through the nozzles is increased pro- 
gressively by increasing both the number 
and cross-section to accommodate the 
greater volume of the expanded steam. 
The 20 nozzles of the first stage occupy 
only about 42 degrees of the circumfer- 
ence. The passages leading to the noz- 
zles of the third stage are shown at the 
top of the circular casting which is stand- 
ing upright at the left in Fig. 3 and which, 
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Ist Stage Wheel 
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FIG. 2. SECTIONAL AND ENB VIEWS OF THE CURTIS TURBINE FOR THE “NORTH DAKOTA” 
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FIG. 3. PARTS OF TURBINE IN SHOP 











FIG. 4. EXHAUST END OF CASING 


is shown in section at B in Fig. 2, the 
head section containing the first three 
stages being in one casting with the joint 
at B. Not until the sixth stage do the 
nozzles extend around the entire circum- 
ference. The exhaust end of the casing 
which occupies the center of Fig. 3 and is 
shown on a larger scale in Fig. 4 has a 
nozzle ring occupying the entire circum- 
ference, this being the ring shown at C 
in Fig. 2. The ring of blading, part of 
which is standing on the casing, is that 
which is shown at D, Fig. 2. Of course 
it is necessary to have stationary inter- 
mediate blades only in front of the noz- 
zles, intersecting the path of the steam 
which they emit. The nozzle blocks, 
which are bolted onto the castings shown 
in Fig. 3, are of Government bronze and 
are shown in Figs. 6 and 7 in the special 
machines which are used for planing them 
out. 

The wheels are made up of disks of 
boiler plate, which are riveted. and 
screwed to cast-steel spiders and rims, as 
shown in Fig. 8, which shows the interior 
of the wheel after one side has been 
covered with the boiler plate. Some of 


a 
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the completed wheels are shown in the 
foreground and elsewhere in Fig. 3. The 
increased area required for the passage 
of the steam through the wheel at the di- 
minishing velocity is obtained by lengthen- 
ing the successive blades, as will be appar- 
ent from the segment of the casing, 
shown in Fig. 9, containing the three 
rows of stationary reversing blades for 
the second reverse stage. 

For reversing, two wheels are used, 
running, when not active, in the vacuum 
at the discharge end of the turbine to 
avoid windage. Efficiency being here 
of littke moment on account of short 
and infrequent use, only nine rows of run- 
ning blades are used, five upon the first 
and four upon the second wheel. 

The inlet pipe is 13 inches in inter- 
nal diameter, while the exhaust outlet is 4 
feet in width by 9 feet in length, having 
thus more than 4o times the area of the 
inlet. 

The blades for the first five stages are 
carried upon wheels running in compart- 
ments divided by steam-tight diaphragms, 
while the last four stages are grouped 
upon a single drum, the difference in 
pressure upon the front and back of 
which, i.e., at E and F, Fig. 2, is used to 
balance the thrust of the propeller. The 
separation of the stages upon the drum is 
effected by bringing the nozzle rings ddd, 
Fig. 2, sufficiently close to the drum to 
prevent leakage. The low-pressure dif- 
ference existing between these stages, 
which will be seen by referring to the 
foregoing table of the pressure distribu- 
tion, and the small amount of steam which 
will pass through a given opening at the 
very much diminished density of these 
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lower stages, make this matter of sepa- 
ration comparatively easy, 

The blades are made from extruded 
stock, furnished to the works by the Coe 
Brass Company, in bars of the required 


Steam Chest 
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and of various 
The bars are cut to the required 
length and finished with a projection upon 
each end, as in Fig. 10. The blades are set 
int> channel bars worked out of the solid 


crescent-shaped section 
sizes. 
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FIG. 5. DIAGRAM OF NOZZLES AND BUCKETS IN CURTIS STEAM TURBINE 








FIG. 6 











TURBINE NOZZLE-PLANING MACHINE 





FIG. 7 
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by special milling machines, with regu- 
larly spaced holes into which the pro- 
jections on the lower ends of the blades 
are set and riveted over as shown in Fig. 
11. The fins of these channel bars are 
then slotted crosswise, as shown in Fig. 
12, in the same way that a carpenter 
Saws a molding which he wishes to bend, 
and the sections of blading are then bent 


to the radius of the drum, which is 
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grooved for their reception, and secured 
by calking the material of the drum into 
grooves cut into their sides, as ‘shown in 
Fig. 11. The shroud, which consists of a 
plain strip of steel punched to receive the 
projections the the 
blade, is then riveted on as shown in Fig. 


on upper ends of 
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FIG. 9. STATIONARY REVERSING BLADES 




















FIG. 12. 


DETAILS OF BLADING 
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FIG. 13. ROTOR IN PLACE IN CASING 


FIG. I4. ROTOR, SHOWING REVERSE WHEELS 
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15, where the first row is shown with the 
shrouding yet to be put on. The parts de- 
tached and assembled are shown in Fig. 
12. Fig. 13 shows the rotor completely 
bladed and in position in the lower half 
of the casing. The first stage, with 
four rows of moving buckets, is at the 
right, then the four stages with three rows 
of blades each, then the drum with the 12 
rows of the last four stages, and beyond 
these, at the extreme left, the reversing 
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The inward projections of the 
casing between the wheels, which show 
plainly in this view, are grooved to re- 
ceive the diaphragms as shown in Fig. 2. 

The diaphragms are made of boiler 
steel varying from three-quarters of an 
inch in thickness at the first stage to 
three-eighths at the division between the 
fifth stage and the drum. These are riv- 
eted onto cast-steel rings mortised into the 
Projections of the casing, as just men- 
tioned, at their outer edges and to cast- 
steel rings surrounding the shaft and 
carrying the packing rings at their inner 
edges. The details of the packing rings 
ere shown in Fig. 16. To the cast-steel 
block A bolted to the inner edge of the 
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dished diaphragm is bolted a bronze cast- 
ing B carrying upon one end the rings 
of the labyrinth packing. Sufficient clear- 
ance is allowed between A and B to per- 
mit B to expand freely should the free 
end become heated from the contact of 
the rings. This construction has proved 
a complete remedy for interstage packing 
troubles. 

Fig. 14 is a view of the rotor from the 
low-pressure end, the short blades of the 
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1.68 and those of the final row 12 inches 
in length. There are altogether about 
21,000 moving buckets in the ahead stages, 
the rotor weighs complete about 61 tons 
and the complete turbine without auxili- 
aries weighs some 180 tons. 

The concentric rings at the extreme 
right in Fig. 13 are those of the thrust 
bearing. Since the pressure is the same 
throughout the compartment of any one 
stage, there is no tendency of the steam 
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17. UPPER HALF OF EXHAUST END OF CASING 
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high-pressure end of the reversing ele- 
ment being immediately in front, the long 
blades of the final wheel of the ahead tur- 
bine in the middle and the short blades 
of the initial stage at the far end. The 
wheels of the first five stages are 12 
feet in diameter to the central line of the 
blading (see Fig. 2) and at the rated 
speed of 245 revolutions per minute have 
a velocity on the pitch line of 154 feet per 
second. The blades of the first row are 


18. LOWER HALF OF EXHAUST END OF CASING 


to leak over the tops of the blades and 
therefore no necessity of keeping the 
clearance close radially. As constructed, 
this clearance varies from % of an inch 
to 2 inches, depending upon the proximity 
of the stationary blade holders, as shown 
in Fig. 2. The longitudinal clearance, 
the distance between the stationary and 
running blades, must be kept within limits 
to prevent the dissipation of the energy 
of the jets in eddy currents, just as a 
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wheel revolving submerged in a body of 
water and actuated by a water jet enter- 
ing beneath the surface would have to be 
placed close to the entering jet to get the 
full benefit of its velocity before it was 
dissipated in stirring the other water. 
For this reason, the axial clearance is 
kept down to 1/1o of an inch on the first 
wheel and to % of an inch on the last. 
The thrust block serves to maintain these 
clearances, and is properly placed at the 
high-pressure end where they are the 
smallest, allowing whatever movement 
may occur by differences of temperature 
or mechanical effects to take place in 
the wider spaces at the more distant 
blades. 

Drain pipes connect each stage with 
the next so that the condensed steam in 
any stage will pass to the next one of 
lower pressure and there give up a part 
of its heat to useful work. The exhaust 
chamber drains to the condenser and the 
discharge is assisted by a small steam- 
operated ejector. 

Where the shaft passes out through the 
ends of the casing, it is provided with 
carbon stuffing boxes which prevent steam 
leaking out at the head end or air leak- 
ing in at the back end where a vacuum 
exists. The rear stuffing boxes are sup- 
plied with boiler steam in the spaces be- 
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Fig. 18 shows the lower half of the same 
section of the casing. Fig. 1 shows the 
starboard turbine assembled. The capped 
projections at AA are openings or peep- 
holes into the several compartments. 
Through the sockets BB extend vertical 
rods or stanchions to guide the upper 
case when it is lifted from the lower. 





Should the High or Low Pressure 
Cylinder be the Vertical in 
an Angle Compound ? 





The Greenwich station of the London 
County Council Tramway has four angle- 
compound reciprocating engines of the 
Manhattan type, with the exception that 
instead of running the low-pressure cyl- 
inder vertically, as is done at the Man- 
hattan station, and generally in America. 
the low-pressure cylinder is placed hori- 
zontally at the floor level, and the high- 
pressure cylinder run vertically in the ele- 
vated position. The leading thought in 
the American practice is to take the 
weight of the heavy low-pressure piston 
off of the cylinder. The engines, which 
were built by John Musgrave & Sons. 
Ltd., are mentioned by John Hall Rider 
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water, and, therefore, the drainage, is 
progressively downward in the case of 
the English engine, and upward, with the 
opportunity for forming pockets, in the 
case of the American engine. There is an 
advantage for the American engine be- 
sides the favorable position of the low- 
pressure piston, which these sketches do 
not show, and that is, that if the con- 
denser is placed on the level of the low- 
pressure cylinder sufficient hight will be 
available to drop the water out of it 
through a barometric tube. The per- 
formance of these engines, which are 
coupled to 3500-kilowatt generators, is as 
follows : 








Full Load. |Half Load. 
Duration of test....... 6 hours 3 hours 
Average steam pressure 
at stop valves....... 180 lb. 181 lb. 
Average steam tempera- 
ture at stop valves... 460° F. 446° F. 
Average revolutions per 
Serre 94.46 94.81 
Mean total indicated 
horsepower .....°.. 5,315 2,622.9 
Mean total kilowatts. .. 3,494 1,780 
Total water from all 
Sea 353,909 Ib. | 89,049 Ib. 
Average weight of water 
eae 58,984 lb. | 29,683 Ib. 
Water per indicated 
horsepower per hour.| 11.098 lb. | 11.31 Ib. 
Water per kilowatt per 
| SIRO Rae: 16.88 lb. | 16.67 lb. 
TIS. a.0 civ, 9-6 Siete cus 26.74 in. 26.8 in. 










































































IMPERFECT DRAINAGE SYSTEM OF AMERICAN ENGINE 


tween the carbon packing to prevent air 
leaking in and lowering the vacuum, and 
are drained to the fourth-stage compart- 
ment. 

Fig. 17 is a view of the upper half of the 
exhaust end of the casing, showing in 
front the two rows of stationary blading 
ee in Fig. 2 and farther back the station- 
ary blading for the reverse elements. The 
long straight flange on top is that of the 
discharge passage for the exhaust steam. 

















in a paper upon the “Electrical System 
of the London County Council Tram- 
ways,” recently presented before the In- 


stitution of Electrical Engineers, as of, 


particular interest from the fact that they 
are the first of this angle-compound type 
to be installed in the United Kingdom. 
The weight of the low-pressure piston is 
partially carried by a tail rod, and Mr. 
Rider gives the accompanying diagrams 
to show that the course of the steam and 


NATURAL DRAINAGE OF RECIPROCATING 
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The 5000-kilowatt Parsons turbines are 
guaranteed by Willans & Robinson, Ltd., 
their builder, to run on 15 pounds per 
kilowatt-hour, with steam at 180 pounds 
pressure, superheated to 550 degrees 
Fahrenheit and a 95 per cent. vacuum. 
No bonus is offered for better results 
than this, but a penalty will be incurred 
if the results are worse. The British 
Westinghouse Company is to furnish. ‘two 
Rateau turbines of the same capacity. 
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Large Gas Engines for Electric Stations’ 


Relative Merits of Internal- and External-Combustion Engines; Com- 
parison of the Costs of Generating Power under Conditions Assumed 





BY L. ANDREWS AND R. 


Hitherto the use of large gas engines 
has been chiefly confined to iron and steel 
works, where they are run on blast-fur- 
nace and other waste gases for driving 
blowing engines and generating electric 
power, which is used for rolling mills, etc., 
in the works, the surplus power being sold 
at a very low rate for municipal lighting 
and tramway loads, and for industrial 
works in the neighborhood. 

In Germany the manufacture of large 
gas engines is an established industry on 
a large scale. Even in 1906 out of 49 
smelting works 41 had either installed gas 
engines or had placed orders for them, 
the engines actually installed at that time 
aggregating over 295,000 horsepower. 
While there have been a few blast-furnace 
gas-engine installations working in this 
country for some years, the engines used 
have been mainly limited to capacities of 
from 300 to 500 brake horsepower. 

The use of large gas engines for driving 
electric generators is a subject that is also 
receiving considerable attention in the 
United States. A few months ago the 
National Electric Light Association ap- 
pointed a special committee to report on 
the use of large gas engines for driving 
electric generators, and the report was 
presented to the association at its con- 
vention held in Chicago last May. [This 
report was abstracted in Power AND THE 
ENGINEER for June 9, 1908.—EpiTors. ] 

While the authors believe that there is 
an important field for the use of large 
gas engines for driving electric genera- 
tors, they do not consider that there is at 
present justification for the suggestion 
that has been made that the internal-com- 
bustion engine will, in the early future, be 
used to the exclusion of the external-com- 
bustion engine. 

The situation, as far as present knowl- 
edge goes, may be briefly summarized as 
follows: 

The internal-combustion engine is very 
much more economical than any external- 
combustion engine yet known. 

The capital cost of a gas engine and 
producer installation is greater than that 
of a steam turbine and boiler installation 
of equivalent maximum capacity. 

There is no material difference in the 
reliability nor in the cost of labor, stores 
and repairs of the respective systems. 

In cases, therefore, where the cost of 





*Abstract of a paper read before the Man- 
chester Section of the Institution of Elec- 
trical Engineers of Great Britain. 


fuel is low, and the load factor is low, 
it will generally be a mistake to use gas 
engines. 

On the other hand, where the load fac- 
tor is high, or the cost of fuel is high, 
there can be no doubt that gas engines 
will prove to be by far the cheapest prime 
movers to employ for driving electric 
generators. 

The majority of cases to be dealt with 
will doubtless fall between these two ex- 
tremes, and engineers responsible for the 
design of future power houses will have 
many points to consider before definitely 
deciding whether the prime movers for 
the electric generators shall be steam- or 
gas-driven, or a combination of the two. 
As the conditions which go to determine 
whether gas engines should, or should 
not, be used are in most cases so widely 
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different from the conditions under which 
experience has, up to the present, been 
obtained, it is extremely difficult for engi- 
neers to utilize the available knowledge 
upon the subject to the best advantage. 
We have, therefore, endeavored to collect 
facts from a large number of different 
sources, and to apply the information ob- 
tained to one or two hypothetical electric- 
supply stations as nearly comparable as 
possible with many of the existing supply 
stations in different parts of the country. 
For comparative purposes we have en- 
deavored to show what would be the re- 
spective total cost of generating power by 
steam turbines and by gas-driven gener- 
ators under the assumed conditions speci- 
fied. 

For the first scheme to be considered we 
have assumed that the estimated maximum 
load to be dealt with shall be 8000 kilo- 
watts. 

That the overload and standby capacity 
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of the plant shall be such as to carry the 
maximum load of 8000 kilowatts for at 
least two hours, should any portion of the 
plant break down at the time when one 
unit is already laid off for overhaul. 

That the power generated is utilized 
for public and private lighting, and that 
for a tramway and general industrial 
motor load the load factor is 24 per cent. 
and the efficiency of distribution 





energy sold X 100 
| energy generated 
equals 80 per cent., and that the mean 
daily load curve is approximately of the 
shape shown in Fig. 1. 

That the cost of good bituminous slack, 
having a calorific value of 13,000 B.t.u. per 
pound, is 12 shillings per ton delivered 
at the generating station. 


CHOICE OF SITE 


The points to be considered in selecting 
a site for a gas-driven station are prac- 
tically the same as for a steam-driven 
(a) A plentiful supply of 
water for cooling purposes. (b) Trans- 
port of fuel. (c) Suitability of site rela- 
tively to position of center of distributing 
area, as affecting cost of feeders. (d) 
Liability of nuisance to adjoining property. 
(e) Cheapness of land. (f) Cost of 
constructing foundations for plant, build- 
ings and chimneys. 

In choosing a site for a steam-turbine 
station it is often good policy to sacrifice 
other advantages in order to get a site 
with a plentiful supply of cold water for 
condensing purposes. This advantage has 
usually, however, to be heavily paid for. 
As the latitude in the choice of a site is 
very limited, the cost of land will probably 
be very much greater. The cost of foun- 
dations will also generally be greater, 
added to which the right of using the 
water will generally have to be paid for; 
and, finally, it is more than probable that 
the site available will not be a good one 
from the point of view which American 
engineers term “the electrical center of 
gravity’—that is to say, the cost of feed- 
ers will probably be much greater than if 
a more central position were selected. It 
is consequently often very much cheaper, 
on the whole, to install cooling towers for 
condensing purposes. Inasmuch as it is 
impossible to estimate the cost of ob- 
taining a site with a plentiful water sup- 
ply, as this will vary largely in every case, 
we have based our comparisons upon the 
assumption that cooling towers will be 


station, viz: 
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used in conjunction with a public water 
supply. 
We assume that a convenient piece of 
land has been secured, bounded on one 
side by a railway track and on the other 
side by a roadway, the width of the land 
being 325 feet, and the length being ample 
to allow for all probable future exten- 
sions. A convenient layout for the steam 
plant will be that shown in Figs. 2 and 3. 
Figs. 4 and 5 show a corresponding lay- 
out for the gas plant. (We have shown 
natural-draft cooling of the usual dimen- 
sions in Figs. 2 and 4, but since these 
plans were made we have been advised by 
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and each turbine exhausting into a separ- 
ate contraflow surface condenser placed 
directly below the turbines; that the cool- 
ing water would be obtained from a 
town supply and circulated by electrical- 
ly driven centrifugal pumps through nat- 
ural-draft cooling towers, a separate pump 
being installed for each unit. 

For the gas plant we have assumed 
engines of the slow-speed double-acting 
tandem type, working on the four-stroke 
cycle and direct-coupled to three-phase 
generators; the flywheel to overhang. The 
cooling water for the engines, as in the 
case of the steam plant, would be ob- 
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five units, each having a normal capacity 
of 2000 kilowatts, with an overload ca- 
pacity for two hours of 33% per cent. 
In the event of two units being laid off 
simultaneously, the remaining three would 
then be capable of supplying the maxi- 
mum demand for a period of two hours 
as specified. 

The output of gas-engine units is, 
at present, limited to about 1500 brake 
horsepower per cylinder, this being the 
largest size that has yet been made. The 
arguments against the use of very large 
steam units for the hypothetical case 
under consideration also apply to gas 
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the Midland Engineering Company that 
its Zylberlast cooling towers occupy only 
two-thirds of the space shown for 
the same capacity. If, therefore, these 
towers were used, the space occupied by 
the cooling towers for both steam and gas 
plants would be reduced by this extent.) 
Either layout provides ample yard-space 
room for cables, stores, etc., without en- 
croaching on the ground available for 
future extensions. 


Type oF GENERATING PLANT 
For the steam plant we have assumed 
steam turbines of the horizontal type 
direct-coupled to three-phase generators 


2. PLAN OF 10,000-KILOWATT STEAM PLANT 


tained from a town supply and circulated 
by means of small piston pumps driven 
from the engine shafts, the water being 
cooled in natural-draft cooling towers. 


CAPACITY OF GENERATOR UNITS 


Experience has shown that large units 
in steam plants are considerably more 
economical, both in first cost and run- 
ning cost, than smaller units, and as 
they can at present be obtained in much 
larger sizes than gas engines, they have, 
in some cases, a considerable advantage 
in this respect. For a maximum output 
of 8000 kilowatts, it appears that the 
most economical arrangement would be 
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units. In fact, for the gas scheme it 
does not appear to be advisable to use 
even such large units as 2000 kilowatts 
because the overload capacity of gas en- 
gines is only 10 or 12 per cent., and con- 
sequently three 2000-kilowatt plants would 
be able to deal only with a maximum de- 
mand of from 6600 to 6700 kilowatts; six 
units of this capacity would, therefore, 
be required to deal with the specified 
maximum demand and provision for 
standby. A more economical installation 
would be seven units each having a nor- 
mal capacity of 1450 kilowatts and a max- 
imum capacity of 1600 kilowatts. With 


such an installation if two generators 

















we te Se Sel Ue 


May 25, 1909. 


were laid off simultaneously the remain- 
ing generators would be able to deal with 
the full maximum demand of 8000 kilo- 
watts for two hours, as specified. 

In Fig. 6 are presented curves show- 
ing the approximate capital cost of en- 
gines and generators erected complete 
with pipework, foundations and flywheels 
necessary for the above-specified cyclic 
regularity for both single and twin tan- 
dem engines of outputs varying from 500 
to 5000 brake horsepower. A curve is 
also plotted showing the corresponding 
capital charges for an equivalent out- 
put generated by a number of 500-horse- 
power units in parallel. These curves 
show that the capital cost of a twin 
tandem unit is appreciably higher than 
a single tandem unit of the same out- 
put. The cost of fuel, oi] and repairs 
will be slightly higher for the twin tan- 
dem combination, though not appreciably 
so. The cost of driver’s wages for the 
twin tandem will be practically double 
that of the single tandem set, as ex- 
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pumps and exciters, would be 20 pounds 
per kilowatt-hour generated. We have, 
therefore, provided for four 10,000-pound 
boilers for each 2000-kilowatt turbine. In 
order to keep the boiler house about the 
same length as the engine room we have 
provided two rows of ten boilers, grouped 
in five batteries of four boilers. An econo- 
mizer is provided for each boiler. 


PRODUCERS 

From inquiries made in Germany and 
the United States, it would appear that 
large producers for gasifying bituminous 
coal have not been entirely satisfactory in 
either of these countries. This is, per- 
haps, partly accounted for by the fact 
that the class of coal available in both 
these countries contains a far greater per- 
centage of ash and is much more liable 
to clinker than the bituminous coal avail- 
able here. Whatever the cause may 
be, the fact remains that there are num- 
bers of bituminous producer installations 
in this country working satisfactorily in 
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FIG. 3. ELEVATION OF 10,000-KILOWATT STEAM PLANT 


perience has shown that one engine driver 
is required for each line of engines, what- 
ever the output of the engine. These 
remarks apply to cases where the total 
maximum demand is insufficient to justify 
the use of larger units than can be ob- 
tained in single tandem sets, as in the 
assumed case. From the foregoing, it 
appears that for the conditions under 
discussion a single tandem engine is the 
best type. 


BorLers FOR STEAM PLANT 


We have assumed that boilers of the 
water-tube type would be used for the 
steam plant, fitted with self-contained 
superheaters and automatic stokers, and 
that these boilers would be grouped into 
units corresponding to the output of the 
turbo-generators, the normal capacity of 
each. battery of boilers being equal to 
that of the normal output of its turbo- 
generator. In calculating the boiler capac- 
ity we have assumed that the steam con- 
sumption of the turbines under working 
conditions, including the steam for feed 


conjunction with large gas engines. One 
firm of English producer makers alone 
has in service plants supplying gas to 
large engines having an aggregate out- 
put of over 90,000 brake horsepower. 
From information obtained from users, 
it appears that these producers are 
giving entire satisfaction. Difficulties were 
experienced in the early days in the re- 
moval of tar, dust and other impurities, 
but the efficient cleaning appliances now 
included in every properly constructed 
producer plant appear to have either 
eliminated these difficulties or reduced 
them to such an extent that the percent- 
age of impurities carried into the engine 
with the gas has no deleterious effect. 
Difficulties arising from variations in 
the quality of the gas caused by charging 
or clinkering the producers practically dis- 
appear when a number of producers are 
connected together to feed into a common 
main or common _ receiver where the 
gases from the various producers are 
mixed together, and the effect of any 
variation in the quality of the gas from 
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individual producers is thereby neutra- 
lized. To derive the full benefit of this 
feature the producer plant should not be 
divided into units corresponding to the 
generator units, as has been recommended 
for steam boilers. 


AMMONIA RECOVERY 


A very important point to be considered 
in designing a gas-engine station is that 
of providing for the recovery of sul- 
phate of ammonia. There are numbers 
of recovery plants that have been working 
for some years where the sale of the 
by-product has almost equalled the cost 
of the fuel used. Results obtained have 
been so entirely satisfactory that one 
is at first sight tempted to think it must 
pay to provide for sulphate of ammonia 
recovery in every instance. There are, 
however, many expenses incidental to the 
recovery of sulphate of ammonia in ad- 
dition to the fuel. 

The following points must be taken in- 
to consideration as affecting the use of 
ammonia-recovery plants: (1) The first 
cost of the recovery plant, particularly 
for small sizes, is very much greater than 
the first cost of nonrecovery plant. (2) 
Considerable extra labor is involved in 
operating the plant. (3) The purchase of 
sulphuric acid, of which approximately 1 
ton is required for every ton of sulphate 
of ammonia turned out, is quite a heavy 
item. (4) The yield of heat units per ton 
of coal is slightly less if sulphate of 
ammonia is recovered than the yield from 
nonrecovery plants. (5) The extra cost 
of repairs and the cost of handling and 
packing the by-product absorbed some of 
the profits effected by the recovery process. 

Experience up to the present, appears 
to indicate that it is not worth while to 
attempt to recover sulphate of ammonia 
unless the total output of the plant is 
greater than 2000 horsepower, and then 
only on an exceedingly good load factor. 
For a maximum output of 8000 kilowatts 
it would probably pay to install an am- 
monia-recovery plant, even for so poor 
a load factor as 24 per cent. An even 
more profttable arrangement, however, 
would be to provide for ammonia re- 
covery on one portion of the plant, which 
could be kept working at a very high 
load factor almost continuously, and to 
use nonrecovery equipment for dealing 
with the peak load and remaining portion 
of the total output. For the particular 
conditions now under discussion § the 
Power Gas Corporation (to which we 
are indebted for this suggestion) recom- 
mends the use of eight producers, of 
which only four would be equipped for 
ammonia recovery. 


CoaL HANDLING AND STORING 


For both the steam and gas plants we 
have assumed that coal bunkers will be 
provided capable of carrying a fortnight’s 
consumption of fuel under mean load con- 
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ditions. In the case of the steam plant 
we have assumed that the coal bunkers 
would be placed over the firing floor of 
the boilers. These bunkers would have 
a capacity of 1500 tons. In the case 
of the gas plant the coal would be stored 
in bunkers placed on the ground at the 
back of, and parallel with, the producers. 
It would be unloaded by hand from the 
railway trucks on the elevated siding at 
the back of the bunkers, from which it 
would gravitate into the coal-conveyer 
buckets and be hoisted by these into the 
hoppers over the producers. These hop- 
pers would be of sufficient capacity to 
carry 24 lrours’ supply under mean load 
conditions. The ashes raked out from be- 


POWER AND THE ENGINEER. 


is very small compared with the cost of 
boiler foundations, flues, chimneys, etc. 
The total cost of buildings amounts to 
considerably less, therefore, for the gas 
station than for the steam station. We 
have based our estimate of the cost of 
buildings for the gas-driven plant upon 
tenders actually received. The price cov- 
ers a substantial steel-frame building with 
brick walls, lined internally with a glazed 
brick dado 6 feet high and with tiled 
engine-room floor. We have included 
suitable store, workshop and office ac- 
commodation in each case. 


Excitinc PLAnt, SwitcH GEAR, ETc. 
We have assumed that for both the 
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by boilers heated by the exhaust gases 
from the main engines. 

The switch gear would be of the re- 
mote-control type, the oil-break switches 
being placed in a switch room running 
the length of the engine room. 

The capital cost of the switch gear 
for the gas plant will be somewhat higher 
than for the steam plant, as two addi- 
tional generator panels and connections 
will be required. 


CAPITAL OUTLAY 


The total capital cost of the respective 
steam and gas plants for the specified 
maximum load of 8000 kilowatts will, we 
estimate, be as stated in Table 1 
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low the producers would also be lifted 
by the same conveyer into the ash hopper 
provided for the purpose. A _ sectional 
elevation of one of the producers with the 
coal- and ash-handling arrangements used 
is shown in Fig. 7. 


BUILDING AND FouNDATIONS 


The cost of the engine room and en- 
gine foundations for the gas-driven plant 
is, of course, considerably greater than 
that of the steam plant, but no building 
is required for the producers (beyond 
small boiler and sulphate houses) and the 
cost of the foundations for the producers 


FIG. 4. PLAN OF 10,000-KILOWATT GAS PLANT 


steam plant and the gas plant the field 
circuits of the generators would be ex- 
cited from busbars fed by two steam- 
driven exciters, each capable of gener- 
ating the whole of the exciting current 
required on full load. The exciters would 
be supplemented by a battery capable of 
maintaining the full field current required 
for a period of 24 hours. 

In the case of the gas plant the steam 
for the exciters would be furnished by 
one of the small coal- or tar-fired boilers 
installed for this purpose. The exhaust 
steam from the exciter engines would be 
used in the producers, any additional 
steam required by the latter being raised 
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TABLE 1. COST OF GENERATING 


STATIONS. 
STEAM PLANT. 


5 2000-kilowatt turbo-generators, erect- 


rarer £39,500 
5 surface condensers with air and circu- 
PIII pais 9:2 :aisie hneraie siaveresecaus 9,875 
Pe eee eee 1,200 
Cooling towers erected complete....... 6,900 
20 water-tube boilers erected complete 
with mechanical stokers, economizers, 
superheaters, feed pumps, water-ser- 
vice tank and feed tank, water-soften- 
ing plant and all pipe work......... 31,300 
Buildings with engine and boiler founda- 
tions, 2 chimneys and flues......... 33,600 
Overhead traveling crame............. 1,000 
Steel structural work, coal bunkers, coal 
and ash conveying plant............ 8,900 
Exciters, battery, switch gear and con- 
nections to generator............... 7,250 
£139,525 


Or £13.952 per kilowatt installed. 
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Gas PLANT. 


7 1450-kilowatt gas engines, generators, 
air compressors, gas, water, air and ex- 
haust pipes and all auxiliaries erected 
A ree £ 98,000 
4 ammonia-recovery producers, erected 
complete with superheaters, blowers, 
cooling and washing towers, centrif- 
ugal cleaners, scrubbers, ammonia 


absorber and all pipe work......... 18,490 
Duplicate blower, washer and centrif- 
eae ea 3,780 
4 non-recovery producers with necessary 
SNES ars. a eens boas os ieee 10,340 
Steam-raising plant, economizers, feed 
Se ere renrerire ee 4,850 
Water-cooling towers, pumps and water 
ai bnn ek Sara aie mciun aos GA wre 1,990 
Buildings and foundations, etc........ 24,275 
Overhead traveling crane............. 1,250 
Steel structural work, coal bunkers, coal 
and ash conveying plant............ 6,150 
Exciters, battery, switch gear and con- 
nections to generators.............. 7,750 
£176,875 


Or £17 .687 per kilowatt installed. 
RUNNING Cost 


The fuel consumption of a gas plant, 
as of a steam plant, is dependent upon at 
least four important factors: The actual 
output; the no-load losses, which include 
friction, windage and electrical losses in- 


- curred in running the generator on open 


circuit, together with all power required 
for exciters, pumps, and other auxiliaries ; 
the standby losses of boilers or producers, 
and the ratio of the actual ascertained 
fuel consumption under day by day work- 
ing conditions to the theoretical consump- 
tion based upon the test results, which 
we will term the “discrepancy factor.” 
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5. ELEVATION OF 10,000-KILOWATT GAS PLANT 


The steam- and fuel-consumption curves 
shown in Fig. 8 have been plotted from 
a number of published tests of steam 
turbines and gas engines of different 
sizes. The ordinates above the zero line 
represent the steam and fuel utilized for 
the actual generation of electric power 
and those below indicate the fuel required 
per hour to run the generators at full 
voltage on open circuit. The former are 
approximately proportional to the units 
generated and are practically independent 
of the hours the plant is run, whereas 
the latter are approximately directly pro- 
portional to the hours the plant is run and 
are not appreciably affected by the units 
generated. It will be noted that the slope 
of the “consumption per unit generated” 
curves of steam turbines gradually de- 
creases as the output of the plant is in- 
creased, whereas the corresponding curve 
of gas-driven generators is constant for 
all outputs. Various tests on gas engines 
of outputs ranging from 500 to 5000 brake 
horsepower show that the actual consump- 
tion of fuel per unit generated exclusive 
of no-load losses is approximately 1 
pound per kilowatt-hour for any output 
from no load to full load. 

The 6000-kilowatt steam turbine curve 
is plotted from the recently published 
tests of a 6000-kilowatt turbo-generator 
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at Manchester. The total steam consump- 
tion at full load was 95,000 pounds, or 
15.9 pounds per kilowatt-hour generated 
exclusive of steam for exciter and auxili- 
aries. The characteristic of the steam- 
consumption curve at lighter loads ap- 
pears to indicate that the no-load con- 
sumption of the plant would be approxi- 
mately 15,000 pounds of steam per hour. 
We have, therefore, plotted the no-load 
consumption of 15,000 pounds below the 
zero line, and the balance of 80,000 above 
the zero line, which gives a steam con- 
sumption per actual kilowatt-hour gen- 
erated of 13.4 pounds. To the no-load 
ordinates below the zero line we have 
added the estimated steam consumption 
of exciters, air and circulating pumps, 
feed pumps and all other auxiliaries, 
which are taken at 6 per cent. of the 
total full-load steam consumption, and 
from this second curve we are able to 
ascertain the no-load losses of any size of 
plant. The corresponding curve showing 
the no-load losses of gas engines with all 
auxiliaries is also plotted below the zero 
line. 

The standby loss, through radiation of 
heat from boilers and steam pipes, and 
by leakage of cold air through the brick- 
work of boilers, is a very heavy item 
in all steam-driven  electric-generating 
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FIG. 7 
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Stations, as the conditions of load are 
generally such that the majority of the 
boilers are banked for many hours every 
day. Collings Bishop, of Newport, found 
that two boilers, each rated for an evapor- 
ation of 10,000 pounds per hour, require 
224 pounds of coal per hour for banking 
= 11.2 pounds of coal per hour per 1000 
pounds of steam. As four such boilers 
are required for each 2000-kilowatt unit 
in connection with the steam-turbine. sta- 
tion on which we have based our cal- 
culations, the coal for banking these boil- 
ers will be at least 448 pounds per hour 
per plant unit. 

The fuel required for banking produc- 
ers is only a small fraction of that re- 
quired for banking boilers. The standby 
losses of the producers for the scheme 
under consideration are guaranteed not 
to exceed 50 pounds per hour per pro- 
ducer. 


DIscREPANCY FAcToR 

It is difficult if not impossible to keep 
this factor within reasonable limits, by 
reason of variations in the quality of 
the fuel supplied; fuel utilized in heat- 
ing up cold boilers; the gradual fouling 
of boiler tubes, condenser tubes, etc., be- 
tween cleaning periods; errors of judg- 
ment as to the correct time for running 
up and shutting down plant units, and 
other seemingly small details. For both 
the steam plant and the gas plant we 
have added 25 per cent. to the ascer- 
tained fuel consumption under test con- 
ditions to cover this factor. 

For a maximum demand of 8000 kilo- 
-watts a load factor of 24 per cent. and 
a distribution efficiency of 80 per cent., 
the kilowatt-hours generated per annum 
will be 21,000,000. From Fig. 8, the steam 
consumption of a 2000-kilowatt turbo- 
alternator per  kilowatt-hour is 15.5 
pounds, or, assuming an evaporation of 
8 to 1, 1.94 pounds of coal. The chart 
also shows that the no-load consumption 
for a plant of this size amounts to goo 
pounds per hour. 

Fig. 9 indicates the average hours the 
respective plant units would be required 
each day to deal with the assumed load 
curve. The minimum total engine hours 
would be 35 hours per day, or 12,800 
hours per annum, and the banked boiler 
hours would be 45 hours per day, or 16,- 
800 hours per annum. The total annual 
coal consumption for the steam turbines 
will therefore be as follows: 


Tons. 
21,000,000 kilowatt-hours at 1.94 
Cp SS a 18,170 
12,800 engine hours at 900 pounds... 5,140 
16,800 banked boiler hours at 448 
BENE Sarre ois Visrscecereiacsie es ork ote 3,330 
26,640 
Discrepancy factor (1.25)........ 1.25 
NN ilar sh og tata cece, egieieaica 33,300 


= 3.55 pounds per kilowatt-hour generated. 
Gane thermodynamic efficiency = 7.4 per 
cent. 


For the gas station, Fig. 8 shows that 
the no-load consumption of a 1500-kilo- 
watt gas plant amount to 800 pounds of 
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coal per hour, and the useful output 
consumption to 1 pound per kilowatt-hour 
generated. Fig. 10 shows the minimum 
average engine hours per day for the gas 
plant and the average hours per day 
the producers would be banked. It ap- 
pears from this that the total engine 
hours would be 17,450 hours per annum, 
and banked producer hours would be 
35,000 hours per annum. The total coal 
consumption for the gas plant will there- 
fore be as follows: 
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It is estimated that approximately 71 
per cent. or 14,580 tons of the total coal 
consumption would be gasified in the am- 
monia producers and would yield at least 
586 tons of sulphate of ammonia.  Esti- 
mating the value of this at £11 per ton, 
which is considerably less than its present 
market value, the sale of this by-product 
would yield £6446 per annum. One ton 
of sulphuric acid, costing 30s. per ton, 
is required for each ton of sulphate of 
ammonia, and the cost of bags for packing 
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= 2.18 pounds per kilowatt-hour generated. 


Overall thermodynamic efficiency = 12 per 
cent.* 





*Since these estimates were prepared, we have 
obtained actual fuel consumption results, taken 
Over a considerable period, at a number of modern 
steam and gas installations, which show an 
actual average thermal efficiency for the steam 
stations of 6.7 per cent., or 10 per cent. less than 


our estimate based on theoretical conclusions; 
whereas the actual gas installations show a 
mean efficiency of 13.9 per cent., or 10 per cent. 
greater than our estimate (see table 3). 


Ort, WASTE AND STORES 


The cost of oil for the steam-turbine 
plant is estimated at 0.003d. per kilowatt- 
hour generated. This figure, which, it is 
thought, is considerably below the aver- 
age oil consumption in steam-turbine gen- 
erating stations, is based upon a figure 
given in the paper by Parsons, Stoney 
and Martin on “Steam Turbines.” The 
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oil consumption for large gas-driven gen- 
erators is stated, by different authorities, 
to be from 0.2 to 0.37 gallon per 1000 
horsepower-hours, the average cost of the 
oil used being 1s. 6d. per gallon. Taking 
the higher figure, the oil consumption per 
plant unit will be 0.74 gallon per hour, 
costing £970 per annum. The cost of the 
oil for the auxiliaries is estimated at £200 
per annum. Total £1170 per annum. 

The cost of waste and engine-room 
stores is estimated at 0.002d. per kilowatt- 
hour generated for both the steam plant 
and for the gas plant, thus bringing the 
total cost of oil, waste and stores to 
£438 for the steam plant, or o.oo5d. per 
unit, and to £1345 for the gas plant, or 
0.0154d. per unit.* 


WATER 
Each steam unit requires 288,000 gal- 
lons of condensing water per hour, of 
which it is estimated 3 per cent. will be 
evaporated from the cooling towers. The 
water evaporation will therefore be 8640 
gallons per hour X 12,800 engine hours = 
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FIG. 9 


110,500 thousand gallons per annum; at 
6d. per thousand gallons, this will cost 
£2760 per annum. 

The cooling water required for the gas 
engines would be about 12 gallons per 
kilowatt-hour of output; each 1500-kilo- 
watt plant will therefore require 18,000 
gallons per hour. Again assuming an 
evaporation of 3 per cent., the water 
evaporated from the engine cooling tow- 
ers will be 540 gallons per engine hour X 
17,450 engine hours = 9500 thousand gal- 
lons per annum. The water consumption 
for the producers is estimated at 35,000 
gallons per day = 12,700 thousand gallons 
per annum. The total water for the gas 
plant will therefore be 22,200 thousand 
gallons at 6d. per 1000 = £555. 


LABOR 


The labor charges are estimated as fol- 
lows: 





*The cost of oil, waste and stores for the 
gas-engine plant at the Seraing works of 
John Cockrill & Co., is stated to be 0.013d. 
per kilowatt-hour generated, the output of the 
plant being 24,000,000 kilowatt-hours per 
annum. 
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STEAM PLANT 


th 
n 


3 operating engineers at £3 per week. 9 
3 switchboard attendants at 30s. per 
a ere ree 4 
4 assistant engineers at 35s. per week 7 O 
4 oilers and cleaners at 28s. per week. 5 
3 firemen at 35s. per week.......... 5 
9 boiler house and auxiliary plant 
hands (including labor for cleaning 


boilers) at 30s. per week.......... 13 10 O 
3 men for unloading coal and removing 
ashes at 28s. per week............ 4 4 0 
Total labor charges per annum.... £2550 
Gas PLANT 
S. &@ 


3 operating engineers at £3 perweek 9 0 

3 switchboard attendants at 30s. per 
WN iced bhoceor tid temarrhees 4 

6 assistant engineers at 35s. perweek 10 10 

5 assistant engineers at 30s. per week 7 


2 oilers and cleaners at 28s. per week. 2 16 
3 producer hands at 35s. per week. . § 6 
6 producer hands at 28s. per week... 8 8 
7 ammonia recovery hands at 30s. per 
eer ee 10 10 
2 men for unloading coal and remov- 
ing ashes at 28s. per week. ...... 2 16 


t» 
for) 
— 
qn 
o 


Total labor charges per annum, £3180. 


MAINTENANCE AND REPAIRS 


This is the most difficult item to esti- 
mate with any degree of accuracy for 
either the steam or gas plant. With 
steam turbines the principal risk appears 
to be that of the blades stripping. With 
large gas engines the most serious risk 
is that of the fracture of the piston o1 
of the cylinder liners. Troubles of this 
nature, while somewhat frequent in some 
of the earlier gas engines, owing to 
makers not having had experience to en- 
able them to design these parts as to re- 
duce the expansion and contraction under 
wide ranges of temperature to a minimum 
are, however, fast disappearing. 

As far as the actual wear and tear 
of the moving parts is concerned, this 
will probably be smaller in a gas en- 
gine than in a steam turbine. Practically 
the whole of the weight of the pistons 
and piston rods is carried on guides ex- 
ternal to the engine cylinder; the wear 
upon the cylinder liners, therefore, is only 
that due to the pressure of the piston 
rings against the liners. It was thought 
at one time that the wear on the exhaust 
valves would be considerable, and in the 
early design of engines it was considered 
necessary to water-cool these valves to 
prevent overheating of the valve faces 
Ehrhardt & Sehmer came to the conclu- 
sion some two years ago that the water- 
cooling of exhaust valves was an unnec- 
essary complication, and they have now 
entirely abandoned this practice for all 
sizes of engine. Numbers of examples 
are recorded of large engines in con- 
tinental generating stations that have been 
running for 12 or 18 months without be- 
ing opened out. 

The repairs for generators would cer- 
tainly be lower for a gas-driven plant 
than for a steam-turbine-driven plant. 

One of the principal items in the main- 
tenance of a steam station is that of the 
repairs of steam pipes, whereas the main- 
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tenance of pipe work in connection with 
a gas station will obviously be extremely 
small. The principal liability of repairs 
to pipe work appears to arise from the 
risk of the exhaust pipes being attacked 
by sulphuric acid if the water is allowed 
to mix with the exhaust gases and com- 
bine with the small percentage of sul- 
phur in them. 

The cost of producer repairs appears 
to be a very small item, and will un- 
doubtedly be only a fraction of the cost 
of repairs to high-pressure steam _ boil- 
ers. The Power Gas Corporation esti 
mates that the total cost of repairs to 
the entire producer plant, including the 
ammonia-recovery appliances, as shown 
in Fig. 4, would not exceed, on the aver- 
age, £500 per annum over a period of a 
number of years. 

We are of opinion that the total cost 
of repairs for the 10,000-kilowatt gas- 
driven station, including all machinery, 
apparatus and buildings, would not ex- 
ceed £4000 per annum. We have esti- 
mated the repairs and maintenance of 
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FIG. 10 


the steam plant at the same rate as the 
gas plant, though we believe that this 
is a lower figure than has yet been ob 
tained in any steam station over a period 
of several years. 


ANTIQUATION, DEPRECIATION AND INTEREST 


As the use of large gas engines is so 
comparatively new in this country, some 
engineers may be inclined to think that 
the designs will be so altered during the 
next few years as to make it necessary 
to set aside a large amount to provide 
against antiquation. Those, however, who 
have visited many of the large gas-en- 
gine installations on the continent will 
have been impressed by the great similar- 
ity in general design between all the 
engines that have been erected during the 
past three or four years. The very fine 
gas installation at the Homecourt Iron 
and Steel Works, for example, includes 
engines running side by side bearing vari- 
ous dates from 1904 to 1907. These en- 
gines appear to be identical in every re 
spect, and they have been maintained in 
such excellent order that the earlier en- 
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gines appear to be running in every way 
as satisfactorily as those of more recent 
date. 

The correct amount to allow for interest 
and depreciation on electric-generating 
machinery is a somewhat debatable point. 
It is usual in preparing estimates for in- 
dustrial plants to allow 10 per cent., but 
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case of a generating station having the 
very poor load factor of 10 per cent., and 
able to obtain fuel at 8s. per ton. We 
will also assume that the maximum output 
is only 4000 kilowatts, and that the use 
of the sulphate of ammonia recovery plant 
for a portion of the producer plant, as 
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engines is little more than sufficient to 
pay the 10 per cent. interest and deprecia- 
tion charges on the higher capital out- 
lay of the gas plant. 

It has been suggested that for such 
conditions a combined gas and steam plant 
might be used, the gas plant being utilized 

























































































Mr. Snell, in his paper on “Cost of 
Electrical Power for Industrial Pur- i ot i 
poses,” justifies the figure of 61% per cent. —— |Gas RM —— us. 
: : eB ts nme St “— | £J.ee--- Steam 
As this point has a very important bear- FOGLE. nee Se |” a al arr S| 
ing on the comparison of steam- and gas- . rr - 
engine cost, we have in each case shown LaF ; ta 
the comparative cost, including these — a a 5 at > 
: 4000 Kw. | L- J 
charges at Io per cent. and alternatively 10% ued | i? Pi, ye 
. a 
at 6% per cent. The total running costs B hencecell ya : a. 
of generating 21,000,000 kilowatt-hours 2 pe a g “es : | 
under the above conditions will, we esti- 2 Ler ra Pe ul 
‘ = Se : 2 + = al 
mate, be respectively as follows: a’ | ee <4 - 
“a Factor a Pr ide Pe = 
Gas. Steam. .* r ee ." 
- a LS . 
Total cost of coal at 12s. per 2 er S 
_ Saueipaeepeietey £12,280 £19,968 = ES ° 
Less sale of sulphate of am- 4 oy 4 
SS ee aac a ol os 5,524 4000 Kw. | cot ae 
—— — — 24% Load |= Ad, cS 
Net cost of coal. ..... £ 6,756 £19,968 | Factor | cet Laren 
Oil, waste and stores......... 1,345 438 ae 
1 ie meas 555 ~—- 2,550 Li Cs, 
ee 3,180 2/590 Lo 
NN 6 esi ic here edendr ora ash 4,000 4,000 2 2 
Interest and depreciation at 10 
per cent. on capital ....... 17,687 13,952 
PIR a. ccic. 010 Wake wales £33,523 £43,668 1 1 
Total cost per unit........... 0.383d. 0.498d. 
Total cost, allowing 64 per cent. 
for interest and depreciation. £26,900 £38,428 
Total cost per unit........... 0.306d. 0.438d. 0 2/6 5/ 7/6 10/ 12/6 15] 0 2/6 5/ 7/6 10) 12/6 15] 
Price of Coal per Ton Price of Coal per Ton 
Power, N.¥. 
The total cost (including 6% per cent. FIG. II FIG. 12 
TABLE 3. GAS PLANT EFFICIENCIES. 
Period Maximum] Load Plant ; Estimated ; Fuel Per | Overa 
insults. Ggrered. | Echraied’ | Demand, ractor. | actor, | Tyusyot | Mean ctle | cas ot ue, | Prgs Per |x our] ten 
Months. Kw. Per Cent. | Per Cent. (B.t.u.) ated. |Efficiency. 
A 7 988,980 700 27.00 83.0 = oss 11,300 (Soft bituminous slack....}) ...... 2.038 15.00 
53, 
B 12 253,550 207 13.80 82.0 1,000 cu. 130,000 |Mond gas..............| {24 SY 12.40 
ft. gas. 1,000 
Cc 1 120,100 350 57.00 83.0 98.7 14,392 Pocahontas Gia Suctestkte Go? - ane Rhus 1.840 12.85 
D 48,000 185 38.50 62.0 4.5 11,500 |Bituminous Staffordshire . 10 s. 2.125 13.90 
E 10 1,115,000 242 63.00 77.0 970 12,500 |Gas coke............... 16 s. 1.950 14.10 
F 6 592,500 500 26.60 80.0 546 12,000 |Linby slack SEA. |e ey 2.060 13.75 
G 4 260,700 368 33.00 90.0 215 13,000 |Lancashire slack........| ...... 1.800 14.60 
H 12 21,910,208 2,520 99.00 Pars 20.185 11,000 {Inferior Lancashire slack . 9s. 2.064 15.05 
Average overall efficiency of above eight replies = 13.95 



































for interest and depreciation) of gen- 
erating power by steam = 45 per cent. 
greater than the cost of generating power 
by gas. 


EFFECT OF PRICE OF COAL AND LOAD 
FAcToR 


In the particular case considered, the 
conditions are more favorable to the 
use of gas engines than in many of the 
existing provincial municipal electric sta- 
tions in this country. There are at present 
only 15 public electric central stations 
working at a load factor of over 24 per 
cent., though many more have load factors 
varying from 20 to 24 per cent. In many 
cases, too, a suitable coal can be ob- 
tained at less than 12s. per ton delivered 
at the works. We will, therefore, go to 
the opposite extreme, and consider the 


in the scheme previously considered, is 
not justifiable. Under these conditions 
the saving in fuel effected by using gas 








TABLE 2. OPERATING COST FOR A 4000- 
KILOWATT STATION. 


Loap Factor 10% Coau, 8s. PER TON. 











Cc. 
A. B. Com- 
Steam Gas. bined. 
DS cet rie, a oot £ 3,916) £ 2,073) £ 2,791 
Oil and waste..... 9 297 248 
_.. |, SN 710 100 170 
MY Soha 5 4)-633. 6x0: aa 2,400 2,500 2,745 
See 1,250 1,250 1,250 
Interest and depre- 
ciation at 10 per 
WINE > Sine Stas 7,452 9,578 8,639 
£15,823} £15,798] £15,843 
Cost per kilowatt- 
hour generated. .| 0.878d.| 0.867d.| 0.868d. 
Total cost including 
interest and de- 
preciation at 6} 
ree £13,037) £12,209] £12,608 

















for the long hour portion of the load 
curve and the steam plant with its lower 
capital charges for the peak load. Table 
2 shows the estimated annual running 
costs with plants consisting respectively 
of, (A) five 1000-kilowatt steam turbo- 
generators; (B) seven 7o00-kilowatt gas 
engines and generators, and (C) four 
1000-kilowatt steam turbo-generators and 
two 700-kilowatt gas engines. 

The table shows that under the con- 
ditions stated and with a t1o-per cent. 
charge for interest and depreciation, there 
is no choice between the different types 
of plant, as far as running cost is con- 
cerned, but with interest and sinking fund 
charges of 6% per cent. the combined 
station shows an overall economy of 3 
per cent. over that of the steam plant, 
and the all-gas plant an improved econ- 
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omy of 6 per cent. over the all-steam 
plant. 

The charts, Figs. 11 and 12, show similar 
comparisons with coal at various prices 
ranging from 2s. 6d. to 15s. per ton; the 
former is based on Io per cent. allowance 
for interest and depreciation and the 
latter on 6% per cent. 

It will be seen that under no condition 
is it worth while, when building a new 
station, to install a combination of steam 
and gas plant. With a nonrecovery plant 
and coal above a certain price, a gas 
plant is more economical, and below that 
price a steam plant alone is more economi- 
cal than either a gas plant alone, or a 
combined steam and gas plant. This ap- 
plies only to entirely new installations 
There are many existing installations 
equipped with comparatively inefficient ap- 
paratus where a large economy would 
be effected by installing one or more gas 
engines to be used for the flat portion of 
the curve, the inefficient machinery being 
used only to carry the peak load and for 
emergencies. 

It will also be seen that if the size 
of the installation or the load factor per- 
mits of a recovery gas plant being used, 
that is more economical than a steam 
plant, however low the price of coal. 

Table 3 gives the results of eight in- 
quiries as to the actual operating ef- 
ficiencies of gas plants. The kilowatt- 
hours generated are the total number 
supplied to the feeders. Current used for 
driving auxiliary apparatus in generating 
stations, lighting, etc., is not included 
under this heading. The load factor is 
calculated from 


Kw.-hours supplied to feeders x 100 
maximum load on feeders X 8760 





The plant factor is calculated from 


Kw.-hours supplied to feeders x 100 
plant hours run x capacity of plants * 





The fuel consumption is the total fuel 
used for all purposes. The calorific value 
of the fuel is the engineer’s estimate of 
the mean calorific value based on periodic 
calorimeter tests. 





The eighth regular prize competition 
of the Austrian Engineers’ and Architects’ 
Society has been announced. A solution 
is asked for the following question: 

“How is it possible to avoid the in- 
jurious effects of the so-called higher 
harmonics of current and voltage waves 
which permanently or temporarily enter 
the alternating circuit; or how may their 
production be generally prevented?” 

Three prizes are offered, the amounts 
being $600, $200 and $100. Persons who 
desire to obtain further particulars and 
to ascertain whether they are eligible to 
enter the competition, should address: 
“Oesterrlicher Ingenieur und Architekten- 
Verein,” Eschenbachgasse 9, Vienna, 
Austria. 


POWER AND THE ENGINEER. 


Superheat and Wiredrawing 





By F. L. JoHnson 





Upon returning from lunch the other 
day, I found my friend Sawyer sitting by 
the window poring over a work on “Water 
Power Engineering.” As I seated myself, 
after shaking hands and hanging up my 
hat, he said: 


“It has always seemed to me that it was 
about an even thing between the cost of 
a steam and a water horsepower, when all 
of the factors of the problem are con- 
sidered and properly treated. But read- 
ing this book has brought fresh to my 
memory two incidents that are in no way 
connected with water power, and I do 
not understand why they come to me now, 
for I have not thought of either of them 
for years. As I said, they can have no 
connection with water power, for they 
were examples of a gain that may be 
made in some instances by the use of 
steam superheated by wiredrawing. 

“Several years ago I was visiting an 
engine room where I noticed two check 
valves, opening inwardly, attached to the 
indicator piping of the cylinder. Asking 
why they were there, the engineer closed 
the outer end of one, by putting his hand 
over it, and at once the exhaust valves 
began to rattle, showing that the cutoff 
was so short that expansion was carried 
so far below atmospheric pressure that 
during part of the stroke air and exhaust 
steam were drawn into the cylinder, 
through the exhaust pipe lifting the valves 
from their seats, making a disagreeable 
rattle which the air let in through the 
check valve stopped by equalizing the 
pressure above and below the valve. 

“While I was looking at the arrange- 
ment, the chief engineer from the new 
power plant, a comparative stranger and 
recent arrival in town, came in and in- 
troduced himself. He was shown the 
check valves and some indicator dia- 
grams with and without the checks in 
operation. He smiled and said: 

“‘That is an ingenious way of stopping 
a disagreeable noise. You probably do 
not know that you are using a patented 
device, but as the patent expired a great 
many years ago, I do not think you will 
have to pay a royalty for its use.’ 

“Then, after a moment, he continued: 
‘I am a stranger to most of the engineers 
in town and I do not wish to be fresh, 
but I think I can help you in this case 
by making your engine run better without 
the check valves than it does with them, 
and by reducing your very small coal 
bill by about one-half.’ 

“These remarks were met somewhat 
skeptically but with a spirit of willingness 
to learn of better methods, and the visitor 
was invited to go ahead. The engine was 
a 14x42, running at 75 revolutions per 
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minute, and the steam pressure in the 
boiler was 50 pounds. It was a 72-inch 
by 18-foot boiler, with 33 square feet 
of grate surface, and a safety valve set 
to blow at 100 pounds. From 50 pounds 
the boiler pressure was raised to 85, by. 
changing the weights on the damper regu- 
lator. Then the visitor went to the 
throttle and slowly closed it until the 
drawing-in of air at the check valve 
ceased and the drop of the dashpot rods 
showed that cutoff was taking place in 
the vicinity of quarter stroke. Then he 
sat down and said: 

“Let us watch it awhile.’ 

“In a few minutes the engineer went 
to the belt-driven, plunger boiler-feed 
pump and changed the position of the 
bypass valve slightly. Asked what he was 
doing, he said that water was gaining 
in the boiler and that he was cutting down 
the feed. He further stated that at the 
time the pressure was raised the water 
was slowly falling, and he expected to 
increase the feed instead of decreasing it. 

“After sitting and chatting for awhile 
longer, the visitor said: 

“*You have rather a hard combination 
here from which to get good results. Your 
grate surface is too large for the boiler, 
the boiler is large for the engine 
and the engine is too large for the work 
to be done; but we can do considerably 
better than we are doing. If you have 
the time and some firebrick, I will come 
in next Sunday and we will fix up the 
boiler a little.’ 

“He was there the next Sunday, all 
right, and got right into the firebox and 
laid firebrick faster than two masons and 
better than I ever saw them laid before. 
He reduced the grate area from 36 feet 
to 12, by building a new firebox inside 
the old one. While washing up and 
changing his clothes, he said: 

““T will come down in the morning 
and see how the plant runs, for I am 
as much interested in it as yow are.’ 

“After some general conversation and 
an exchange of cigars he went away. 

“About three months afterward I went 
into that place again, just to see how it 
was coming on. I asked the engineer 
if that man from the central station had 
saved him half the coal, as he promised.” 

“*Ves, confound him, he has! In the 
old way I used to pile alf my scraps into 
the furnace and get rid of them without 
any bother, but now, with the small grate 
that won’t hold any coal, a fire of scraps 
don’t last. He said he would cut the 
coal bill in half. He did better. I use 
about half the fuel I did before, but as I 
have just as many scraps to burn, I think 
I do not really use more than quarter of 
the coal that I did. That engineer at 
the central station knows how to run en- 
gines and boilers all right, and I am free 
to say that although I have been in the 
business twice as long as he has, he cam 
give me cards and spades and them count 
out ahead.’ 


too 





926 





Relighting the cigar that he had al- 
dowed to go out, Sawyer blew a few smoke 
tings and then said: 

“I spoke of two instances of super- 
heating by throttling, and although I 
wandered a little by telling of more than 
the throttling of the steam supply to an 
underloaded engine, I will stick to the 
text in the story that I am going to tell 
you now. Once I went from Duluth, 
Minn., to Ashland, Wis., on a tug. Be- 
sides myself there was another passen- 
ger, who wandered into the engine room 
and got into conversation with the 
engineer. 

“After awhile the stranger asked the 
engineer to experiment a little for the 
sake of what could be learned by it. The 
lake was as smooth as glass, and the 
fireman had not changed the speed of the 
feed pump for an hour. The throttle was 
wide open and the engine was making 
85 revolutions per minute. After count- 
ing the revolutions several times for a 
period of five minutes, to insure accuracy, 
the engineer was asked to close the 
throttle until he could plainly hear the 
steam rushing through it, which he did. 
Then the fireman was asked to note the 
water level and not to change the speed 
of the pump without notifying the en- 
gineer. After about fifteen minutes the 
speed of the engine was again counted and 
was found to be 86% revolutions per 
minute, instead of 85, as before the 
throttle was partially closed. 

“Soon the water was perceptibly higher 
in the boiler and shortly the fireman re- 
ported that he would have to slow the 
pump slightly. He also said, on being 
asked, that the boiler never fired easier 
nor steamed better. For several hours 
the experiment went on; in fact, until I 
turned in to sleep; and when I awoke we 
were at the dock, and I have seen neither 
the engineer nor his visitor since. 

“But the facts are these: With a partial- 
ly closed throttle there was an increase 
in the speed of the engine of more than 
one and three-quarters per cent., and a 
decrease in the amount of coal and water 
used. I do not know the man who sug- 
gested the experiment, nor do I know 
if anything ever came of it. But it has 

_made me think a whole lot about wire- 

drawing and superheat, for in both of 
these cases the steam was superheated. 
When it entered the cylinder it had a 
temperature above that due to its pres- 
sure.” 

Then, looking at his watch, he said: 

“T have stayed longer than I intended 
to and must move along. I will be in 
again in a couple of weeks,” and he left 
me to think of superheat and wiredrawing. 

If the work in the cylinder is done by 
heat, how is more heat utilized by check- 
ing the supply? I do not know and that 


is why I ponder over it. 
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Changing One Thermometer Read- 
ing To Another 





By A. L. Hopces 





As we are so unfortunate as to have 
two types of thermometer in common use, 
and as articles appear right along in engi- 
neering magazines, in which one or the 
other is used, sometimes both, it is abso- 
lutely necessary not only to know each 
individually, but to know their relations 
and common points. Of course, most of 
us are familiar with the formula to do 
this, but a formula is not as easy to re- 
member as a simple diagram showing the 
relations. The writer has had a good 
deal of experience teaching engineers and 


has always found that the accompanying | 


diagram enabled them to remember the 
relations better than anything else. 

Besides the Centigrade and Fahrenheit 
thermometers, we have to do with the 
“absolute” thermometer, when dealing 
with a gas or with superheated steam. 
Any absolute temperature may be derived 
by simply adding 273 to the Centigrade 
temperature; but this has been included in 
the diagram. 

To make the diagram, all one has to 
do is first to draw two vertical lines to 
represent the Centigrade and Fahrenheit 
thermometers, mark on the Centigrade 
line two points, o and 100, and mark op- 
posite these, on the Fahrenheit line, 32 
and 212, respectively. It is easy to remem- 
ber that these are the freezing and boil- 
ing points of water on the respective 
thermometers. It will be seen that one 
degree on the Fahrenheit scale is equiv- 
alent to 5/9 of one on the Centigrade, be- 
cause the same distance that indicates 100 
on the Centigrade scale shows 212 — 32 = 
180 on the Fahrenheit. To change from 
one reading to the other, an addition or 
subtraction of 32 is necessary, as will be 
seen by reference to the diagram. 

Suppose it is desired to change 50 de- 
grees Centigrade to the corresponding 
reading on the Fahrenheit scale. As 
every degree Centigrade is equal to 5/9 
degree Fahrenheit, it will be necessary 
to multiply 50 by 9/5 to get the number 
of Fahrenheit degrees above freezing 
point of water. But even this will not 
give the correct Fahrenheit reading un- 
less 32 is added. This rule is expressed 
by the simple formula: 


F = 9/5 C + 32, 


where F is the Fahrenheit reading and C 
the Centigrade. 

From similar reasoning, then, in case it 
is desired to change from Fahrenheit to 
Centigrade, we must multiply by 5/9, but 
only after subtracting 32, because the 
Centigrade zero is at the freezing point 
of water. This is expressed by the fol- 
lowing formula: 


C = 5/9 (F — 32), 
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where the symbols have the same sig- 
nificance as before. 

As regards the “absolute” thermometer, 
it is graduated in degrees of exactly the 
same value as those of the Centigrade; so 
in changing the absolute to Centigrade, 
or vice versa, it is not necessary to mul- 
tiply or divide by a fraction. If 50 de- 
grees Centigrade is to be changed to 
absolute, simply add 273 degrees and the 
thing is done. If an absolute reading is 
to be changed to Centigrade, simply sub- 
tract 273 degrees and the correct result 
appears. Thus, 290 degrees absolute = 
17 degrees Centigrade; also, 200 degrees 
absolute = — 73 degrees Centigrade, 
simply algebraic subtraction. So the for- 
mulas between the absolute and the Centi- 
grade are very simple: 


A =C+ 273 and C = A — 273. 


If we try to change the absolute to 
Fahrenheit, or vice versa, without em- 
ploying the intermediate Centigrade for- 
mula, the operation becomes slightly more 
complicated, but a glance at the diagram 
will make things clear. First, change 
— 273 Centigrade degrees to Fahrenheit 
degrees by multiplying by 9/5. This gives 
the number of Fahrenheit degrees, below 
the freezing point of water, equivalent to 
zero, absolute. But to change this to the 
Fahrenheit reading it is necessary to sub- 
tract 32, which will give us — 450%. 
From this the logical formula results: 


F = 9/5 A — 450%, 


and the reverse formula, of course, is: 


A = 5/9 (F + 450%), 


the symbols meaning the same as before, 
for the reading on the respective ther- 
mometers signifying the same degree of 
heat or cold. 

Several peculiar things appear if certain 
relations are required. For instance, at 
what temperature do Centigrade and 
Fahrenheit read the same? Simply sub- 
stitute Centigrade for Fahrenheit or 
Fahrenheit for Centigrade in (1) or (2) 
and it is found that at — 40 (or 40 below 
zero) on either scale means the same de- 
gree of coldness. This is verified by the 
diagram. Similarly, several such points 
are shown on the diagram. 

They are easy to memorize and come in 
handy occasionally. For example, when 
the temperature Fahrenheit is 320 de- 
grees and it is desired to change it to 
Centigrade, the diagram enables one to 
know that the Centigrade reading to 
correspond is exactly %, or 160 degrees. 
So, for approximate results anywhere 
within a few degrees of 320, simply divide 
by two. With the absolute scale there is 
one point that reads the same as the 
Fahrenheit, namely, 5494; but, from the 
nature of things, no point on the abso- 
lute scale is the same as the Centigrade, 
for it is necessary to add 273 to the Centi- 
grade, no matter what it is, to get the 
absolute. 
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Wuat ZERO ABSOLUTE MEANS that temperature, containing no heat absolute, even in theory. To realize fully 

The zero absolute means just what it whatever. Therefore, there can be no the significance of an absolute scale the 
says: That.a body is perfectly cold at “minus” degrees absolute, or “below zero” mind must have a clear mental picture as 
to what heat really is and exactly what 
happens to a body when that body gets 
hotter or colder. r) 

Heat is defined as “molecular vibration.” 
To grasp this, one must think of every 
: ’ body, no matter of what material com- 
t 546°A=(2xC eee | 273°C =(12 x A°) posed, as being made up of very small 
particles, called molecules, that are in a 
state of constant vibration at all ordinary 
Absdlute Centigrade Fahrenheit temperatures, jumping about in little or- 
bits of their own. 

When the body becomes warmer, as we 
4 433°A + 160°C=(12 x F°)<— > + 320°F =(2 x C°) say, what happens to these molecules? It 
has been shown that they go faster in. 
their vibrations, occasionally knocking 
one another away to make room for 
themselves. In the case of a solid, for in- 
stance iron, if heated, all the molecules at 
once want to go faster and through lon- 
 eaadtle eo + 100°C<—Water boils —————> } 212°F ger distances. They knock one another 

se citaaataaiian 76 cm. pressure, about until room is made. This, of course, 
is transmitted outward to those on the 
surface of the body and they seek the line 
of least resistance and consequently ex- 
tend their paths outward. What has hap- 
pened to the body in the meantime? As 
everyone knows, it has grown larger or 
“expanded.” Yet no matter has been 
added, for a hot body weighs no more 
than the same body cold. 

m Heat, then, means simply the amount 
7 255’ A< +-1779 C< >+ OF of vibration of the molecule. When we 
cool a body it contracts, that is, the mole- 
cules go slower and through shorter dis- 
tances. When the molecule has no motion 
whatever we have the absolute zero. It 
is needless to say that this condition of 
affairs has not so far been reached ex- 
perimentally by inhabitants on this earth, 
and will probably never be reached, for 
the vibration of a molecule is presumably 
of such nature that it can never become 
quite still, although approaching that con- ; 
dition as a limit. 

This absolute scale is of peculiar inter- 
est in the case of a gas. It has been 
found experimentally that all gases when 
cooled 1 degree Centigrade contract 
almost exactly 1/273 of their volumes at 
zero Centigrade. So if we could cool a 
gas to — 273 degrees Centigrade, or abso- 
lute zero, it would have practically no 
volume. This is in perfect accord with 
the theory of gases being composed of 
little molecules very, very far apart in 
relation to their sizes, so far apart that 
they seldom hit one another in their 
vibrations. So it stands to reason that if ' 
they had no vibration and were packed 
closely together, their volume would be 
very small indeed. Even if absolute zero 
could be reached it would be of no value 
in proving the small volume of a gas, be- 
cause allsgases liquefy or solidify long be- 


+ 54944 — same as F°<— 54914 — same as A® 











J 263°C=(13 x F°?) ————>+ 80°F=(8 x C°) 
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q 273°A<« —> + 0°C< 32°F 
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+740°C <- Read same ———————> }-40° FF 

















6 OA< > §°273°C< —> $-459%,°F fore absolute zero is reached. The last to 
Absolute Centigrade Fahrenheit freeze is helium, which a German pro- 
Power, fessor claims to have frozen at — 272 de- 


grees Centigrade or 1 degree absolute. 
DIAGRAM FOR CONVERSION FROM ONE THERMOMETER TO ANOTHER This has not been verified, however. 5 
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Sewalls Falls Plant Near Concord, N. 
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2000-Kilowatt Water Power Plant Containing the First Installation 
of Vertical Multirunner Direct-connected Open-flume Turbine 
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Up to the time of the installation of 
this type of turbine, the vertical single- 
runner turbine, with gearing to jack shaft 
direct-connected or belted to generators, 
had been developed and extensively in- 
stalled, with a view to meeting conditions 
prevailing for low-head developments in 
which limited space and extreme varia- 
tions of water level are controlling fac- 
tors. These particular turbines are said 
to have given, however, the first commer- 
cial demonstration of a method hydrau- 
lically efficient and desirable from a con- 
struction and operating standpoint. 

The Sewalls Falls plant of the Concord 
Electric Company is located on the Mer- 
rimac river, 4% miles above the city of 
Concord, N. H. The Merrimac river at 
this point drains an area of about 2350 
square miles and has a normal flow of 
-about 2500 second-feet and an average 
fall of about 16 feet. The total develop- 
ment aggregates 2000 kilowatts. 

In the winter of 1904-05 the company 
‘decided to add tooo kilowatts to the ca- 
pacity of the original plant, then consist- 
ing of five 200-kilowatt generators belted 
to twin turbines in plate-steel casings, in 
order to supply power to the street-rail- 
way system projected by the Boston & 
Maine Railway in the neighborhood of 
Concord, and to various other consumers 
of electric power. The design had to pro- 
vide for flood variation of some 1g feet. 
Due to the excessive tailrace excavation 
required, it was impracticable to locate 
the addition at the northern end of the old 
power plant. Placing the installation at 
the southern end made it necessary that 
the building be as compact as possible, 
on account of forebay extensions and in 
order to reduce foundations and to sim- 
plify the protection from the thrust of 
the river. 

Fig. 2 shows the design adopted, which 
includes two goo-horsepower vertical 
triplex open-flume turbines  direct-con- 
nected to two 500-kilowatt vertical gen- 
erators, with a speed of 100 revolutions 
per minute, excitation being furnished by 
a motor-driven exciter generator. How 
well the plan adopted fulfils the condi- 
tions may be observed from Figs. 1, 2 and 
3, where it will be seen that the generator 
floor is above flood mark and that the 
power house is approximately one-third 
the length of the old one, being at the 
same time equal in capacity. 


5. R I 


TURBINES 

There are two turbines, as heretofore 
stated, designed for operation under a 
normal head of 16 feet. These machines, 
as shown in Fig. 5, each consist of a twin 
center-discharge turbine mounted above a 
single turbine by means of substantial 
column construction. The turbine gates 
are of the swivel type operated through 
regulating shafts and connections. The 
advantages of swivel gates over cylinder 
gates for this type of turbine are: 


























= 
3 
a 
s 
3 
r 
on |e 
ay! 4; 
pos 1 4 
o 1 uy 
3 1 i 
ey 2: 
& ll] =! “t 
is) 4] 
|| e! \ 
=} 2 i 
3 7} wu 
~ “i'l to 
. ' to 3 a x | 
Bi ie on 8 
Sy tls Bh a 
“ : 
z] ja dln s 
al siz ali 2 
Sii-eliO Si % 
° a-ie ad So 
alles el) g 
2 — = 
Byesia si 4 
$35 Ahi 
2° sit 
’ 33 Sy 
#3], gli 
8 oa " 
a 22 in 
3 o 2 4 
3 7% ii! 
sal New Cafial Area, 
Foal From|Pl. 23 3 
, 3 4! S 
2, = 900 Sy Fe. 
¥ =} ii q 
s/@ z 8 
of & 2 a 
‘ 2 
* 
a 


Present Station 


5-200 Kw. 











FIG. I. 


First—That swivel gates give increased 
efficiency at partial gate opening and 
equally good efficiency at full gate open- 
ing, while the efficiency with cylinder 
gates is low, due to the fact that ex- 


cessive hydraulic disturbances, eddies, 
etc., occur at partial gate openings. 
Second—With the use of the swivel 


type, the increase or decrease in power, 
resulting from opening or closing the 
gates, occurs uniformly throughout the 


C E 


stroke from wide open to closing position, 
which characteristic is necessary for uni- 
formly sensitive regulation from no load 
to full load. With the cylinder type, a 
considerable closing of the gates from 
wide-open position is necessary before 
any reduction in power is effected. More- 
over, at very small gate opening (re- 
quired for friction load) the friction 
eddies in the water, while passing through 
the gates, is so great that no power what- 
ever is developed in the wheel. This in- 
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GENERAL PLAN OF DEVELOPMENT 


evitably results in impaired regulation at 
full- and friction-load gate openings. 
The bronze runners, shown in Fig. 7, 
are designed to develop 900 brake horse- 
power at a 16-foot head and 615 brake 
horsepower at a 12-foot head, with a 
constant speed of 100 revolutions per 
minute. The characteristics of these run- 


ners enable normal speed to be maintained 
under a reduction of normal head, .with 
but slight loss in efficiency, thus making 
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draulic disturbances. The object in this, 
as with all draft tubes, was to so con- 
struct them as to abstract a maximum 
practicable amount of its kinetic energy 
from the water before discharging it into q 
the tailrace. How little attention has 
been given to the proper design of draft 
tubes in this country will be readily seen 
by referring to illustrations in the cur- 
rent hydraulic turbine catalogs showing 
S the short, straight draft tubes and _ set- 
17-6— I tings which they recommend. A striking 
| il example of the losses incurred with such 
draft tubes is shown in a recent case 
where 27 per cent. actual increase in plant 
capacity was obtained by replacing a 
straight, short wrought-iron draft tube of 
the catalog type mentioned above with 
one properly designéd and constructed of 
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— Chamber / Turust BEARINGS 





The thrust bearings furnished are of 
the standard Allis-Chalmers oil-bath self- 
contained type. A view of the outside 
casing and base ring is shown in Fig. 6. 
The bearing is built to run cool in a 
bath of oil and has demonstrated, during 
years of continuous commercial opera- 
tion, that it requires minimum operating 
attention. A further advantage of this 
thrust bearing is its economy in the use of 
oil. In a plant containing eight 875- 
horsepower vertical turbines, which was 
FIG. 2. TRANSVERSE SECTION OF NEW STATION recently described in this paper, an ac- 
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them particularly adaptable to variable 
head developments. 
Tests made after installation have es- -_ 
tablished the fact that remarkable uni- i i i 
formity in efficiency is maintained \ || IN 




























































































through a wide range of gate opening, a | 
feature of great importance from the _ | i} i INZ 
standpoint of economy of water. = 7 - ai | 
' 
| Wit oer 
GOVERNORS ‘ 4, i WA 
N +. | 
For regulating the speed of the tur- 2 7 

bines the governors used are of the oil- | 
pressure type, as described on pages 455- fossa 
459 of the September 15, 1908, number of | y 
Power AND THE ENGINEER. In this in- g 
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stallation they are arranged so as to be 
entirely self contained, the rotary oil 
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pump, tanks, regulating cylinder and gov- | | t 
ernor mechanism proper being mounted "WF 
on a single base. The governor head : WA 
and pump are driven from the main shaft WL 





by means of bevel gears, and the regu- 
lating piston is connected to the regu- 1G 
lating shafts by means of a simple link 
arrangement, avoiding, as is the builder’s 
regular practice, the use of gearing and 
the lost motion inherent in such’ arrange- 
ments. 
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As shown in Fig. 2, the concrete draft | 
tubes were designed to lead the water to 
the tailrace from the center discharge 
casing and lower runner with uniformly 
decreasing velocity and minimum hy- FIG. 3. LONGITUDINAL SECTION OF NEW STATION 
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was effected by replacing the pressure 
thrust bearings, originally installed, by , 
oil-bath bearings of this type. Uy 

Three metal guide bearings were sup- Yy | | 
plied with each turbine. They are sup- 
ported by the center discharge casing and 
fed with oil from above. 





tual saving of over $6000 a year in oil WY LL) {LAI 
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ELECTRICAL APPARATUS 


There are two 500-kilowatt three-phase 
60-cycle 2600-volt vertical direct-connected 
revolving-field generators of the type 
shown by Fig. 8 These machines re- 
volve at a speed of 100 revolutions per | ~ 
minute, and the features of especial in- Y Operating Floor 
terest are the stator and rotor. The A _| 
stator is bolted to the cast-iron support- Switchboard 
ing ring which is carried upon concrete A rt = 
foundation beams worked into the lower Z| 
floor, as shown in Fig. 2, and has bolted G a 
to its top the spider which supports the Ya ee 
guide bearing. The rotor is of the “um- V7) | Fist ee. Placenta isa ey 
brella” type, constructed of cast steel and WZ AW (<= 77S a SS ——'— 
especially designed to withstand J 


the Tailrace Gate Plattorm L_] 
stress due to its great diameter and posi- FIG. 4. PLAN OF OPERATING FLOOR 
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FIG. 5. QOO-HORSEPOWER ALLIS-CHALMERS FIG. 6. THRUST BEARING OF TURBINE 
VERTICAL TRIPLEX TURBINE 
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tion with reference to its field coils. It 
is mounted on a short shaft, the col- 
lector rings being arranged immediately 
above the coupling to which the turbine 
shaft is connected. 

Excitation is furnished by one 45- 
kilowatt 125-volt compound-wound gener- 
ator, direct connected on the same cast- 
iron baseplate to a 75-horsepower 60-cycle 
three-phase induction motor wound for 
2600 volts, and a speed of 680 revolutions 
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remainder, which is of concrete with 
smooth mortar finish. 

On the lower, or thrust-bearing floor, 
are located the thrust bearings, trans- 
formers and a 5-inch motor-driven cen- 
trifugal pump for unwatering the tur- 
bine pits. The generators are supported 
on circular concrete bases carried on 
floor arches, and platform with steps is 
provided for reaching the generator col- 
lector rings and brushes. The draft tubes 
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per minute. This type of exciter was 
chosen in preference to a waterwheel unit 
on account of the necessity of economiz- 
ing space as much as possible. 

The switchboard is of blue Vermont 
marble, 21 feet 4 inches long and divided 
into eleven panels. The generator, ex- 
citer and exciter motor have each a 
separate panel with a blank panel for a 
future line. A portion of the switchboard 
is shown in Fig. 8. 

The 10,000-volt air-blast step-up trans- 
formers are placed on the lower floor. 
These transformers are provided with 
ducts below and connections to the air 
shaft communicating with the blowers. 
A damper is provided for shutting off air 
from each set of transformers. 


GENERAL CONSTRUCTION AND 
DEVELOP MENT 

There are several points in connection 
with the general construction involved in 
this development which are of engineer- 
ing interest, and will be noted in the gen- 
eral drawing, Fig. 1, and power-house 
arrangement, Figs. 2, 3 and 4. 

Power House—The design and dimen- 
sions may be seen by referring to Fig. 2. 
Reinforced and rubble concrete is used for 
the substructure and the superstructure 
is of brick, with a slate roof supported 
by steel trusses. A hand-power crane is 
provided, the crane girder being carried 
on steel columns. On the upper or oper- 
ating floor are located the generator, gov- 
ernor, switchboard, motor generator and 
blowers for the transformers. In the 
construction of the floor provision is 
made for easy access to the space around 
the generators, to the bulkheads in the 
lower floor and to transformers. Re- 
movable slate slabs resting on leveling 
strips are used for this purpose and this 
part of the floor is made level with the 
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are of reinforced concrete designed as 
previously described, and the maximum 
velocity at their outlets is brought down 
to nearly that of the tailrace. In addi- 
tion to head gates and tailrace gates, stop 
log slots are provided. 

Dam—The dam is a cribwork struc- 
ture 497 feet long, with planked aprons 
protected by iron plates. The abutments, 
wing walls and canal head-gate works 
are of rubble masonry. The elevation of 
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siderably greater radius than that of the 
original canal, the inner side of which is 
shown in dotted lines. This was done be- 
cause it was found that the angle of the 
old canal was sharp enough to cause con- 
siderable erosion at the curve. 

The sheeting of the newly excavated 
side of the canal toward the river con- 
tongue-and-groove hard-pine 
planks, 3 inches thick, placed in a trench 
and driven ‘to hard pan. The sheeting 
on the old bank of the canal was re- 
paired as necessary and at the upper cor- 
ner of the the canal a con- 
crete wall was built, making this point 
secure. It was estimated that the loss in 
head in the canal-end entrance, and down 
to the mouth of the tailrace, would not 
exceed 0.6 foot under normal conditions. 
The canal head gates are built of selected 
Georgia hard with 


sists of 


station on 


pine slides, guides, 
trucks and hoisting apparatus, and are 
arranged so that they may be hoisted by 
hand or by geared motors, 
Forebay—For a length of 50 feet, the 
top of the forebay wall has an elevation 
of 25 feet and serves as an overflow. In 
this wall is a 4x6-foot drawoff gate for 
the the canal. 
For ordinary passage of ice, driftwood 
and handling waste water a 9-foot 10-inch 


drawing down water in 


by 8-foot 4-inch overflow gate is provided. 
The of the opening is 1 foot 
below the normal surface of the water 
in the canal and extends up 8 feet wide 
to the top of the wall. 


bottom 


This gate is ar- 
ranged to lower entirely below the open- 
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these works is from 13 to 16 feet above 
the crest of the dam. 

Canal—The original canal, about 1200 
feet in length, was 11 feet deep and 59 
feet wide at the top, with a cross-section 
area of 450 square feet. At the time of 
the installation of the two units, the 
canal was widened to give double the 
cross-section. Fig. 1 shows the enlarged 
canal in full lines. It will be observed 
that the inner curve was made with con- 


ing and is operated in conjunction with 
the canal head gates to control the hight 
of water in the canal. 

Racks and Gates—The racks are -built 
up on a structural-steel frame resting on 
a reinforced-concrete flooring and are 
braced back against the building substruc- 
ture piers. The gratings are of 4x5/16- 
inch bars, spaced 114 inches in the clear, 
and are made up in sections with the 
spacing rods placed back of the center 





plates to a current indicator. 
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of the bars to allow the teeth of the rakes 
to pass without catching. The whole is 
made of sufficient strength to act as a 
dam, should anchor ice close up the open- 
ings and the water be drawn from be- 
hind. 

The head gates are double, each 15 feet 
6 inches by 7 feet 6 inches, built in two 


_parts on account of their large size. Two- 
‘ 


part gates were required, since solid gates 
would have necessitated placing the hoist- 
ing apparatus much higher and shutting 
off the light from the station windows. 

Since the inception of its developments 
in 1892 the Sewalls Falls property has 
changed hands several times, and is now 
owned and operated by the Concord Elec- 
tric Company of Concord, N. H., of which 
Allen Hollis is president and F. P. Royce, 
vice-president. George B. Lauder is su- 
perintendent and chief electrician, and L. 
D. Martin chief engineer. The consulting 
engineers are Hollis French and Allen 
Hubbard, of Boston, Mass., under whose 
supervision the installation above de- 
scribed was executed. 





The Storage Battery 


By A. WoHLGEMUTH 


The storage battery, or, as it is also 
called, the accumulator or secondary bat- 
tery, does not store electricity in the 
strict sense of the word; the electricity 
which it delivers is the result of chemical 
action caused originally by passing a cur- 
rent of electri¢ity’thtough the’ battery. 
This phenomenon was first observed by 
a French scientist, Planté, in 1860. M. 
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FIG. I. ARRANGEMENT OF BATTERY CELLS 


AND PROVISION FOR VENTILATION 


Planté passed current through a cell con- 
taining two lead plates immersed in a 
solution of sulphuric acid, and on discon- 
tinuing this charge connected the two 
He noticed 
that a current of electricity was passing 
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through the instrument, but in an opposite 
direction from the original current. 
Charging, discharging and _ recharging 
were continued for some time, the dis- 
charge becoming stronger the oftener and 
longer the charge was kept up. At the 
same time the surface of the plate was 
changing greatly. The plate to which the 
positive pole was connected took on a 
dark-brown color, and became brittle to 
the touch, while the other, a negative 
plate, assumed a light grayish hue, and 
felt soft and spongy. On discharge, the 
plates gradually assumed their original 
character, The plates of a modern battery 
formed in this manner are therefore 
called “Planté plates.” 

This forming process is a rather tedious 
operation, and was improved upon by an- 
other Frenchman, Faure, who conceived 
the idea of using ready-made active ma- 
terial pasted on the plates, instead of the 
material formed by repeated charging. 
The substances which can be used, and, 
are used in the manufacture of Faure 

















FIG. 2. POSITIVE PLATE OF A “CHLORIDE” CELL 


plates, are litharge or lead oxide, lead 
sulphate or minium and peroxide of lead. 

The storage batteries used today are of 
both -the Planté’ and Faure types, some 
manufacturers using one type for both 
negative and positive plates, and others 
using the Planté type for one polarity and 
the Faure type for the other. Several 
diverse methods are employed to get the 
greatest amount of active material per 
given area and weight of plate; the kind 
of battery to be installed in any. given 
case depends largely upon the use it will 
be put to. 

In selecting a location for the battery 
room, facilities for proper ventilation, 
light and atmospheric conditions in the 
room ought to enter into consideration. 
The temperature should not be allowed to 
go much over 75 or 80 degrees Fahrenheit 
and not much lower than 50 degrees Fah- 
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renheit. In modern battery rooms the 
floor is usually made of concrete pro- 
tected by layers of tar paper and as- 
phaltum, and finished with vitrified brick 
laid in asphaltum. Drains are provided 
and so arranged that collection of water 
is prevented; this is usually done by 
sloping the aisles between the tanks and 
providing cesspools to carry off the water. 
All drain pipes should be of lead and all 
metal supports should be covered with 
several layers of good lead paint, to pre- 

















FIG. 3. NEGATIVE PLATE OF A “CHLORIDE” CELL 


vent the acid from attacking and corrod 
ing the metal. The ventilation of the bat 
tery room is a very important matter. 
There are always gases present and when 
the battery is charging a large amount of 
gas and spray is given off, which, if not 
drawn off, is very injurious to all metal in 
the rooms. Exhaust fans are used al- 
most exclusively to draw off these gases. 
(See Fig. 1.) 

The tanks containing the plates are 
made of glass in small installations and 
of wood lined with lead in the larger 
plants. Lately, tanks made of earthen- 
ware have been installed with more or less 
success. The tanks are placed on glass or 
porcelain insulators, which are in turn 
supported by heavy wooden beams, In 
a great many instances the beams are 
done away with and the insulators are 
supported by mounds of sulphur, topped 
by a slab of vitrified brick. In all cases 
the bottom of the tank is from 6 to 8 
inches above the floor, to allow free cir- 
culation of air and to prevent grounds. 

When the tanks are in position heavy 
glass plates, 34 inch thick, two to each 
cell, are placed longitudinally in the tanks, 
which act as support for the plates. The 
latter are now placed in the tanks, nega- 
tive and positive, alternately, and glass or 
hard-rubber tubes are put between each 
plate to act as separators. There is al- 


ways one more negative than positive 
plate in each cell, in order to have both 
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sides of the positive plate oppose the 
negative. The plates are now connected, 
the negatives of two cells to one strip of 
lead and the positives of two cells to one 
strip. 

When all the plates are burned in, and 
all other necessary connections are made, 
then, and never before, the electrolyte is 

















FIG. 4. COMPLETE “CHLORIDE” CELL 


poured in and the battery is ready for its 
first charge. This is usually of 24 or 36 
hours’ duration, and it is good practice to 
start this charge at a low rate, to pre- 
vent excessive heating due to the large in- 
ternal resistance of the uncharged cell. 
As the voltage of the battery rises the 
charging current is increased until the 
maximum rate is reached. Toward the 
end of the charge, the current is again 
decreased, to prevent chemical action of 
too violent a nature. During the charge 
careful readings should be taken and 
great care exercised to get at the condi- 
tion of the battery. The normal voltage 
of a fully charged cell in good condition 
is from 2.2 to 2.5 volts and the density or 
specific gravity of the electrolyte should 
be from 1.2 to 1.25. 

Like every other apparatus, the storage 
battery if not treated properly will not 
do the best work it can. In commercial 
service the storage battery will develop a 
great many faults and if not watched in- 
telligently will rapidly decrease in effi- 
ciency. There is one point which cannot 
he impressed upon users of the storage 
hattery too often, and that is that a bat- 
tery should never be allowed to stand 
“dead,” that is, idle and disconnected from 
hoth charging and receiving circuits, As 
soon as the battery is allowed to be idle 


POWER AND THE ENGINEER. 


for any length of time, especially in a dis- 
charged or semi-discharged condition, 
local action. between the plates will. in- 
crease enormously and a deleterious pro- 
cess called sulphating will begin. Sulphate 
of lead, a whitish, nonconducting and in- 
soluble substance, forms on the plate and 
will soon reduce its efficiency to almost 
zero. One way to overcome the effect of 
partial sulphating is to charge the cell at 
a low rate for a long time—until the sul- 
phate is reduced. If the sulphating has 
advanced very far, the only remedy is 
to draw off the acid, disconnect the plates 
and rinse them in pure water, using a 
brush to rid the plates of the sulphate. 
Then immerse them in water for 24 hours 
and rinse them again. Then reconnect 
the cell and charge at a low rate until 
the electrolyte shows signs of activity. 
One other fault which gives the bat- 
teryman a lot of worry is the short- 
circuiting of the plates, which is caused 
either by buckling or by sediment in, the 
bottom of the cell. Buckling of plates is 
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FIG. 5. POSITIVE PLATE OF GOULD STORAGE CELL 


due to uneven expansion of the active ma- 
terial, causing the grid to bulge until it 
touches the neighboring plate. It is usu- 
ally the result of too heavy a rate of 
charging or discharging—more often the 
latter. Sediment is active material which 
has dropped off the plate and sunk to 
the bottom of the cell. If allowed to ac- 
cumulate, it will finally react the plates, 
and thus short-circuit them. 

The reversal of a cell is as a rule 
caused by an overdischarge, and by charg- 
ing the cell at a low rate for a long pe- 
riod of time the cell can be brought back 
to its normal condition. 

At the completion of a charge, the 
electrolyte of a healthy cell is in a great 
state of activity. It appears. milky, 
throws off a lot of spray, and bubbles of 
hydrogen appear on the surface. If any 
of these signs are missing, the hydrometer 
will invariably indicate a low specific 
gravity, and if the attendant is positive 
that none of the faults already described 
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is present in the cell, then it is advisable 
to add some fresh acid. To do this while 
the cell shows signs of other trouble, 
however, is wrong, as a low specific- 
gravity reading, in many instances, is an 
indication of trouble other than low 
density. 

The charging and discharging of the 
battery must not be carried on in a hap- 
hazard manner, but must be done so as to 
conform strictly with the rated capacity 
of the battery. The charge or discharge 
capacity is rated in ampere-hours at an 
8-hour rate, and for the majority of 
plates it is 0.04 ampere-hours per square 
inch of surface on both sides of the posi- 
tive plates, and about 4 ampere-hours per 
pound of metal in both positive and nega- 
tive plates. For example, if a battery is 
rated at 400 ampere-hours, it can be dis- 
charged at 50 amperes for eight hours. If 
discharged at a higher rate for 8 hours or 
for a longer time at the proper rate, re- 
versals of cells, buckling of plates and 
other faults will be the result; and if 
this habit is persisted in the battery will 
deteriorate rapidly. A 400-ampere-hour 
pasted battery, for example, rated on 8 
hours, can be discharged, if conditions 
are favorable, at 140 amperes for about 
two hours, which is only 280 ampere- 
hours, but it would not stand such a dis- 
charge rate for three hours or even two 
and one-half hours if the performance 
were repeated often. Althongh in = an 
emergency, such as breakdowns, extra- 
heavy discharging is permissible, it must 
not be regularly practiced or the plates 
will not last long. 

If for any reason the use of the battery 
must be discontinued for any length of 

















FIG. 6. NEGATIVE PLATE OF GOULD STORAGE 
CELL 


time, it is best to take it out of commis- 
sion altogether in the following way: First 
give a complete charge and draw off 
the electrolyte. Fill the tanks with water 
and discharge the battery until the cells 
fall to about 1 volt each. Then draw off 
the water and the battery may remain in 
this condition until it is again wanted. 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





Air Compressor Valves 





Fig. 1 shows a simple form of valve 
used in certain vertical air compressors. 
Some of these valves have no guide other 
than that afforded by the spring which 
tends to close them, and a valve of this 
type will not wear true on the seat. In 
Fig. 2 is shown another fault in the de- 
sign of this type of seat; it has not suf- 
ficient metal backing. The constant clos- 
ing of the valve causes the seat to lower, 
as shown. I have seen them driven down 
until they struck the piston head of the 
compressor. Fig. 5 would be a _ better 
construction for these seats. Here the 
proper amount of metal is allowed for, 
the wear and lowering of the valve, and 
the piston head is recessed to allow 
proper clearance for the free working 
of the valve. 

Fig. 3 shows another form of valve that 
has a guide disk fast to it. This is some- 
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FIG. 3 


what better than the others and will work 
fairly well on a vertical compressor; 
but its use on a horizontal compressor 
would not prove of much value. When 
they become slightly worn, they will low- 
er on the seat and will hang and leak. 
The disk E might have been made thick- 
er, as it would form a better guide than 
when so narrow. When narrow in sec- 
tion it tends only to hang the valve when 
it becomes worn. 

In Fig. 4 will be seen a better construc- 
tion for a horizontal compressor valve, 
and if these guide disks are placed the 
proper distance apart, the valve will work 
satisfactorily, as these guide wings will 
hold the valve in a true horizontal posi- 
tion. The thickness of these disks should 
be sufficient to stand the wear. 

Fig. 7 illustrates another fault that has 
been noticed in compressors, that is, the 
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making of the valve too thin as shown by 
the dotted lines. Were the valve made 
as shown by the solid lines, the result 
would be satisfactory. In Fig. 6 will be 
noticed the Corliss type of compressor 
valve. I fail to see the advantage gained 
by the use of such a valve on a com- 
pressor cylinder and I think a_ poppet 
valve will certainly close more quickly 
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FIG. 4 
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FIG. 5 


and remain quite as tight. When properly 
made, the back flow from the compressed 
air will be less on the poppet type than 
on the Corliss operated by a crank lever. 
The Corliss valve will work well at one 
hundred pounds pressure, but in working 
air above this pressure it will be hard to 
lubricate, while the poppet valve can be 
worked to the limit. 

One other point in relation to com- 
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pressor valves should be noted; that is, 
the diameters in which they are made. The 
same rule will apply here as in a pump. 
It is better to have two valves than one 
large one, as the concussion becomes too 
great when the load is laid on the one. 
The diameter and the distance traveled 
by the poppet valve should be watched ; 
too large a diameter and too much travel 
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will cause great pressure and be the means 
of driving through the seat. 
C. R. McGaHeEy. 
Lynchburg, Va. 





What Is Trouble? 









In a recent editorial it was asserted 
that trouble is frequently the result of 
ignorance. Undoubtedly the statement is 
true, but it is not necessarily wilful igno- 
rance. There is a graduation of knowledge 
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from the most ignorant to the most 


learned and the combined knowledge of 
every generation is probably but a speck 
in comparison to infinite knowledge. 
There are those who seldom, if ever, 
have the same trouble the second time. 
One experience is usually needful to 
stamp a thing indelibly on the mind. After 
that it is wilful ignorance to let the same 
thing happen again. Many engineers make 
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their own trouble as they go along. They 
haven’t learned the lesson of letting well 
enough alone. They are forever keying 
up this thing and that, setting valves, regu- 
lating governors and “experiencing” gen- 
erally. There is also a limit to letting 
things alone, as they will certainly de- 
teriorate with use. 

The conservative man who keeps a keen 
eye out for every evidence of coming 
trouble, with the view of preventing it, 
is the man who has the least trouble. 

After every phase of the subject has 
been gone over, however, we must still 
admit that the best and wisest of men 
have their troubles. 

Epwarp T. BINNs. 

Philadelphia, Penn. 





Centrifugal Pumps 
ay, 

I recently placed an engine in a small 
water-works plant to run a_ belt-driven 
centrifugal pump of the vertical type 
placed in the bottom of a circular pit 
40 feet deep and connected to a _ I0- 
inch well. The discharge was 6 inches 
in diameter and extended vertically to 
the surface of the ground, thence horizon- 
tally for about 100 feet and discharged 
into a standpipe 118 feet high. A check 
valve was placed in the horizontal pipe 
to keep the water from returning to the 
well, and as there was always a little sand 
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CENTRIFUGAL-PUMP CONNECTION 


when first starting, a 6-inch tee was 
placed between the check valve and the 
pump and reduced to 4 inches and a 4-inch 
pipe led to the sewer. A gate valve 
was placed in the 4-inch line and closed 
after the water had cleared. There were 
no other valves than those described and 
shown in the sketch. 

{n starting the pump, the gate valve is 
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opened and the water allowed to flow 
into the sewer, which it does without lift- 
ing the check valve, although it takes 
more power than it does when pumping 
into the standpipe. When the gate valve 
is closed the check valve opens auto- 
matically and the load on the engine is 
decreased 12 per cent., while the amount 
of water handled is increased 18 per 
cent. 

If it takes more power to pump through 
the 4-inch pipe to the sewer, why does 
it not lift the check valve and pump into 
the standpipe? 

A. G. Davis. 

Welsh, La. 





Electrolysis and Superheat 





I was interested in reading the article 
by Thomas Sawyer in the March 2 num- 
ber, under the heading “Electrolysis and 
Superheat.” 

It reminded me of several experiences 
I had which, although electrolysis was 
not the culprit the action was _ similar, 
in eating away brass fittings, etc. 

Several years ago the boilers in a cer- 
tain steam plant were fed from a well on 
the premises, which gave excellent water 
containing no scale-making matter; but 
after this water had been in use for 
about two years, the plugs on the front 
manifolds of the down-draft furnaces 
would blow out. These plugs were brass, 
and the firemen had several narrow es- 
capes from being scalded. All brass valves 
and gage cocks were attacked and leaked 
and the affected parts had no resemblance 
to brass, but looked like dull zinc, and the 
screwed portions could be crumbled off 
by rubbing with the hand. An investiga- 
tion showed this water to be strongly 
impregnated with ammonia. 

In another instance, a boiler in a hotel 
was being opened for inspection; the en- 
gineer was taking out the manhole plate, 
the inspector standing just behind him. 
As the plate was taken out, the torch in 
the engineer’s hand ignited a rush of 
natural gas, which painfully burned both 
men. Investigation showed this gas was 
pumped into the boiler from a well, and 
as the whole house got its supply of water 
from this well, the gas was distributed 
throughout the piping. As there was 
danger of more accidents this well was 
abandoned. 

One engineer was killed in a factory, 
due to an accumulation of sewer gas in 
his boiler, which had a blowoff pipe lead- 
ing directly into the sewer. The boiler 
was blown off on Saturday night, and 
on Sunday morning the engineers went 
down to clean it. On taking out the 
manhole plate above the tubes on the 
back end, his torch set fire to the gas, 
which evidently blew him against the brick 
wall at the rear of the boiler, crushing 
his skull. He was found lying across the 
back arch, dead. 
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The theory was that as the boiler was 
blown empty and, cooling over night, a 
vacuum was created inside and the sewer 
gas rushed in through the blowoff pipe. 

Mitton HEGLIN. 

Cincinnati, Ohio. 





Knock in Engine Crank 





Regarding the knock in the crank of 
J. W. Bryan’s 18x48 engine, I am inclined 
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CURING KNOCK IN ENGINE CRANK 


to think that he has a side knock. The 
symptoms are exactly the same as in 4 
similar occurrence with a 16x36 Corliss 
engine running at 100 revolutions per min- 
ute. The usual theory is that the cause 
of a side knock is that the engine is 
slightly out of line. This may be so in 
some cases, but is not so in all. 

The engine specified is a new one, hav- 
ing been run about six months, and is 
perfectly in line, but the erecting engineer 
left it with plenty of play in the brasses. 
We keyed up more and more until we had 
about reached the limit as regards cool 
running, and still that exasperating sharp 
knock on the center, sometimes all the 
time and sometimes intermittent. 

One night while looking it over I 
pulled the crank rod over and found that 
there was considerable play between the 
washer on the pin and ‘the side of the 
brasses; also lost motion between the 
strap and the edge of the brasses. This 
seemed to solve the problem, for owing 
to the centrifugal force of the crank, the 
box was thrown first to one side of the 
pin and then to the other; sometimes it 
would remain on one side for several 
revolutions and consequently no sound 
was heard; then it would suddenly appear 
as bad as ever. The collar on the end of 
this particular crank pin was removable 
and was held to its place by a_ heavy 
screw tapped into the end of the pin. 
This we removed, and noting the amount 
of side motion, we put this washer into 


“a lathe and turned it the requisite depth 


and of the same diameter as the pin. 
This enabled the washer to fit over the 
pin, as shown in the illustration, thus 
bringing it up to the brasses. When re- 
cessing we turned out a little more than 
was really necessary and substituted two 
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or three thicknesses of paper to allow for 
future adjustment. We then sweated a 
thin piece of brass on the side of the 
brasses, filing them down to a fit, after 
which we put them together and tried the 
engine out again. After making a few 
changes, as regards taking out or adding 
more paper packing, the pound disap- 
peared and has not appeared since. 

In some cases where the collar on the 
outer end of:the pin is a part of the pin 
itself the brasses may be taken out and a 
piece of sheet brass sweated onto the 
sides and then fitted as stated. 

CuHaArtes H. Taytor. 

Bridgeport, Conn. 





Relative Rate of Heat 
to Water 


Transfer 


The article in the issue of January 12 
on “Relative Rate of Heat Trans- 
fer to Water at and below the Boiling 
Point,” by W. H. Sawdon, is a good il- 
lustration of the very erroneous conclu- 
sions that are liable to be drawn from 
rough and ready experiments. My rea- 
sons for thinking that the conclusions the 
author comes to are erroneous, are as 
follows: 

The temperature of the air on the day 
of the “bare” test was about 1o degrees 
lower than when the test with hair-felt 
covering was made, which of course will 
account for a large amount of radiation. 

That the experiment was very carelessly 
carried out is evident from the following 
results : 








BarE TEsT. CovERED TEST. 





Rise of 
Temp. 


Rise of 
Temp. 


3 min. 
6 min. 
9 min. 
12 min. 


Time. 


6 min. 
9 min. 
12 min. 











In the covered test the rise of tem- 
perature in 3 minutes varied from 18.5 
degrees Fahrenheit to 42 degrees Fahren- 
heit. Comment is needless. 

The heat capacity of the vessel, the 
stand and the iron rods, ete., was ne- 
glected, which would seriously affect the 
result and render the test 
worthless. 


absolutely 


The bunsen burner was sending up a 
large volume of hot gas, which in passing 
upward surrounds the vessel to be heated 
and forms an inclosing wall from which 
heat will be radiated to the vessel during 
the tests, but the writer of the article as- 
sumes that the radiation will be the same 
when the gas is turned off and heat is be- 
ing radiated from the vessel instead of 
to it. 

It may interest the writer of the article 
to know that when very careful tests of 
this character are made, in which every 
precaution against error is taken, the rate 
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of transmission during heating of the 
water is only 2 or 3 per cent. lower than 
when the water is boiling. 
JoHNn GoopMAN. 
Leeds, England. 





Repairing a Broken Bracket 


One morning while starting up a large 
Corliss engine the head-end dashpot be- 
came stuck in some manner, and as the 
trip rose the steam bracket was cracked 
at A. Of course it was necessary to shut 
down to repair the break, as the bracket 
was very shaky and liable to crack off at 
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REPAIRING A BROKEN BRACKET 
the top at any moment. Upon telephoning 
to the representative of the builders of 
that particular style of engine we were 
informed that it would be at least four 
days, and possibly a week, before a new 
bracket could be obtained. We _ ‘here- 

fore decided to repair the old one. 
The bracket was taken off and carried 
to the machine shop, where a sheet of 


‘iron, about 5/16 inch thick, was found. A 


piece about 4 inches square was cut from 
this and bent to fit and inclose the por- 
tion of the bracket that was cracked, as 
shown at B and C. The plate was then 
doweled onto the bracket, 10 pins being 
put on each side of the crack. After this, 
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the plate was smoothed down, polished, 
and the bracket replaced. It has been run 
for three years and appears to be in as 
good condition and as strong as a new 
bracket, if not stronger. 
Watpo L. WHITMARSH. 
Phenix, R. I. 





Difference in Economy in Large 


and Small Engines 


On page 602, of the March 30 number, 
William E. Snow gives a graphic illustra- 
tion of the difference in economy of a 
large and a small engine for the same 
work. 

Mr. Snow carries the conditions to ex- 
tremes, but there is one point that is 
usually lost sight of and that is the re- 
sistance to the piston in noncondensing 
engines to which I understand he refers. 

Assume that we had an engine with 160 
square inches piston area and 500 feet 
piston speed. With 33 pounds mean ef- 
fective pressure it will give 80 horsepower. 

An engine having the same piston speed 
and mean effective pressure would require 
50 inches of piston area to do 25 horse- 
power. Suppose the larger engine should 
be loaded to 25 horsepower, it would re- 
quire but 10 pounds mean effective pres- 
sure. Add the back pressure, which would 
amount to 16 pounds, and we have 26 
pounds, and 


26 X 160 X 500 
33,000 





= 63 
horsepower. If, to'the 33 pounds we add 
the 16 pounds to the smaller engine we 
have 49 pounds, and 


49 ¥ 50 X 500 
33,000 


horsepower. This shows the effect of 
atmospheric resistance, and is one reason 
why the small engine shows up so well, 
everything else being equal. 

When it comes to a condensing engine 
the same thing, but in a different form, 
enters into it. Previous to 1870, the in- 
dependent condenser was almost unknown, 
and the most ordinary engines were run 
noncondensing. 

A man had an engine with 24-inch cyl- 
inder and at about this time a barometric 
column, known as the Ransan condenser, 
came out and this manufacturer attached 
one to the 24-inch cylinder and it showed 
up a saving of nearly 30 per cent. 

He reasoned that if the vacuum would 
show such a result with a 24-inch 
vacuum, a much larger saving could be 
effected with a 30-inch cylinder with so 
much larger area, so he replaced the 24- 
inch cylinder with a 30-inch one and lost 
on economy instead of gaining. 

This was not caused by any extra cyl- 
inder condensation, although that may 
have helped a little, but it so happened 
that with the 24-inch cylinder, the ter- 
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minal pressure was at about atmospheric 
pressure and he had the benefit of the 
vacuum the full length of stroke, while 
with the 30-inch cylinder the cutoff was 
shortened so much as to reduce the ter- 
minal pressure and cut out the effect of 
the vacuum for a portion of the stroke. 

The same thing is done in many cases 
on a compound engine by carrying a high 
receiver pressure with a short cutoff in 
the low-pressure cylinder and cutting out 
the effect of a large amount of vacuum. 

It also adds resistance to the high- 
pressure cylinder and does not get the 
highest efficiency from it. 

Many engineers have learned that the 
highest economy in a compound engine is 
obtained by carrying the receiver pressure 
so that full atmospheric pressure shall 
be carried as near full stroke as possible 
in the low-pressure cylinder. 

W. E. CRANE. 

Broadalbin, N. Y. 





Oil Frothing Test 


In carrying out an oil-frothing test a 
small amount of mercury was placed in a 
test tube and heated slowly, stirring with 
a thermometer until the temperature of 
the steam was reached. See Fig. 1. A 
drop of oil was then allowed to run 
down the side of the tube. See Fig 2. 
It it frothed, the oil was rejected as 
containing volatile elements which would 
be vaporized and which could not there- 
fore be arrested by the oil separator. It 
was found, however, that if the oil should 
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is vaporized at steam temperature is to 
that extent valueless for cylinder lubri- 
cation, since the oil gas has no lubricating 
value, and it would be better economy in 
every respect to buy the more suitable, 
although, perhaps, more expensive oils. 

Grorce H. Gipson. 

New York City. 





Homemade Engine Stop 


Some time ago the writer happened to 
be in the engine room of a manufacturing 
plant, when his attention was attracted to 
a rather ingenious device in the way of a 
homemade engine stop. The engineer 
explained that from some cause the en- 
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cord is run over pulleys and connected 
with a weight of sufficient size to unwind 
the cord from the drum as it descends, 
thus closing the throttle. Ordinarily the 
cord is wound on the drum and _ the 
weight suspended at sufficient hight en- 
tirely to shut off steam in its descent. The 
drum comes off for starting and stopping 
and is placed on a hook out of the way. 

The scheme for releasing the weight is 
that of a sliding bar, one end of which is 
caught under a pin in one edge of the 
pulley directly over the weight. As it is 
barely caught, an endwise movement of 
14 inch will release the weight. The other 
end of the bar is connected to the upper 
end of a bell crank which is hinged at 
the elbow. The longitudinal arm of the 























water this 


small amount of 
test would be misleading, since the water 


contain a 


produces a similar effect. Where the 
oil froths, therefore, the frothing tests 
are supplemented by the more complicated 
flash test. 

This matter of testing cylinder lubri- 
cants is something well worth knowing 
by the operating engineer, as it occasion- 
ally happens that cylinder oils are used 
which make the complete separation of 
oil practically impossible. An oil which 
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FIG, 2. 


gine had run away several times and in 
each instance disaster was narrowly 
averted. Accordingly, he had set about 
to produce an automatic engine stop at 
small cost. The accompanying sketch 
gives an idea of his apparatus. It is re- 
ported to have fulfilled its function faith- 
fully several times. 

There is a detachable drum fastened to 
the throttle of the engine with enough 
sash cord wound on it to correspond with 
the threads on the stem of the valve. The 





Power, N.Y. 


bell crank is in contact with the stem of 
an ordinary flyball governor, which in 
turn is connected by a belt to the engine 
shaft. The stud of this governor is ad- 
justed so that it will not act until the en- 
gine has reached a speed beyond the range 
of the regular governor, at which time 
the stem is passed downward, causing the 
weight to be released and a prompt shut- 
down is the result. 

Epwarp T. BINNs. 
Philadelphia, Penn. 





Rope Drive 


In commenting on Mr. Myers’ “Rope 
Drive” with which the Wisconsin Cor- 
liss engine is equipped, I had no intention 
of “knocking” the rope drive. On the con- 
trary, I think it is a good thing, but as 
it is an effort to make a more reliable 
governor drive, why not go farther and 
make it better still? When you consider 
the strength of a rope drive you can’t 
help thinking that its strength is a weak- 
ness. 

If a governor sticks and is equipped 
with a rope drive there is going to be 
something doing and that something will 
be a bent or broken governor shaft. 
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I believe this risk could be avoided if 
the friction could be eliminated and I be- 
lieve a roller bearing would do the trick. 
If Mr. Myers wishes to do a good act, 
let him get hold of the “badger’s” ear 
while the animal is in a receptive mood 
and suggest a roller bearing as a team 
mate for the rope drive and then he will 
have something to talk about. 

R. McLaren. 

Berlin, Ont. 





Flat Crank Pins 





Crank pins, in my opinion, always wear 
more or less flat, according to the amount 
of pressure exerted on the pin and the 
material of which the boxes are made. 
This may be better illustrated by referring 
to the circle representing the path of 
travel of the crank pin. Steam is ad- 
mitted while the piston is at the end of 
its stroke and carried, presumably, to one- 
fourth stroke before cutoff is obtained. 
Consequently, during this period of pin 
travel, it is subjected to the maximum 
pressure. After cutoff has occurred the 
remaining force acting on the pin is pro- 
duced by the expansion of the steam im- 
prisoned in the cylinder, and as the piston 
nears the opposite end of the cylinder this 
propelling force becomes correspondingly 
smaller until the point of absolute re- 
lease is reached. This would seem to 
me to prove that the most wear must be 
at the point of maximum pressure. 

Crank pins fitted with babbitt-lined 
boxes will not wear as fast as those con- 
structed of bronze, owing to the fact that 
the babbitt, being of a softer nature than 
the pin, will more readily wear away. 
But even in this case, in time a flatness, 
however slight it may be, will be found 
at the maximum point of pressure on the 
pin. 

Another point is that the maximum 
wear on the crank pin is on the same side 
ef the pin for both strokes, and not on 
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PATH OF TRAVEL OF CRANK PIN 


opposite sides, as is very often supposed. 
This may be understood in a better man- 
ner by referring to the pin travel in the 
illustration and following the supposed 
travel of the crank pin from one center 
to the other. 
Cuartes H. Taytor. 

Bridgeport, Conn. 
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Locating Ground in Line with 
an Ohmmeter 





The accompanying sketch shows how 
to use an ohmmeter for locating a ground 
on line circuits. The B and C represent the 
ends of a circuit which is grounded at G’, 
the distance of ground from B being un- 
known. To determine the distance from 
B to G’ connect the ohmmeter across the 
line from B to C and get the total re- 
sistance of the line which, for example, 
we will call 4 ohms. Connect one side 
of the ohmmeter to the ground and the 
other side to one side of the line B, as 
shown in the sketch, and read the re- 
sistance, which will be the resistance 
through the line B to ground G’ and 
through to G; call this 11 ohms. Then 
disconnect the line B from the ohm- 
meter, connect the line C and take the 
resistance through the line C to the 
ground G’ and through to G; call this 13 
ohms. 

The formula for resistance of the line 
to G’ from B, or X, is: 


1+13—4 
2 





11 — a, 


or I ohm. 
This resistance divided by the resistance 


Obhmmeter 


B 
C +G' oc | 
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LOCATING A GROUND WITH AN OHM METER 


of the line per foot gives the distance in 
feet from Bb to ground G’. 
R. L. MossMan. 


Fremont, Ohio. 





Uncover the Joints 





In view of the large number of boiler- 
joint troubles of late, I think it should 
be made a#United States law that in all 
boilers, whether lap-seam or butt-strap, 
there should be some convenient way of 
inspecting the outside of the joint, and 
especially is this necessary with the butt- 
strap joint, as it is utterly impossible to 
detect a crack along the outer row of 
rivets, which are in single shear, because 
the inner strap covers a wider area on 
the inside, and a crack from one rivet 
hole to another is entirely hidden except 
from the outside. 

Three years ago I was told by an in- 
spector that the company had no record 
of a triple- or quadruple-riveted double 
butt strap having given trouble, but from 
recent reports published in Power, three 
cases were reported from one company 
alone. In these cases steam was seen 
coming up through the brickwork and 
after removing the bricks a long crack 
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was found. It is singular that all of these 
cracks have been about 18 inches long, 
and it is reasonable to believe that these 
cracks start by degrees. 

With the idea carried out as shown in 
the sketch, the joint can be looked at as 
often as desired by lifting out the cover- 
ing with the handle. There are scores of 
boilers in operation today that are twenty 
years old and the joint has never been 
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seen; if uncovered, I have no doubt they 
would disclose longitudinal cracks. 
A. C. WALDRON. 
Lynn, Mass. 





Engine Stopped by Rat 





In a large tannery a rat took lunch 
from the rope-transmission line. The 
engineer blew the whistle for starting in 
the morning, but the rat failed to get 
away and became caught in such a 
way that his tail extended beyond the rope 
like a strand. 

The was protected by a tell- 
tale wired to an automatic engine stop so 
that should the rope strand, it would oper- 
ate it, and the rat’s tail, operating the 
automatic stop, shut down the engine. 

F. S. PALMER. 


rope 


Chicago, IIl. 





A Cause of Engine Wreck 





In the letter, “A Cause of Engine 
Wreck,” published in the March 23 num- 
ber, page 563, by W. E. Crane, the ques- 
tion is asked: “If the long rod of the 
governor be lengthened and the short one 
shortened what will be the result?” 

The result will be according to the me- 
chanism of the valve gear. Take for 
instance one type of Corliss engine; to 
lengthen the long rod and shorten the 
short one will shorten the cutoff, and if 
changed enough, the engine will not take 
steam at all, as the trip collar would be 
forced under the disengaging hooks. 

The proper and only right way to 
change the speed of a governor of this 
type of engine is to change the size of 
the pulley. A weight arm can be at- 
tached and a weight added to it, but this 
makes the engine sluggish. The thing 
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to do is to set the cutoff at the proper 
point for the load to be carried, and 
the governor will do the rest. 
JoseEpH F. SUMMERS. 
Duranga, Colo. 





More Frequent Internal Inspection 





In answer to H. E. Gansworth’s letter 
in the March 9 number, under the head- 
ing, “More Frequent Internal Inspec- 
tions,” I wish to state that there are two 
sides to this story. 

He starts to say there are inspectors 
and inspectors, ete., but all through his 
letter he condemns them generally. He 
may or may not have a grudge against 
boiler inspectors, or perhaps he sells boil- 
er-cleaning devices. No doubt there are 
inspectors who do not do their full duty, 
but there are plenty who do. 

In the case he cites where ten wheel 
barrows of scale were taken out of the 
boilers, the inspector was at fault if he 
did not order a cleaning, but the other 
case where four 150-horsepower boilers 
were pushed to their utmost and, after 
cleaning, three boilers did the work, shows 
that these boilers must have been in pretty 
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As to taking out 260 pounds of scale, a 
large boiler can easily contain that amount 
without one calling it a dirty boiler, as 
the scale might be plastered very thinly 
over the surfaces. 

Another phase of this question is that 
a great many owners, managers and super- 
intendents become very indignant when 
told by an inspector that the boilers need 
better cleaning, maintaining that they have 
a good engineer, who knows his business, 
and that the boilers have never given 
trouble from being dirty; and there it 
ends. I know of many ‘cases where the 
insurance was promptly canceled until the 
boilers were cleaned, and kept in a less 
dangerous condition. I also know that 
insurance companies are always willing to 
make suggestions, analyze feed water, and 
in other ways try to help the owner keep 
his boilers in good condition. 

Mitton HEGLIN. 

Cincinnati, O. 





Using the Ohmmeter for Testing 
Armature Coils 


The accompanying sketch shows how 
to use the ohmmeter (described in a 
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TESTING ARMATURE COILS WITH AN OHMMETER 


bad shape, due to scale, and no inspector 
worthy of the name would have called 
them clean. These three boilers are cer- 
tainly wonders, as in preceding numbers 
of Power authorities have shown that ex- 
periments with scale showed that a boiler 
could be in a very dangerous condition 
due to thickness of scale, without showing 
perceptible increase in the use of fuel. 

| know of one case in particular where 
the boilers had a slight covering of scale, 
and the inspectors so reported. These 
hoilers were in good hands?and the scale 
was kept down to a small amount, and 
no recommendation was made by the in- 
spectors for better cleaning; in fact, these 
hoilers were in a good practical condi- 
tion, and no fault could be found with 
them. An “enterprising salesman” came 
along, induced the manager to buy his 
tube cleaner, with the usual guarantee, 
etc. The engineer objected to using it, 
ut the manager insisted. One boiler was 
experimented on, with the result that all 
tubes were loosened in the back head, 
and as the boiler was 15 years old, it had 
to be retubed, and the owner paid the 


bill. The cleaner was thrown under the 
be: ch 


late issue), for locating faults in armature 
coils. 

Two small copper clips B B are con- 
nected to the ohmmeter as shown, these 
clips being held to each segment of the 
commutator by a rubber band A. Mark 


the segment at the starting point and 
take the resistance of the coils betwecn 


ach segment. If the readings show the 
same all the way around, the coils are in 
good condition. If short- 
circuited its resistance will be less than 
the others. If a coil is open the re- 
sistance will be higher. By connecting 
one clip to the armature shaft and the 
other to the commutator the 
to the shaft can be measured. 

In testing the armature coils the lowest 
resistance in the ohmmeter should be 
plugged in, as the resistance of the coils 
is very low. In testing for grounds be- 
tween the coils and shaft, plug in the 
highest coil in the ohmmeter. I have 
found that this is about the shortest meth- 
od to locate a fault in an armature and 
locate the defective coil without discon- 
necting the coils from the commutator. 

R. L. Mossman. 


one coil is 


resistance 


Fremont, O. 


939 


A Case of Bagging 





Some months ago I saw a boiler in a 
repair shop that had quite an unique 
history. The sheet over the fire was 
bagged down 4% inches over a I0x1I4- 
inch section. 

The boilermaker had an order for 
three 6x16-foot boilers of the return-tubu- 
lar type. The engineer of the firm from 
which the order was received directed that 
th> blowoff pipes be inserted in the rear 
head, 2 inches from the bottom. The 
engineer stated that he had had 4o years’ 
experience in handling steam plants, and 
that they could install them as he wished 
or some other firm would get the job. 
In addition he directed that the boilers 
be set with the front ends 2 inches low- 
er than the back 


ends. The result 


was 
that in course of time all three boilers 
bagged. 

Epwarp T. BINNs. 


Philadelphia, Penn. 





Repairing a Worn Guide 


Mr. McGahey’'s letter in the April 13 
number, about a worn guide, particularly 
interested me, as I am a crank on the sub- 
ject of slides. 

If Mr. McGahey would cut off enough 
of both ends of the lower guides, the 
guide would never wear concave, and if 
he got it just right it would not wear 
enough in years to need taking up, much 
less re-scraping. 

Engineers reason out the advantage of 
making a crosshead longer, but they will 
not listen to the history of actual facts 
and cut off the guides. When I am dead, 
and people begin to quote me as an 
authority (if they ever do), maybe they 
will do so. 

Engineers may ask: “How much must 
I cut off?” Keep cutting them off until 
they stop wearing concave. Scrape the 
the guide. If the scraper 
marks wear out in the middle the guide 


is too long. 


surface of 


We find that in the Straight Line en- 
eine we have to cut off the guide until 
the crosshead overruns one-half its length. 
This is all explained in the 50-cent book 
that the publishers cannot scll and I can- 
not give away. 

Different crossheads and different stroke 
engines would need special exneriments to 
determine the proper amount to cut off. I 
say cut off, because everybody but the 
Straight Company, in its 
recent engines, makes them too long. 

If I am in error about this, it’s up to 
someone to tell me so. 


Line Engine 


Joun FE. Sweet. 

Svracuse, N. Y. 

[The book Professor Sweet refers to is 
his book on “Things That are Usually 
Wrong,” published by the Hill Publishing 
Company.—Epirors. ] 
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Will the Load on the Bolts Change? 


Referring to G. A. Glick’s problem ap- 
pearing in the March 30 number, I should 
say that the stress on the bolts in either 
cylinder would be exactly the same, pro- 
vided the elastic packing was cut to the 
exact size of the cylinder, so that there 
would be no recess between the cylinder 
and head owing to the packing being cut 
larger at the inside edge than the diameter 
of the cylinder, or so that the steam would 
have the same area to work. 

Each of the twelve bolts is placed under 
an initial stress of 1000 pounds, conse- 
quently the head is held against the cyl- 
inder by a force of 12,000 pounds and 
the. initial stress on the bolts would not 
be increased until the total pressure of 
steam on the head exceeded 12,000 pounds. 

One hundred pounds steam pressure per 
square inch, in this case, would neither in- 
crease nor decrease the stress on the bolts, 
since a pressure of 100 pounds on an area 
of 120 square inches is 12,000 pounds, and 
as long as the pressure does not exceed 
100 pounds per square inch there would 
be the same stress on the bolts without 
the steam pressure as with it, or 1000 
pounds on each bolt. 

If in this case, however, the pressure 
should exceed 100 pounds per square inch, 
more stress would be put on the bolts, as 
the total pressure of the steam would 
then be in excess of the 12,000 pounds 
with which the head is held against the 
cvlinder by the bolts. 

Ratpo F. BLANCHARD. 

Fitchburg, Mass. 


We will first consider the case with 
the ground joint. When the flanges are 
pressed together they are far less yield- 
ing than the studs, and can therefore be 
considered as noncompressible, and the 
studs, due to their elasticity, can be con- 
sidered as springs. In the case of a 
ground joint with the substitution of 
springs for bolts, the total area of the 
cylinder is, as given, 120 square inches 
and the pressure per square inch as 100 
pounds. 

Then 

120 X 100 = 12,000 
pounds, the total pressure acting against 
the cover from the inside. 

The initial tension on the 12 studs or 
springs is 1000 pounds each, hence the 
total pressure holding the cover against 
the cylinder is 12,000 pounds. This pres- 
sure acts in an opposite direction to the 
internal pressure. To increase the ten- 
sion on the springs or studs, they must 
be subjected to a further elongation, and 
to do this the total internal pressure must 
be greater than the total initial pressure. 
Since the external force applied equals 
the initial stress, the tension on each 
stud for the ground-joint case is 1000 
pounds. 

With the packing between the cover and 
cylinder, we have a different state of af 
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fairs. Here we have the flanges and pack- 
ing in compression and the studs in ten- 
sion. Substituting springs in place of the 
elastic packing, the total initial tension 
on the studs is 12,000 pounds, hence the 
total stress in the springs acting against 
the cover is 12,000 pounds, or 1000 pounds 
per stud. The total internal pressure is 
the same as in the first case. The direc- 
tion of the initial and internal forces is 
the same, hence the total stress on the 
studs (considering that relatively to the 
packing the stud is inelastic) will be the 
sum of the initial and internal stresses, 
therefore: 


12,000 + 12,000 = 24,000 
pounds, or 2000 pounds per stud. 


Joun B. Sperry. 
Aurora, IIl. 


Replying to G. A. Glick’s problem, we 
find that the total pressure of the steam 
is 

120 X 100 = 12,000 

pounds. Each of the twelve studs carries 
1/12 of 12,000 pounds or 1000 pounds of 
the steam pressure. This 1000 pounds 
will be called the external load. Under 
the conditions of a ground joint, there 
is practically no elasticity of the parts 
held together, the stud is comparatively 
elastic and there is a certain elongation 
due to tightening up. It is evident that 
the initial stress, due to tightening the 
nuts, holds the head in contact with the 
flange of the cylinder. There can be no 
separation of the parts until the internal 
load per stud exceeds the stress due to 
tightening up, and until the parts separate 
there can be no additional stress in the 
studs. Therefore, a load up to and in- 
cluding the pressure due to the stud nuts 
puts no additional load on the stud. Any 
load beyond the initial stress will cause 
a stress in the studs equal to this load. 
For any pressure less than 100 pounds per 
square inch, no stress beyond the initial 
stress is induced in the bolt. As soon as 
the pressure exceeds 100 pounds per 
square inch, the surfaces of the cylinder 
and head will separate. 

Consider the parts with a packing be- 
tween, compared to the elasticity of the 
gasket, the studs may be considered in- 
elastic. In this case, there is an initial 
stress due to screwing up, and any ad- 
ditional pressure in the cylinder will act 
directly on the stud causing an additional 
stress, and at 100 pounds pressure, there 
will be a stress of 200 pounds in each 
stud. The load on the studs is inter- 
mittent. 

Harry ANDERSON. 


New York City 


There are 12 studs from the flange of 
the cylinder through the head, and the 
nuts are tightened until there is a tensile 
stress of 1000 pounds in each of them; 
there would, therefore, be a force be- 
tween the head and flange exerted me- 
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chanically through the wrench and nuts 
of 

I2 X 1000 = 12,000 
pounds, which we will call the “mechani- 
cal force.” 

When a charge of steam is admitted to 
a cylinder it acts similar to a spring under 
compression, and tends to separate the 
head from the cylinder. This has the 
effect of decreasing the mechanical force, 
for the simple reason that it takes a part 
of the stress on the studs remaining con- 
stant. And if the steam acts upon an 
area of 120 square inches on the head 
and a charge is admitted at 100 pounds 
pressure, then the mechanical force would 
be entirely removed because a force of 

100 X 120 = 12,000 
pounds, would be exerted against the 
head and the mechanical force neutralized, 
leaving the same stress on the studs as 
before. Therefore, the stress on the 
studs would be constant for all steam 
pressures above atmosphere up to 100 
pounds. But if there were an increase of 
steam pressure above 100 pounds, then 
the stress on the studs would increase an 
amount proportionate to the increase in 
steam pressure, and if the steam pressure 
were below atmosphere, or a_ partial 
vacuum within the cylinder, the stress 
on the studs would decrease a correspond 
ing amount. 
Cuartes F. Ciark. 
Hartwick, N. Y. 


I should say that the strain on the 
stud bolts is exactly the same when a 
pressure at 100 pounds per square inch 
is admitted into the cylinders. As there 
are twelve studs and each is under 1000 
pounds strain we have 12,000 pounds. 

This 12,000 pounds is exerted against 
the end of the cylinder when there is no 
pressure in the cylinder. When pressure 
is in the cylinder at 100 pounds per square 
inch, it gives a total pressure on the cyl- 
inder head of 12,000 pounds, which is 
opposed by 12,000 pounds on the studs. 
This relieves the pressure between the 
cylinder head and the end of the cylinder, 
and I should expect the packing to blow 
out of cylinder No. 2. The load in 
pounds per bolt is the initial strain in 
both cases. 

FRANK W. CERNY. 

Mesa, Ariz. 


I should say that the stress on the 
studs of each cylinder will remain the 
same regardless of the style of joint, 
ground or otherwise; as any stress due to 
the elasticity of the packing is included 
in the initial stress of 1000 pounds. 

For either cylinder, the stress per bolt 
due to the steam in the cylinder at 100 
pounds pressure would be 100 times 120, 
divided by 12, or 1000 pounds. The 
total stress per bolt would be 1000 plus 
the initial pressure of 1000 or 2000 pounds. 

Anpbrew B. DurYEE. 

New Rochelle, N. Y. 
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Some Useful Lessons of Limewater 


More about the Chemistry of Carbon; Its Connection with Gas Pro- 
ducer Work; A New and Simple Oxidation Table; What a Heat Unit Is 





BY CHARLES 


In the study of chemistry, go as far as 
you will, you will never get beyond the 
chemistry of carbon. We have seen that 
it has its simple series of compounds, 
from reduced to oxidized extremes, in 
which it is imitated by many of the other 
elements, and several minor but large series 
of compounds, from reduced to oxidized 
extreme, in which it is not imitated by any 
other element. Indeed, in a sense, the com- 
pounds of this one element, carbon, are 
more in number than all the compounds of 
all the other elements put together. This 
looks like a large and extravagant state- 
ment, and like most large statements it has 
its qualifying clause, which is that when one 
speaks of the “compounds of carbon,” he 
implies its compounds with oxygen and 
hydrogen, and also with certain other 
helpers, such as sulphur, nitrogen and the 
like. No element can have compounds 
without borrowing the union of itself with 
other elements; and so carbon must bor- 
row the help of other elements to count 
up its really enormous list of series of 
compounds. 

In these elementary lessons we shall 
quickly go on with the natural study of 
nitrogen, sulphur, chlorine, sodium, potas- 
sium, calcium, iron and so forth, but one 
must remember that just around the cor- 
ner stands carbon with its almost infinite 
possibilites. If one were asked how one 
little mind of common students like your- 
self or myself can hope to master even a 
small part of all that, the answer is plain 
and easy. When you are ready for it— 
not now, but later—iust pick out one or 
two of the simplest hydrocarbons, such 


as methane and ethane, and master these 


fairly well, paying attention to the others 
and higher ones only just enough to see 
what complexities they offer which are 
not illustrated by methane and ethane. 
Then the great subject becomes fairly 
easy and intelligible. But before we do 
that we should get some notion of the 
chemistry of the more important things, 
such as the common acids and bases, the 
common reducers and oxidizers, the com- 
mon water absorbers or “dehydrators,” 
and so on. Also, one must know some- 
thing of analysis, which is the finding out 
what are the ingredients of common 
things. 

Analysis is called “qualitative” if it 
aims simply to find out what ingredients 
are in any special compound; analysis is 
called “quantitative” if it aims to find out 
how much there is of any ingredient in 


>. 


any compound. Thus, one might attack 
common limestone to find out what ele- 
ments are in it. One would soon find out 
that limestone carries only calcium, car- 
bon and oxygen—that would be “qualita- 
tive” analysis. But if one should go 
farther and find out how much there is of 
each ingredient, calcium, carbon and 
oxygen, in the limestone—that would be 
called “quantitative” analysis. As a mat- 
ter of fact, quantitative analysis does not 
usually really go on to the exact quantity 
of the elements themselves, but stops 
short at certain compounds of the ele- 
ments. Thus, the composition of lime- 
stone is usually not stated in terms of 
calcium, carbon and oxygen, but simply in 
terms of carbon dioxide and lime or cal- 
cium oxide, thus: One hundred per cent. 
of pure limestone is made up of some 56 
per cent. of calcium oxide and some 44 
per cent. of carbon dioxide. That is to 
say, it acts as though it contained these 
things in these proportions, for the car- 
bon dioxide is so firmly “fixed” with the 
oxidé of calcium and the calcium oxide is 
so firmly bound to the fixed gas that they 
act like one pure substance which is like 
no other thing in the world. One 
can easily calculate from the per cent. 
of carbon dioxide and calcium oxide 
in limestone or marble how much there 
is of each, carbon, calcium and oxygen; 
and if the results of the analysis are calcu- 
lated out to that point, then the analysis 
is called an elementary or “ultimate” 
analysis. But there is another reason why 
the analysis is usually stopped at the half- 
way house of calcium oxide and carbon 
dioxide, rather than at the terminus of 
carbon, calcium and oxygen, and that is 
that the substance, limestone, actually 
falls to pieces in analysis; and the pieces 
picked up are much like carbon dioxide 
and limestone; and the results are so 
stated. If heated strongly, limestone falls 
into the gas, carbon dioxide (which is 
collected in a solution of strong caustic 
soda), and lime (which is weighed as 
lime). The carbon dioxide unites with 
the caustic soda to make sodium carbon- 
ate, but one does not stop to separate the 
soda carbonate from the rest of the caus- 
tic soda, but simply weighs the caustic be- 


. fore and after the absorption of the car- 


bon dioxide; thinking all the while of the 
carbon dioxide as an acid anhydride, 
which it is. The gain in weight of the 
caustic soda is the carbon dioxide which 
the heated limestone has given off, and 
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that taken from the original weight of 
the limestone gives the weight of the lime 
which is left. 

All this appearance of come-happy-go- 
lucky analysis is all right, if one has first 
proved by careful “qualitative” analysis 
that the limestone contains nothing else 
in it but calcium, carbon and oxygen. If 
these points are first proved, then the 
subsequent reasoning as to the carbon 
dioxide and the lime is all right. But 
there are some peculiar things about com- 
mon analysis. One of these strange things 
is that there is no simple, easy and sure 
test for most of the oxygen that is con- 
tained in the many things about us. It 
is odd that this thing, oxygen, which 
makes up one-fourth by weight and one- 
fifth by volume of the air, which makes 
up about one-half in weight of the rocks, 
clay, sand, etc., about us, which makes 
up about one-half of such things as wood, 
paper, cotton, bread, etce., it is odd that 
there is no certain and direct way of 
testing for this thing, oxygen, except by 
indirect reasoning and showing that other 
things are not present in amounts suffi- 
cient to explain all the weight of the thing 
being analyzed. But if this careful 
searching for other things is first done, 
and if the reasoning about them is well 
done, then the inference that the rest of 
the per cent. not accounted for must be 
oxygen, this is certain and reliable. 

However, the history of chemistry has 
some good stories to tell about how some 
good chemists made mistakes in their first 
analysis and reasoning. The great Liebig 
once neglected to search for sulphur in a 
compound which he was analyzing; I be- 
lieve it was taurine or some similar or- 
ganic compound, but at all events it was 
an object lesson for lesser lights to go 
slowly in their preliminary work of prov- 
ing the presence or absence of oxygen in 
things examined. A similar thing hap- 
pened in reference to the composition of the 
atmosphere over a century ago, when the 
great Cavendish tried to absorb a tube of 
inclosed air by ‘electric sparking of the 
oxygen and nitrogen over strong caustic 
soda. He noticed that he could never 
get complete absorption of the tube of 
common air, and also noted that there was 
always a small bubble of what he called 
“nitrogen” left in his measuring tube or 
eudiometer. But this small bubble was 
really argon, the “lazy” gas in the air, 
which imitates nitrogen in some of its 
properties, and which makes up about one 
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pint in 100 pints of tke air. This argon 
is peculiar in that it makes no real com- 
pounds with any other element; and it 
took a hundred years and some of the 
best measuring ever done to get on the 
track of the fact that there is such a thing 
in the air as argon. It was the English 
physicist, Lord Rayleigh, who found a 
funny little decimal, way out in the third 
or fourth place, in weighing his samples 
of nitrogen from various sources, which 
put him wise to the clue. Rayleigh called 
in the help of Ramsey; the two together 
discovered the inactive argon, common as 
air, making I per cent. of common air, to 
the glory of science and the humiliation 
of the centuryful of e@hemists who had 
overlooked it. 


Tue Gas PRODUCER 


There are other romances in the history 
of chemical analysis, but we will go on 
with the chemistry of carbon, and one 
matter which you probably are right on 
the point of asking yourself about is re- 
garding the new-fangled gas producer 
around the corner. You know something 
of the burning of coal under your own 
boiler. You know that you get good com- 
bustion, without many calls from the 
smoke-nuisance officer, and with approval 
from the “Old Man” at the way you save 
his coal. But you hear wonderful and 
almost incredible stories about the large 
horsepower and the small coal consump- 
tion of the new furnace (whose only 
chimney seems to be the exhaust of the 
gas engine), which needs to be fired only 
once or twice a day. Certainly there is 
something here which is worth noting, 
and it comes right out of our oxidation 
tables. 

For example, look at the first table 
which gave carbon, carbon monoxide and 
carbon dioxide at one end of the table. 
All that was not for nothing. When car- 
bon burns in the two stages, first to the 
one-oxide, and then to the two-oxide, it 
does it work with perfect regard to two 
things: The exact amounts of carbon and 
oxygen concerned, and the amount of 
heat given off; these two conditions of the 
burning of carbon with oxygen are fixed. 
Now when carbon first burns to the one- 
oxide, and later to the two-oxide, it is 
as though a definite weight has fallen 
down—first to one precipice, and then to 
another—just as though the fall of car- 
bon to one-oxide and then to two-oxide 
were a two-step waterfall. Now in the 
first step of this chemical waterfall, the 
heat given out is about 4450 heat units for 
every one pound by weight of carbon con- 
cerned; whereas, the heat given out by 
the chemical fall of carbon monoxide to 
dioxide is some 10,050 for every one 
pound of carbon concerned. 

Now, it takes oxygen to let the carbon 
perform its two chemical falls, and if the 
furnace is closed then the carbon can get 
only enough oxygen to make the first fall, 
namely, to the one-oxide. But this heat 
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is given off in the furnace, the “producer” 
it is called, and this heat might be wasted 
if it were not used in a shrewdly eco- 
nomical way. The heat is used to heat 
the carbon molecularly next door to the 
partly burnt carbon; this unburnt carbon 
is supplied with steam, and this second 
part of carbon acts with the steam much 
like a miniature water-gas plant. It 
makes water gas, carbon monoxide and 
hydrogen, just as shown in the last les- 
son. But this tearing apart of the hydro- 
gen and oxygen in the watery steam takes 
up heat or energy, and this heat is sup- 
plied -by the first carbon which tumbled 
down its first step of the two-step chemi- 
cal waterfall. 

The whole of this part burning of one 
carbon and the water burning of the other 
carbon is that two parts of carbon have 
gone over to one part of hydrogen and 
two parts of carbon monoxide. As far 
as the heat given out by one carbon and 
taken up by the other carbon is con- 
cerned, that is a case of one hand wash- 
ing the other. As far as the part burning 
of two carbons is concerned, which must 
be set down to the debit side of the chemi- 
cal account, for coal burned is_ coal 
burned, one cannot eat his cake and still 


May 25, 1909. 


the producer-gas engineer where he wants 
to be; but one thing is clear, you have 
got to understand this oxidation table of 
carbon so that you can see it in your 
mind’s eye at any time. 


A SrmpLte Oximpation TABLE 


Now we are ready for a new and sim- 
ple form of the oxidation table of car- 
bon, that is, the heat table of carbon. 
Here it is: If the other tables of car- 
bon were worth noting, this one is simply 
indispensable to you. The one thing that 
you ought to know about coal is what 
heat you can get from it. Heat is the 
one thing that the old world needs, of 
the material things. Coal is practically 
heat energy stored up. Here is the prob- 
lem right up against you. That boiler, 
that furnace, that engine, with steam 
waste, with steam economized, may not 
be the most useful form of saving what 
Mother Nature has stored up. Note this 
table. When carbon burns to the first 
oxide, it gives off some 4450 heat units. 
Learn that. When this first oxide of 
carbon burns to the second, it gives off 
about 10,050 more of heat units. Well, if 
you put your first oxide into the producer- 
gas cylinder, which is only a sort of a 


HEAT OXIDATION TABLE OF CARBON. 


Cc zm + 0 = CoO 
1 Ib. 


Carbon. 


Carbon 
Monoxide. 


have it—all that is true. But, now, just 
look at the credit side of this double-entry 
bookkeeping: We have the credit of one 
part of water decomposed by the extra 
heat of the first carbon; this is not stolen, 
but simply taken from one pocket and put 
into another. As a result, we have the 
power of two carbons, put into the gas 
form—note that—the gas form, at the ex- 
pense of only one carbon burning part 
way; it figures out about 15 per cent. 
theoretically used from the total Ioo per 
cent. in the coal. 

This coal has got into the gas form, 
and there is where the economy of the 
gas engine stands ready to use what good 
chemistry has produced. It is not our 
plan to go into the physics or mechanics 
of the producer-gas engine, but simply to 
stop here and explain this two-stage 
chemical waterfall until you see the 
chemical side of it. I have nothing but 
hearty encouragement to give to all hon- 
est and earnest students of the gas en- 
gine. If you have your troubles, so do 
steam engineers. If the gas engine is 
sometimes wanting in reliability, so is 
the steam engine. It took a century of 
steam practice to get you where you are 
now, and it may take a few years to get 


+ 4450 B.t.u. 
Heat. 


.the figures 


-O => + 10,050 B.t.u. 


Heat. 


co, 
Carbon 


Dioxide, 
Two Stages. 


P , 


——> 
14,500 B.t.u. 


One Stage. 


gas cannon, you have all that extra 10,050 
heat units to use where it gets in its work. 
But if you put two carbons, in the mon- 
oxide form, into the producer-gas engine 
cylinder for the heat cost of only one 
carbon, that is, two for 4450 heat units, 
then the average for each carbon is only 
some 2225 heat units used, leaving, theo- 
retically, the other 85 (2 X 14,500= 29,000; 
29,000 — 4450 = 24,550; 24,550 -- 29,000 = 
84.76 per cent.) per cent. of the heat to be 
used where it can do its work. Can you 
beat it? 

When a small engine, of some 50 or 100 
horsepower can reach an economy which 
is reached in steam work and _ practice 
only by the very largest and most com- 
plicated engines, what do you think of this 
oxidation table? There is a chemical as 
well as a mechanical side to the burning 
of coal. Indeed, there are both sides; 
but I am talking about the chemical side, 
because it is the side that you need most. 
You can learn the facts, get them right: 
are approximately correct. 
You can figure the ways and means of this 
wonderful story of the two-stage burning 
of carbon. One thing to which I want to 
call your attention is what a “heat unit” 
is. If we are talking about the B.t.u. 
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(British thermal unit), that refers to the 
heat taken up in raising a pound of water 
1 degree in temperature Fahrenheit. If 
you are talking about the French heat 
unit, the calory, that refers to the amount 
of heat taken up by one kilo (kilogram, 
a little over two pounds) of water, in 
raising itself 1 degree of the thermometer 
Centigrade (or Celsius, the inventor) and 
marked C°. In the figures given above, 
the heat units are of the B.t.u. sort; but 
whichever way one takes to tell the story 
of the energy squeezed out of the coal in 
its degradation from carbon to carbon one- 
oxide, and then to carbon two-oxide, there 
is the same chance for economy; and the 
producer-gas problem has started one of 
the most interesting possibilities which 
has appeared in recent times. 

All this is the text for much similar 
study of heat units which will come in 
from time to time. It is only recently that 
chemists have realized that the study of 
compounds and neglecting the heat or 
energy connected with them is like sav- 
ing the shells of nuts and throwing away 
the meat. But now’ that we are well 
started, we will be ready to look at either 
side of the game as it comes on the field. 
One begins to see that the chemist must 
not only have his litmus, his balance and 
all the other suitable apparatus, but also 
his thermometer. We weigh stuff or mat- 
ter on the balance. We cannot weigh heat 
or energy on the balance; but there is one 
way by which one can measure heat or 
energy, that is by his thermometer and 
pocketbook. Coal costs money, because it 
stands for stored-up energy; and energy, 
“the power of doing work,” is something 
which we all want. The reason for the 
great importance of these oxidation tables 
is that each compound, in its way, stands 
as a marker of energy lost, used, given 
So, after all, one can- 
not get away from the chemical side of 
matter and things. We will go right on 
the next time with the study of sulphur, 
because it concerns the use of the “king 
of chemicals,” sulphuric acid. 


out, or absorbed. 





The ninth session of the summer school 
for artisans of the University of Wiscon- 
sin begins June 28, continuing for six 
weeks. Courses are offered in steam and 
gas engines, electricity, machine design, 
mechanical drawing and allied subjects. 
There are no entrance requirements, the 
purpose of this school being to offer prac- 
tical instruction by lectures and laboratory 
practice to young men in the trades. Cer- 
tain advanced engineering courses are of- 
fered for those having the requisite prep- 
aration, and the general university sum- 
mer session held during the same period 
allows opportunity for a wide choice in 
subjects of instruction. Information may 
be obtained from P. E. Turneaure, dean, 
College of Engineering, University of 
Wisconsin, Madison, Wis. 
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General Electric Company's 
Report 


In his annual report to the stockholders, 
President C. A. Coffin, of the General 
Electric Company, states that for the year 
ending January 31, 1909, the net profits 
of the company, exclusive of dividends, 
amounted to $4,802,252.67. There was paid 
in dividends during the year, $5,214,026, 
leaving a deficit, to be charged to the 
surplus account, of $411,773.33, this mak- 
ing the total surplus on January 31, 1909, 
$16,102,062.81. The net profits for the 
year of manufacturing and other com- 
panies controlled by the General Electric 
Company, other than the affiliated com- 
panies, in excess of dividends paid by 
those companies during the year, amounted 
to about $900,000. Of this amount $750,- 
ooo has been taken on the books of the 
General Electric Company and is included 
in the foregoing figures. 

President Coffin also states that 1908 was 
marked by severe and continued depres- 
sion in the business of the company and in 
consequence since the last report the busi- 
ness has depended largely upon current 
renewals and supplies, with occasional ad- 
ditions io plant on the part of the older 
and more prosperous companies. The 
result has been that the orders received 
during the year were only 7 per cent. of 
those received for each of the two pre- 
vious years, and the shipments were only 
63 per cent. of the shipments of 1907. 

Vice-President Lovejoy reported total 
sales billed of $44,540,676, and total orders 
received of $42,186,917. Orders received 
during the first half of the year were 
the smallest since 1904. The outlook for 
the ensuing year is encouraging, however. 





Boiler Defects Due to Bad Feed 
Water 





In the January issue of the Locomotive, 
published by the Hartford Steam Boiler 
Inspection,and Insurance Company, it was 
stated that of 124,990 boilers examined in- 
ternally by the company’s inspectors dur- 
ing 1908 the following defects, among 
others, were discovered, all traceable to 
bad feed water: 


Whole Dan- 
Nature of Defects. Number. gerous. 
Cases of deposit of sediment.... 18,879 1,242 
Cases of incrustation and scale.. 37,924 1,193 
Cases of internal grooving...... 2,649 249 
Cases of internal corrosion... .. 13,053 555 
EE aaa ee 4,605 440 


Leakage around tubes. . ae 10.929 2,103 
Leakage at joints...... 392 





The available iron-ore supply of the 
United States is estimated at 4,785,000,- 
ooc long tons, and the production of iron 
ore from the mines of the country in 1907 
Was 52,000,000 tons, the largest total ever 
produced in a single year. 
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Cost of Installation and Operation 
of Electric Plants 


The cost of the Greenwich station of 
the London County Council Tramways is 
given by John Hall Rider, in a paper re- 
cently presented to the Institution of 
Electrical Engineers, as follows: 














Per 
Cost Kilowatt. 
Land and buildings.| $1,629,920.00 | $47.9216 
Pier and river work. 293,678.40 8.6376 
Engines, _ turbines, 
alternators and 
condensers....... 965,849 .60 28.4016 
Boilers and econo- 
eee 500,004 . 80 14.6888 
Main and auxiliary 
switch gear, ac- 
cumulators, _ sta- 
tion wiring, light- 
ing, tools, etc. ... 173,728.00 5.1240 
Steam, exhaust and 
condenser piping, 
pumps, strainers 
and tanks....... 267,424.00 | 7.8568 
Coal and ash cranes | 
and  conveyers, 
locomotives, etc. . 53,436.00 1.5616 
Cranes, turntables, 
railway track, etc. 36,892.80 1.0736 











The operating costs for the year ending 
December 31, 1908, as given in the fol- 
lowing, relate to the first half of the 
station only: 








Per Unit. 





Coal (including un- 
loading) and re- 
moval of ashes... 

Salaries and wages, 
running staff... .. 

Oil, waste, water and 


$316,209.36 | 0.4731c. 
48,019.20 | 0.0718c. 


eee ree 10,560 . 32 0.0159¢c. 
Repairs to plant and 
buildings (labor 


and materials) ... 


: 24,468.32 | 0.0366c. 
Management, insur- 














ance and miscel-) 

ee, 8,281.36 | 0.0124c. 
Rents, rates and 

E.G aa caoue 42,436.48 | 0.0634c. 

cee $92,208 | 0.3311c. 
Units delivered to substations. . 66,836, 206* 
Maximum load in kilowatts.... 16,000* 


Station load factor............ 


47 .75 per cent. 
Coal 


ee er UR TTT er TOL eT. 92,672.5 tons 
(Partly at $3.51709 per ton, and partly 
at $2.68356 per ton.) 
Coal per unit delivered to sub- 
eee re 
*It is estimated that, for the year ending 
March 31, 1910, these figures will be, respect- 
ively, 91,000,000 units and 21,000 kilowatts, 





3.1 pounds 





In the answer to Question 2 of an in- 
quiry regarding “Angle of Deflection, etc., 
of Crank Shafts,” published on page 703 
of the April 13 number, there were two 
typographical errors. In the third column, 
“M. at Z” should have been Mz at Z, and 
in the equation “My = % M, + %,” etc., 
the plus sign should have been used, mak- 


ing it M = % Mi + %, ete. 





The twenty-seventh annual convention 
of the Street Railway Association of the 
State of New York, will be held at Fort 
William Henry hotel, Lake George, N. Y., 
June 29 and 30 next. 








OWER 


»o THE ENGINEER 


DEVOTED TO THE GENERATION AND 
TRANSMISSION OF POWER 


Issued Weekly. by the 


Hill Publishing Company 


Joun A. Hitt, Pres, and Treas. Rosert McKean, Bec’y. 


505 Pearl Street, New York. 
355 Dearborn Street, Chicago. 
6 Bouverie Street, London, E. C. 


Correspondence suitable for the columns of 
Power solicited and paid for. Name and ad- 
dress of correspondents must be given—not nec- 
essarily for publication. 

Subscription price $2 per year, in advance, to 
any post office in the United States or the posses- 
sions of the United States and Mexico. $3 to Can- 
ada. $4 to any other foreign country. 

Pay no money to solicitors or agents unless they 
can show letters of authorization from this office. 

Subscribers in Great Britain, Europe and the 
British Colonies in the Eastern Hemisphere may 
send their subscriptions to the London Office. 
Price 16 Shillings. 

Entered as second class matter, April 2, 1908, at 
the post office at New York, N. Y., under the Act 
of Congress of March 3, 1879. 


Cable address, ‘‘ Powpus,”’ N. Y. 
Business Telegraph Code. 





CIRCULATION STATEMENT 


During 1908 we printed and circulated 
1,836,000 copies of PowERr. 
Our circulation for April, 1909, was 
(weekly and monthly) 153,000. 
MG Ge cic cicins ebigre hatees e, ew 
WO Be cimebawntacns 37,000 
MO BO i asc dew edtawawens 37,000 
MOY: BBs ccc cccsicccscss.s BBO00 


None sent free regularly, no returns from 
news companies, no back numbers. Figures 
are live, net circulation. 





Contents 


PAGE 
12,500-H.P. Turbines of the “‘ North Dakota” 909 
Should the High or Low Pressure Cylinder 
Be the Vertical in an Angle Compound? 916 
Large Gas Engines for Electric Stations.... 917 
Superheat and Wiredrawing.............. 925 
Changing One Thermometer Reading to 
PRIN 5 t:60f6,aranac da ecea ns erin a dee ereners 926 
Sewalls Falls Plant Near Concord, N. H.... 928 
THO RIOPNNO TOKO «onc ce kk scccaee pes: 
Practical Letters from Practical Men: 
Air Compressor Valves....What is 
Trouble?....Centrifugal Pumps.... 
Electrolysis and Superheat.... Knocks 
in Engine Crank....Relative Rate of 
Heat Transfer to Water.... Repairing a 
Broken Bracket... . Difference in Econ- 
omy in Large and Small Engines. . . . Oil 
Frothing Test....Homemade Engine 
Stop....Rope Drive....Flat Crank 
Pins.... Locating Ground in Line with 
Ohmmeter....Uncover the Joints.... 
Engine Stopped by Rat....A Cause of 
Engine Wreck... .More Frequent Inter- 
nal Inspection... .Using the Ohmmeter 
for Testing Armature Coils... .. A Gas 
Engine Signal System... . Will the Load 
on th ells MMMM oe cc ccccaes 934-940 
Some se ul Lessons of Limewater........ 941 
[| SA a eee ee 944-945 
Boiler‘Explosion at Fond du Lac, Wisconsin. 946 
American Society of Naval Engineers -. 949 
Ohio Society of M., E. and 8S. Engineers... 949 
Power Editor Acquitted on Libel Charge. . 949 


POWER AND THE ENGINEER. 


“Power” Sued for Libel and 
Acquitted 





In the summer of 1907 one John E. 
Carroll, of Philadelphia, undertook the 
exploitation of an engine to run with 
carbonic-acid gas. There was no harm in 
this, for an engine will run with carbonic- 
acid gas as well as it will with air or 
steam—but no better. The half-page ad- 
vertisements of the CO, Development 
Company, however, described the carbonic- 
acid gas which pours out of every chim- 
ney and arises from every fermenting tub 
as a vast “source of energy.” So is water 
a source of energy, if it is elevated and 
free to fall. So is air a source of energy, 
if it is compressed and free to expand. 
But out of neither the water nor the air 
can more energy be got than has been 
expended in elevating or compressing it. 

When, therefore, Mr. Carroll maintained 
that if he charged his engine with car- 
bonic-acid gas under pressure it would 
continue to run forever if the gas did not 
leak out, and that under the ordinary con- 
dition of stuffing boxes it would continue 
to run and develop power in large and 
useful amounts for some thirty days, with- 
out any source of energy to draw upon, 
he stated what was opposed to all the 
known laws of physics and mechanics; 
something which, if true, would mean 
more to Power and all that it represents 
than the invention of the steam engine; 
something which was so thoroughly revo- 
lutionary that its possibility could be ad- 
mitted only after a demonstration positive 
and satisfying enough to warrant upset- 
ting the principle of the conservation of 
energy, and all the sciences which are 
founded thereupon. The demonstration 
which we attended signally failed to fulfill 
these conditions. It was a farce. The in- 
ventor talked the most arrant nonsense 
and refused to make the simplest tests to 
prove that his “demonstration” was hon- 
est. The conclusion that the CO. engine 
was a clumsy trick for obtaining money 
by false pretenses was inevitable, and we 
did not hesitate to say The 
affair was too ridiculous for serious treat- 
ment, and so in a two-page article in our 
issue of September, 1907, we laughed it 
off the stage. 

In consequence of the publication of this 


so. whole 


article, F. R. Low, its author and the 
senior editor of Power, was arrested 
something over a year later, upon a 


charge of criminal libel made by Carroll, 
when Mr. Low was in Philadelphia testi- 
fying to what he had seen in behalf of offi- 
cers and stockholders of the company 
who had been honestly deceived into lend- 
ing their names and money to the enter- 
prise and who were then suing the alleged 
inventor. 

We waived examination and were in 
due course formally indicted by a -Phila- 
delphia grand jury. Right here we wish 
to extend our grateful acknowledgments 
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and thanks to the many faiends who have 
assisted and offered assistance in the mat- 
ter, especially to Jay M. Whitham, M. E., 
and A. C. Wood, M.E., whose testimony 
that they had examined the device and 
advised clients against investing in it 
would have been particularly valuable had 
it been admitted. As it was, however, the 
judge, after having heard enough evi- 
dently to satisfy himself of the nature of 
the case, ruled out all of our expert testi- 
mony and instructed the jury to find for 
the defendant. 

The outcome is a victory for technical 
journalism, and for the honest inventor 
and investor. Anything than so 
prompt and complete an acquittal might 
have tended to make editors over-cautious 
and prevented the prompt and complete 
exposé of the various get-rich-quick 
schemes which it is the function of the 
technical press to investigate and inform 
One can accept 
some indignities, and be put to some trou- 
ble and expense, for the reassertion of 
the right of the editor to expose in the 
broadest and most positive terms what he 
concludes, after careful investigation, to 
be a fraud. 


less 


its readers about. well 





First Be Sure You're Right 


Engineers of isolated power plants are 
in many cases seriously handicapped by 
the inability their 
employers to recognize what is necessary 
or desirable in the way of plant improve- 
ments or On the other 
hand, the owners of such plants are not 
always safe in following out the recom- 


or unwillingness of 


conveniences. 


mendations of their engineers. For ex- 
ample, a certain engineer, with the laud- 
able increase the operating 
economy of his plant, urged the owner 
to discard the existing boiler-and-engine 
equipment and put in a more modern class 
of equipment. The old plant included 
horizontal return-tubular and 
simple single-valve engines, and his plan 


desire to 


boilers 


was to substitute water-tube boilers and 
four-valve compound engines, raising the 
boiler pressure from too to 175 pounds. 
The equipment which he suggested would 
have been admirably suited to the work 
and if it had been a question of in- 
stalling a new plant his ideas would have 
been eminently practical. He failed to con- 
sider, however, that the interest on the 
net cost of making the change would 
have been considerably more than the 
saving in operating expenses. In view of 
this fact and the additional important 
fact that the existing equipment was by 
no means worn out nor seriously out-of 
date, the owner refused to make the 
change. A regrettable result of the dis 
cussion was that the owner’s confidence 
in the judgment of the engineer was 
greatly reduced, although the latter was 
a thoroughly competent and industrious 
operating man. 
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We have known of several similar in- 
stances of recommendations based on a 
conscientious desire to further the owners’ 
interests but not sufficiently well thought 
out and analyzed before presentation. 

The moral is, not to refrain from mak- 
ing any suggestions at all which involve 
additional investment, but to consider 
thoroughly all of the possible results of 
carrying out an idea, weighing the disad- 
vantages carefully against the advantages 
and being prepared to show that the latter 
would surely predominate. After you are 
dead sure of your ground, make your 
recommendation and urge it as vigorously 
as circumstances will permit. 





Boiler Inspections and Explosions 





Boiler inspection which does not in- 
spect is worse than none at all, for it is- 
sues certificates of inspections which have 
not been made and guarantees the safety 
of apparatus which may or may not be 
safe. 

It has been stated on what appears to 
be good authority that in some localities 
the inspector walks into the engine room, 
takes from the wall the old certificates of 
inspection, replaces them with freshly 
written ones duly sworn to, and goes to 
the office to collect the legal fee without 
even ascertaining if there are boilers in 
the plant. This is not a report of an 
isolated case but is a statement of what 
is claimed to be common practice. In 
fact, in the report of a recent boiler ex- 
plosion in one of the Western States the 
public prints boldly asserted that not only 
was this the method of “inspection” em- 
ployed in that instance, but it was gen- 
erally known to be the customary pro- 
cedure, a statement which is corroborated 
hy our own correspondence. Of course, 
hanging would be much too good a 
fate for a scoundrel who carries on 
such a conscienceless game. Equally of 
course, that sort of thing:would be im- 
possible without the connivance of some- 
one in authority “round the plant, and 
that someone is fully as culpable as the 
potentially murderous thief who issues the 
certificate. fn 

So often has the necessity for com- 
petent boiler inspection been urged and so 
often has the enactment of suitable in- 
spection laws been advocated that any- 
thing bearing upon this subject seems al- 
most, if not quite, platitudinous. But 
it is not easy to sit silent while from 
Maine to Texas and from Florida to 
Washington there come almost daily re- 
ports of loss of life and destruction of 
property from boiler explosions that in a 
majority of instances would have been 
prevented by intelligent inspection. Boil- 
ers have been found operating without 
safety valves or gage cocks and in one 
case because the safety valve leaked to 
such an extent that the fireman could 
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not maintain the required pressure, a 
plug was screwed into the outlet. 

In the territory of absent-treatment in- 
spection for revenue only, where the com- 
bined certificate of inspection and perjury 
is nailed to the wall of the engine room 
and the fee collected in the office, mysteri- 
ous boiler explosions occur, while in New 
York City failures are so rare as to be 
practically unknown, and in Massa- 
chusettes not a single boiler under the 
jurisdiction of the Massachusetts District 
Police has exploded. 

There have been some boiler explo- 
sions in Massachusetts since the enact- 
ment of the inspection law, but by a 
peculiar construction given to the law 
not all boilers in the State were subject 
to State inspection and it was amongst 
the “exempts” that the explosions took 
place. On the other hand boilers which 
had been found unsafe and condemned 
by the State inspectors have been taken 
outside the State where there were no 
inspection laws and there erected, oper- 
ated and burst. 

Epidemics which annually cause much 
loss of life and cost practically nothing 
in the destruction of property are made 
subjects for national solicitude and special 
appropriations, while the dance of death 
in the inspectionless sections and in the 
wake of the incompetent or grafting in- 
spector goes merrily on. 





The Benefit of Reading 





The engineering journal lay on the table 
unopened. The engineer sat in a dis- 
carded office chair, with his legs sprawled 
out in a manner denoting either laziness 
or a bad attack of “spring fever.” Noth- 
ing seemed to trouble the serenity of his 
musings, not even the thumping of the 
engine twice at each revolution, nor the 
hissing of steam from several leaking 
valve stems and ancient flange packing. 

This engineer has no time to read. He 
frankly said so, and more than that, 
“readin an engineerin’ journal didn’t do 
no good anyhow.” 

Someone has said that most of us allow 
others to do our thinking for us, but here 
was a case where the engineer did not 
even go as far as that. He neither 
thought for himself nor allowed others to 
think for him, by reading what they had 
written. 

The man who never reads will never 
amount to anything. If inventots had 
never read, there would never have been 
inventions. The greatest inventions known 
were not the outgrowth of chance, but the 
result of study, reading what others had 
to say pertaining to the subjects. If this 
were not so, the old stage coach would 
still be in vogue instead of flying ma- 
chines; the old birch-bark canoe instead 
of the “Mauretania;” the old Watt ‘en- 
gine instead of the Corliss and” steam 
turbines. 
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The clam, by shutting itself up in a 
shell, never gets anywhere unless “in the 
soup.” It lies buried in the mud and is 
oblivious to all things. There is no sense 
in any engineer taking the part of the 
clam, shutting himself up, content with 
what knowledge has been drummed into 
his head. There is no good reason for 
being buried in the mud of ignorance be- 
cause it is easier to doze in an arm chair. 
A man who will take the time to read 
for one hour each day will be surprised 
at the improvement that will be made in 
his knowledge regarding matters of which 
he was before ignorant. 

The smartest man in the engineering 
profession does not know it all. There is 
always something coming up that ¢ither 
was not known before or was imperfectly 
understood. It does not, therefore, reflect 
any credit on the part of the man who 
comes to the conclusion that it is not 
worth his time to read the results of ex- 
perience and experiments of others, who 
are far above him in the work, and allows 
his engineering journal to remain un- 
opened and unread. 

In the average steam plant, the man in 
charge may claim, and truly think, that 
he knows all there is to know about 
everything in the place, but the chances 
are one hundred to one that in ninety-nine 
out of one hundred cases the engineer 
does not know how many heat units there 
are in each pound of coal he is using, nor 
the actual horsepower delivered per pound 
of coal day after day. Few are certain 
of. the amount of water evaporated per 
pound of coal, or combustible, what the 
percentage of ash is, or how much mois- 
ture is contained in the coal that his 
company is paying good hard cash for. 

Most engineers know a whole lot about 
a steam plant, but when they stop to 
analyze their knowledge they find that 
there are a good many things they do not 
know. If there is any doubt bout it, 
take up a copy of your engineering jour- 
nal, tuft%yto the Question and Answer 
cohen att attempt to answer offhand the 
questions found there. The chances are 
that the reader will get a jolt that will 
open his eyes to the fact that there are 
yet a few things for him to learn. The 
better read a man is, the easier it will be 
for him to have a ready answer, but the 
man who is cotiterit to let his journal lie 
in its wrapper will find himself at sixes 
and sevens at all stages of the game. 

Everyone is, or should be, looking for- 
ward to the time when his salary will be 
increased or a_ better position will be 
tendered him. To the well read man, the 
possibilities are great, but to the ignorant 
man such fruits are few and far between. 





On April 21 and 22 Florida’ electric- 
light men met at Orlando’ and forined a 
State electrical assdciation’ With thé fol- 
lowing officers: President, H. A! Grant, 
Orlando: vice-président, W. H. Bostwick, 
Jacksonville ;\"secretary’ and treasurer, G. 
F. Doig, Gainesville: a 
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Boiler Explosion at Fond Du Lac, 


Wisconsin 


On April 27, the warehouse and finish- 
ing plant of the Winnebago Furniture 
Company was totally destroyed by a boiler 
explosion and resulting fire, the estimated 
loss, including that to neighboring prop- 
erty by concussion, flying débris and heat, 
being $100,000. Nobody was hurt, the ex- 


ylcsion occurring at o'clock in the 
I g 
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supported by diagonal braces, shot up into 
the air, through the roof, completely over 
a five-story brick courthouse and down 
into the main street of the town, two 
block away, cutting in two like a straw 
a 10-inch telephone pole and burying it- 
self in the sidewalk. Tubes were scattered 
in all directions in the courthouse yard, 
and nearly every window in the structure 
was broken by the concussion. 

As is usual in such cases, the old story 
about pumping cold water onto the hot 
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I, SITE 


OF BOILER ROCM, 


AT BASE OF STACK 





FIG. 3. 


morning; had it taken place later in the 
day there surely would have been some 
fatalities. Only one man, the night watch- 
man, who had been employed in this 
capacity but a few days, was in the 
factory at the time. He was in the boil- 
er room and was blown clear of the 
building, landing on a pile of ashes, but 
escaping practically without injury. 

Of the boiler room and setting not 
one brick was left on top of another, as 
shown in Fig. 1. The top half of the 
back head and the top part of the shell, 


PRONT HEAD AND BOTTOM 


OF BOILER FIG. 4. 
sheets of an empty boiler gained circula- 
tion as an explanation of the castastrophe. 
On the contrary, all indications point to 
the fact that there was plenty of water in 
the boiler at the time of the explosion, 
otherwise there could not have been let 
loose the tremendous amount of energy 
which must have been necessary to accom- 
plish the destruction. An investigation of 
the conditions under which the boiler was 
operated, and an examination of the boiler 
itself, serve to indicate with considerable 
accuracy the reason for the disaster. 
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In the first place the boiler was used 
for heating purposes only, no power be- 
ing used in the building, and has served 
this purpose for years. The boiler was 48 
inches in diameter by 14 feet long, being 
built of %-inch iron plates, with 3-inch 
heads. The shell consisted of a large 
number of small plates, about half the 
double-riveted 


In 


longitudinal seams being 


and the other half single-riveted. 








2. TELEPHONE POLE CUT IN TWO BY 


PIECE OF BOILER 


FIG. 


PORTION OF BOILER, SHOWING SIZE OF FLATE AND RIVETING 


Fig. 3 both types of joint can be seen. 
The size of plate was not uniform, prob 
ably no two plates having the same dimen 
and taken altogether the boiler 
was of a type commonly built 40 or 50 
years ago when materials and 
facturing facilities were meager. 

Examination of the metal showed that 
it was rotten through and through. This 
was shown not only by the parts of the 
boiler remaining on the ground and which 
passed through the fire, but also by the 
piece that went over the courthouse and 


sions, 


manu- 
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which was not subjected to the fire. As 
far as could be ascertained, not a single 
seam let go; the rupture in all cases be- 
ing in the sheet itself, showing that 
deterioration of the plates had made the 
seams the strongest part of the boiler. 


When asked at what pressure the 
safety valve was set, the fireman who had 
charge of the plant in the daytime 


asserted that there was no safety valve 
of any kind on the boiler. A few pounds 
pressure was all that was necessary for 
heating purposes, but in order to pump 
up the boiler it was customary to throttle 
the stop valve down, so that the pres- 
sure would raise high enough easily to 
operate the duplex feed pump. It 
known that the boiler carried 60 pounds 
pressure by the gage on the Sunday previ- 
ous to the explosion. 


is 





The Rice Roller Relief Bearing 


This is something decidedly novel in 
the bearing line, differing both in con 
struction and application from the usual 
methods employed and, while not sup- 
planting the regular roller or ball bearing 
in its legitimate field, has the advantage of 
being applicable to any overloaded bearing 
in a very few minutes, such as at noon or 
night. 

These bearings can be applied at either 
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station outwardly to the shafts of lesser 
duty and at each important point, ie, 
where a subdrive exists and as far as may 
seem feasible in any given case. They are 
made in three sizes, and in their propor- 
tions bear no fixed relation with the 
diameter of a shaft; size No. 1 is calcu- 
lated to carry a maximum pressure load 
of 2000 pounds; size No. 2, 4000 pounds, 
and size No. 3, 8000 pounds at any rea- 
sonable speed. They can be applied in 
sets of or four; four of the 
larger ones being necessary in some cases, 
such as at an engine shaft and wherein the 
flywheel load might equal or exceed their 


one, two 

















FIG. 2. COMPLETE BEARING 
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one factory, where they are applied to 
both ordinary shafting and on heavy en- 
gine and flywheel duty, as shown in Fig. 1. 

The friction relief bearing is made up 
of a cast-iron housing, an outer steel roll 
and a central main roll pin which is sta- 
tionary in the housing. Between the main 
roll and the main roll pin are 16 rolls, 
eight upon each end of the housing and 
carried in a cage. At each end of the 
main roll are eight hardened-steel balls. 
These balls bear upon two hardened-steel 
washers, one at each end, and take care 
of the end thrust in the main roll. The 
smaller intermediate rolls have also at 
each end a hardened steel washer which 
takes the end thrust. The main roll pin is 
hollow, is partially filled with felt and 
forms an oil which lubricates 
the inside of the bearing. 


reservoir 
One end of this 
main roll is provided with a series of holes 
and a stop pin which permits of the oil 
tube standing in a vertical position, no 
matter at what angle the roll may stand. 
All of the other materials with the ex- 
ception of the intermediate roll cage are 
of hardened steel and ground to fit. 

In service the housing is carried upon 
a tiller rod, the outer end of this being 


carried to an overhead support on the 
upper end of which there is a heavy 
spring which is calibrated so that by 


measuring the compression, or giving it a 














—— 





FIG. 


side of an engine flywheel, and by the use 
of calibrated springs can be made to sus- 
tain the weight of the flywheel, which 
would greatly relieve the duty of the jour- 
nals as commonly applied. They can be 
applied to any idler having heavy duty at 
either side of a main driving pulley, carry- 
ing both the weight of the pulley and op- 
posing the stresses of the belt. 

The bearings can also be placed pro- 
gressively, trailing from a central power 


I. APPLICATION OF THE RICE ROLLER RELIEF BEARING 


combined rated capacity, the set of four 
giving a safe carrying capacity of 16 tons. 

In the application of these relief bear- 
ings none of the regular bearings is in 
any way Gisturbed but simply aided in the 
performance of its work so that in almost 
every case the relief bearings could be dis- 
placed in a moment’s time and without a 
shutdown, simply throwing the full duty 
back on the regular journals. These bear- 
ings have been tested for three years in 


certain amount of compression, a certain 
load will be carried by the relief bearing. 
In locating the relief bearing in relation 
to the shaft upon which it runs, it is so 
placed on one side or the other of the 
journal bearing that its action upon the 
shaft is directly opposed to the forces ,act- 
ing upon the shaft; that is to say, the 
weight of the pulley and the direction of 
the belt pull. It is made by the Pickering 
Governor Company, Portland, Conn. 
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~ The Senter Feed Water Control 


This device consists of a cast-iron body 
shaped as shown in the accompanying 
illustration located at some convenient 


point above the water line in the boiler 
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than the bucket itself, the weight naturally 
drops and the bucket rises when both are 
submerged, thereby closing the feed valve. 

A blowoff is provided in the drop leg 
under the weight Y and means are also 
provided for blowing sediment out of the 
bucket, the vent C being continued down 


















































Water Line 
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SECTIONAL VIEW OF SEN#fER FEED-WATER CONTROL 


and connected thereto by means of the 
pipe A, known as the siphon pipe, extend- 
ing to the water line, and also with the 
connection B, or gravity pipe, extending 
somewhat below the water line. 

In starting, the gravity connection B is 
opened first, allowing water to fill the ap- 
paratus, the air escaping through the vent 
C. As soon as the water reaches the top 
of the open bucket Y it will flow into the 
bucket and fill it. The vent may then be 
closed and the siphon connection opened, 
when no farther attention will be re- 
quired. 

Assuming that the level of the water is 
below the siphon pipe, the water will run 
back into the boiler by gravity. This 
empties the housing down as far as the 
gravity pipe, as shown, and leaves the 
bucket completely filled with water, exert- 
ing a downward pressure on the end of 
the long lever. Owing to the long lever- 
age, the bucket is much heavier in this 
filled condition than the weight Y on the 
short end of the lever; consequently, the 
balanced valve Z is opened, allowing feed 
water to pass to the boiler. 

When the water line has been raised 
until the siphon pipe is sealed by water, 
the steam in the upper part of the housing 
condenses and water again fills the space, 
rising around the bucket and neutralizing 
the weight of its contained water. As the 
counterweight Y is considerably heavier 


by a pipe which acts as a guide when the 
bucket rises and falls. Blowing out when 
at its topmost position thoroughly cleans 
the bucket. 

The balanced regulating valve may be 
reground by removing the top guide plug 
and inserting a screwdriver in the slot 
made for that purpose on the top disk. 
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This device is not attached to the water 
column in any way, but directly to the 
shell of the boiler as indicated. The regu- 
lating valve has an area considerably lar- 
ger than the feed pipe, and all parts of the 
control are designed to operate with the 
minimum amount of attention for long 
periods. It is made by the Senter Manu- 
facturing Company, Chattanooga, Tenn. 





“Firma” Compound High Pressure 
Water Glass 


The “Firma” compound high-pressure 
water-gage glass is simply a glass tube 
which comes in various diameters and 
lengths. In appearance, it is a tube of 
clear white glass, the walls of the tube 
being about 3/32 inch thick. 

The superiority claimed for it is be- 
cause it is a double tube; that is, 
glass tube is drawn another, 
whole being fused solid 
While this junction cannot be seen in the 


one 
the 
mass. 


over 
into a 


glass, the result is that the inside tube 
will expand in proportion to the tempera- 
ture of the water or steam and the out- 
side tube will contract according to the 


sudden change of temperature which 
water-gage glasses are called upon to 


withstand in boiler rooms, locomotives, etc. 

This gage glass is manufactured by the 
Advance Packing and Supply Company, 
123 Franklin street, Chicago, III. 





A Chain Angle Drive 


The driving of shafting at right angles 
is often a serious problem, the latest solu- 
tion being that of the Max Ams Company, 
Mount Vernon, N. Y., and_ illustrated 
herewith. It consists of four sprocket 
wheels and a special chain, built with link 
openings in both directions. This is neces- 
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NOVEL ANGLE DRIVE 
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sary to mesh with the idle sprockets on 
the short vertical shaft and at the same 
time mesh with the driving and driven 
sprockets. It is a very simple device and 
is built to transmit 
power. 


various amounts of 





American Society of Naval 
Engineers 


The American Society of Naval Engi- 
neers held a banquet on Friday evening, 
May 7, at Rauscher’s, Washington, D. C., 
in celebration of the twenty-first anni- 
versary of the organization of the asso- 
ciation. Covers were laid for about 150. 
While the dinner was attended by all 
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branches of the naval service, the engi- 
neers predominated, and among them were 
many representatives of the American 
of Mechanical Engineers, who 
were in convention at Washington. The 
formal toasts were: “The President,” 
Senator M. E. Clapp; “The Navy,” Rear- 
Admiral C. S. Sperry, U.S.N.; “Naval 


Society 


Engineering,” Rear- Admiral Richard 
Wainwright, U.S.N.; “The Navy and 


the People,” Hon. W. E. Roberts. The 
following also spoke informally: Albert 
Dawson, representative of Iowa; Prof. F. 
R. Hutton, of Columbia University, and 
honorable secretary and past president 
of the A. S. M. E.; Robert Patchen, 
newspaper representative, U.S.N.; Hon. 
Beekman Winthrop and Hon. L. A. Cool- 
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ridge. The general trend of the addresses 
seemed to favor concentrated action and 
harmony between the line and staff. The 
speeches were all emphatic and 
frank and were enthusiastically received. 

After the addresses, J. W. Armour 
entertained with songs and recitals. Rear- 
Admiral J. K. Barton, president of the 
association, presided, and Commander W. 
S. Smith was the toastmaster. 


most 





“Power” Editor Acquitted on 
Libel Charge 


The libel suit brought by John E. 
roll, of Philadelphia, against F. R. 


Car- 


Low, 


senior editor of Power, was tried before 
a Philadelphia grand jury on May 13 and 
the editor was acquitted, the judge in- 
structing the jury to find for the defen- 
dant. Carroll, it will be remembered, is 
the inventor of the CO. motor, which 
was described in Power for September, 
1907, as being a “mechanical fake.” This 
week Carroll himself is to be tried on sev- 
eral counts for obtaining money under 
false pretenses. 





Hans Holzwarth, the inventor of the 
Holzwarth steam turbine, has perfected a 
gas turbine which has been tried at Hano- 
ver, Germany, with such results that its 
projectors have been encouraged to un- 
dertake a 1000-horsepower unit. 


WASHINGTON, D. 
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Ohio Society of M., E. and S. 
Engineers 


The nineteenth annual meeting of the 
Ohio Society of Mechanical, Electrical 
and Steam Engineers was held 
and Saturday, May 21 and 22, at Canton, 
O., headquarters being at Hotel Court- 
land. Besides the business sessions, enter 
tainment 


Friday 


features, inspection trips, etc., 
the program included the following pa 
pers: “Heat Insulation,” by L. O. Hooge ; 
“The Interpole Motor,” by Prof. H. B. 
Dates; “Hot, Soft Water for Steam 
Boilers,” by G. H. Gibson; “Lubrication 


of Steam Cylinders by Grease,” by B. F. 





C., MAY 7 


Fisher; “Some Practical Points on Power 
Plant Piping,” by Julius Roemer. 





Passaic Association’s Ladies’ Night 





Passaic Association No. 12, N. A. S. E., 
of Passaic, N. J., held a ladies’ night in 
honor of the twelfth anniversary of the 
founding of the association. Harry Clark, 
the president, in a few brief remarks, in- 
troduced Mayor Fred R. Low, who made 
an effective address of welcome. An en- 
tertainment, which was greatly enjoyed, 
was given by the “bunch,” after which 
refreshments were served. The members 
of the arrangement committee are to be 
congratulated. 





950 


Keystone Association’s House- 


warming 


Keystone Association No. 50, N. A. S. 
E., of Buffalo, N. Y., held a housewarm- 
ing Wednesday evening, May 12, in ob- 
servance of the opening of new and beau- 
tiful headquarters on the ground floor of 
the Mutual Life Insurance Company’s 
building. There were fully 400 in attend- 
ance and No. 50 should feel justly proud 
of the success of the event. , 

Walter McKnight made the address of 
welcome and Joseph N. Gregory presented 
the hall to the association. 

The following musical program was 
rendered: Charles Morton, baritone solo; 
Ethel Smith, piano selections; Arthur 
Smith, tenor solo; Gertrude Rumage, 
piano selections. Miss Mary Crage was 
accompanist. At intervals the following 
past presidents of No. 50 made brief ad- 
dresses: William Eskin, John Sturnor, 
B. C. Miller, Joseph Bubach, Frank Des- 
ett, John Hager. Edward Lawler and 
Winifred Graham, of No. 16, also spoke. 
Dancing closed the festivities. 





Business Items 


The third edition of the Smooth-On instruc- 
tion book No. 7 has recently been printed by 
the Smooth-On Manufacturing Company, 
Communipaw avenue, Jersey City, N. J., and 
a copy will gladly be sent to any engineer 
or other interested person on application. 
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The Electro-Mechanical Engineering Bureau 
has opened offices in the Monadnock Block, 
Chicago, Ill., for consultation, inspection and 
tests along mechanical, electrical and chemical 
lines, and is in a position to give expert atten- 
tion to any technical subject, including the 
development and design of devices, processes 
and patentable ideas. 


The Fred M. Prescott Steam Pump Company, 
Milwaukee, Wis., has established a_ district 
sales office in the Chandler building, Atlanta, 
Ga., in charge of R. L. Radcliffe, who has been 
connected with its sales department for some 
time. The establishment of the new office 
was necessary on account of the large volume 
of business emanating from the southeastern 
and southern portions of the country. 


McEwan Brothers Company, Whippany, N. J., 
has ordered from the Hewes & Phillips Iron 
Works, Newark, N. J., an 18x34x42 tandem 
compound-condensing Corliss engine with con- 
densing apparatus. The Bernheimer & Schwartz 
Pilsener Brewing Company, New York, has 
ordered one 18x30 heavy-duty tangye-type 
direct-connected engine to run at 150 revolu- 
tions and to be equipped with the new “ Frank- 
lin” valve gear. 

John J. Harman has become a member of 
the Harman Engineering Company, of Peoria, 


Ill., the other member of the company being © 


Jacob A. Harman. The company will give 
particular ‘attention to mechanical-engineering 
problems, including examinations, reports, de- 
signs and tests of steam,- hydraulic- and gas- 
driven electric-generating plants and determina- 
tion of mechanical efficiencies of manufacturing 
processes and machinery. 

The Wisconsin Engine Company, of Corliss, 
Wis., recently put into service the second engine 
sold to the Oliver estate in Pittsburg. This 
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engine, which is installed in the central power 
plant, is a 900-horsepower vertical cross-com- 
pound Corliss engine, operating at 120 revolutions 
and direct-connected to a 600-kilowatt direct- 
current generator. A Wisconsin-Corliss engine 
of the same capacity, but of the horizontal 
cross-compound type has been in very successful 
operation in the same engine room for several 
years. This company also recently put into 
service smaller engines sold to the J. M. Kohler 
Company, of Sheboygan, Wis., and to the Racine 
Manufacturing Company, of Racine, Wis. 

What might be called 2 pocket-edition general 
catalog has just been got out by the Joseph 
Dixon Crucible Company, of Jersey City, N. J. 
This lists the company’s principal products, 
such as crucibles, facings, lubricating graphite, 
greases, pencils, protective paint, etc., giving 
brief descriptions and prices. It is of value 
to the purchasing agent, engineer, contractor, 
superintendent and anyone, in fact, who uses 
or specifies graphite in any form. The booklet 
is of commercial-envelop size, and will convenient- 
ly go in the pocket or desk pigeonhole. It is sub- 
stantially bound in tough cover stock and 
attractively printed. If you want a copy ad- 
dress the Dixon company at its home office. 


Plans for a new power plant for W. T. Stevens 
& Sons Company, North Andover, Mass., have 
been completed by Charles T. Main, of Boston. 
The plant is to consist of turbine-generator, 
boiler and pump rooms, with a coal pocket in 
the rear., The walls are to be of brick. In the 
25x50-foot turbine room will be installed a 
360-kilowatt Westinghouse turbine generator 
with two exciters and a motor-driven Le Blanc 
condenser. The boiler room will be 40x50 feet 
and equipped with two 72-inch Bigelow hori- 
zontal return-tubular boilers with forced draft. 
Space is provided for a duplicate boiler installa- 
tion. The pump room is to contain both boiler- 
feed pump and a 1000-gallon fire pump. The 
stack is to be of brick, 150 feet high, with a 
6-foot fiue. 

James Beggs & Co., of New York City, manu- 
facturers of the Blackburn-Smith feed-water 
filter and grease extractor, announce that an 
increasing demand for this specialty has made 
it necessary to appoint sales agents in all the 
principal cities. This filter may now be ob- 
tained through the following agents, all of 
whom have competent engineers to explain 
its operation and the advantages obtained by 
its use: Boston, Mass., Walter G. Ruggles 
Co.; Watertown, Conn., M. J. Daly & Sons; Buf- 
falo, N. Y., Buffalo Mill Supply Co.; Pittsburg, 
Penn., National Valve and Manufacturing Com- 
pany; Cincinnati, O., Murdock Manufacturing 
and Supply Company; Detroit, Mich., A. Har- 
vey’s Sons Manufacturing Company; St. Paul, 
Minn., R. B. Whitacre & Co.; San Francisco, Cal., 
Plant Rubber and Supply Company; Montreal, 
H. W. Petrie, of Montreal, Ltd.; Toronto, H. W. 
Petrie, Ltd.; Vancouver, B. C., H. W. Petrie, Ltd.; 
San Juan, Lebedjeff & Co.; Georgetown, British 
Guiana, W. G. Harry & Co. 

Among the orders recently booked by the 
Crocker-Wheeler Company is one for two 1000- 
kilowatt, 6600-volt, 3-phase, 25-cycle alternating- 
current generators for the Nordberg Manufactur- 
ing Company, Milwaukee, Wis. These machines 
will be used for supplying light and power to 
the Miami Copper Company, Globe, Ariz. The 
Houston Electric Company, Houston, Tex., 
has purchased an 800-kilowatt, 575-volt direct- 
current generator. Two 3-phase, 2300-volt, 
50-cycle alternators, having a combined capacity 
of 550 kilowatts, are to be added to the equip- 
ment of the municipal plant at Pasadena, Cal. 
A motor-generator set consisting of a 3-phase, 
60-cycle, 2300-volt, synchronous motor and a 
575-volt direct-current generator, having a 
capacity of 300 kilowatts, was sold to the Boise 
Valley Railway Company, Boise, Idaho. The 
National Tube Company, McKeesport, Penn., 
has added to its 22,800 horsepower of Crocker- 
Wheeler motors to the extent of 275 horsepowe1 
for the operation of saws and various rolling 
mill machinery. 
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New Equipment 


The Michigan Buggy Company, Kalamazoo, 
Mich., is building an addition and will install 
new engine. 

The San Antonio (Texas) Gas and Eiectric 
Company, it is said, will build a new power house 
to cost $200,000. 

The Hill Manufacturing Company, Lewiston, 
Me., is erecting a new mill. A 700 or 800-horse- 
power engine will be installed. 


The Ark Gravette Cold Storage, Canning and 
Packing Company has been incorporated with 
$50,000 capital. Incorporators, E. M. Grav- 
ette, J. T. Oswalt, E. L. Chatfield, ete. 


The North Carolina Electrical Power Com- 
pany is to erect a plant near Marshall, N. C., 
which is to cost about $400,000. C. E. Wad- 
dell, Biltmore, N. C., is engineer in charge. 

The Original Ice Company, Middletown Town- 
ship, N. J., has been incorporated with $20,000 
eapital to manufacture’ ice. Incorporators, 
Chas. A. Tantum, W. W. Tamlyn, B. F. Allen. 


Plans are being prepared by J. D. Atkins, 
Department of Pudlic Buildings, Treasury De- 
partment, Washington, D. C., for the installation 
of an auxiliary power plant at the San Francisco 
mint. 


The East St. Louis, Columbia & Waterloo 
Railway Company will soon start work on con- 
struction of proposed electric railway. H. 
Reichenbach, Columbia, Ill., is secretary and 
treasurer. 





Help Wanted 


Advertisements under this 
serted for 25 cents per line. 
make a line. 

SELLING 
condensers. 
delphia, Pa. 

WANTED—Thoroughly 
specialty salesman; one 
grade goods. Address “M. M. Co.,"’ POWER. 


AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—Man capable of taking charge 
of steam plant and miil repairs in large paper 
mill in New England. Seven days a _ week. 
State age, experience and salary expected. 
Only men now employed need apply. Apply 
to “3381,” Power. 

WANTED—An engineer experienced in de- 
sign and application of electric controlling 
devices for industrial installations. Must 
thoroughly understand latest commercial 
systems and apparatus. No application will 
be given consideration except from engineers 
of established reputation and experience. In 
reply, give references, experience and salary 
expected. Box 48, Power. 


head are in 
About six words 


ENGINEER wanted for steam 
Schutte & Koerting Co., Phila- 


competent steam 
that can sell high- 


Situations Wanted 


Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 

MASTER MECHANIC desires change : prac 
tical machinist of twelve years’ experience: 
West preferred; references. Box 46, Powrr 

A MACHINERY SALESMAN knows the trade 
in New York, Boston and Eastern states; has 
done a million and a half of business in seven 
years; open to engagement on salary and com- 
mission basis. Box 52, PowEr. 

SITUATION by chief engineer: can handle 
turbines, engines, condensers, stokers, and 
men, and can get results. References from 
present employers and leading engine build 
ers. Box 47, POWER. 


Miscellaneous 


Advertisements under this head are inserted 
for 25 cents per line. About siz words make 
a line. 

BERNICE PEA COAL for suction gas pro- 
ducers carries 10% volatile matter and makes 8 ft 
gas per pound of coal. Ask for analysis and 
prices. Charles W. Mooers, Shipper, Elmira, N. Y 
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The Cleveland Technical High Schoo 


Heating, Lighting, Power and Ventilating Systems in the $400,000 
Building Devoted to Cleveland’s New Departure in Technical Education 





BY 


The Cleveland technical high school, 
while a part of the public-school system 
of Cleveland, is in many essential re- 
spects unique in educational scheme, as 
well as in material equipment. The new- 
ness of this type of school and the magni- 
tude of the undertaking presented many 
intricate problems, both educational and 
material, to those concerned in formulat- 
ing its plan and in working out the de- 
tails of construction. The of- 
fered differ radically from those in other 
high schools in the city, and are not 
molded to conform to college entrance 
requirements. It is intended that this 
shall be in itself a finishing school, with an 
atmosphere of manufacture and industry, 


courses 


H. 


W. 


and steamfitting, clay modeling, pottery, 
mechanical drawing, leather and art metal 
work and bookbinding. The department 
for girls in domestic science has courses 
in cooking covering the preparation and 
analysis of foods, the study of food values 
and the preparation and serving of com- 
plete meals, house decoration, physiology 
and hygiene, nursing, household 
accounts, plain sewing, dressmaking and 
millinery. 


home 


The full course may be com- 
pleted in either four years of three terms 
each or three years of four terms. Night 
classes are carried on throughout the 
year in three sections meeting alternate 
nights. The same equipment and instruc- 
tion used during the day is available for 


WOODWARD 


ments for class rooms, of one square foot 
of glass to five square feet of floor, al- 
though the measurement given includes 
corridors, basement and all portions of 
the building. The cost of the building 
complete, exclusive of shop tools and lab- 
oratory apparatus, was $395,000 or about 
154% per foot, a very low 
price for so complex a-building with such 
elaborate equipment. 


cents cubic 


The completeness of equipment in draft- 
ing rooms and shops is evident from the 
illustrations. These rooms accommodate 
from 20 to 30 students each, and the ar- 
rangement of schedules keeps the rooms 
in service most of the day and evening. 
In the drafting room the designs are pre- 














FIG, 


whose graduates shall be prepared to en- 
ter a vocation. In the class room, studies 
are chosen which have the most immedi- 
ate and direct bearing on life work, and 
during the last two years pupils are al- 
lowed to specialize in lines where tastes 
and talents run. The school year is divided 
into four terms of twelve weeks each, 
with one week intermission between each 
term. The school day is divided into two 
equal parts, one for class room and recita- 
tion work, and the other in shop, foundry, 
kitchen or sewing room. Full courses 
are given in woodworking, patternmak- 
ing, machine shop, foundry, forge and 


blacksmith shop, bricklaying, plumbing 











I. CLEVELAND’S NEW TECHNICAL HIGH SCHOOL 


the evening classes. A two years’ course 
in evening work warrants the issuing of 
a certificate as an evidence of character 
and workmanship. 


Tue BUvuILpING 

The building contains 65 class and shop 
rooms besides offices, lunch, rest and toilet 
rooms, auditorium, gymnasium and power 
plant, and accommodates 1000 students. The 
total content is about 2,500,000 cubic feet, 
the floor area 125,000 square feet, the ex- 
posed wall area 45,000 square feet and the 
window surface 24,000 square feet. The 
window area for the entire building is 
nearly equal to the 


standard require- 


pared from which shop work is executed. 
Drafting tools and shop tools of every 
description are furnished by the school, 
and a system of hourly checking guards 
against and misuse. In all of the 
shops demonstrations of the work to be 
done are made before the tools are put 
into the students’ hands. 


loss 


Power PLANT EQUIPMENT 
In Fig. 7 the power plant of the build- 
ing is shown in plan view. 
room, 


The , boiler 
Fig. 8, contains three horizontal 
tubular boilers, 72 inches by 18 feet, 
built for t1o-pound pressure, and Detroit 


automatic stokers with dutch-oven set- 
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tings. The two automatic driving en- 
gines are so arranged that either engine 
will operate any or all of the stokers. 
A McDonough automatic damper regu- 
lator controls the stack damper, as well 
as the speed of the stoker engines. The 
stack, which is 150 feet high by 4 feet 
inside diameter, is octagonal in form and 
built of brick of the same color and 
quality as that used in the building. 

In the engine room, Figs. 9 and Io, are 
one 17x16-inch center-crank and one 
20x20-in_ side-crank Skinner engines, 
each equipped with an. automatic oiling 
system. The engines are direct-connected 
to 125-kilowatt and 200-kilowatt Burke 
three-wire generators and run at 250 and 
200 revolutions per minute, respectively. 

The feed-water heater, Fig. 11, is of 
the Webster horizontal cylindrical type, 
with receiving, purifying and _ heating 
tank having 40 cubic feet of water storage 
capacity, and piped as an induction heat- 
er. The two boiler-feed pumps, 6x4x8 
inches, furnished by the Platt Iron Works, 
are adapted to pump hot water and are 
so connected that they may be run separ- 
ately or together. They are equipped with 
ratchet-drive lubricators, Squires pump 
governors, and have a Bristol thermom- 
eter in the discharge line. The oiling 
system consists of storage tanks for cyl- 
inder and engine oil located in the boiler 
room, and each is piped to a funnel on 
the outside of the building, so placed that 
an oil barrel can be emptied direct from 
the wagon, and to faucets on the wall 
of the engine room. A gage board with 
a full set of nickel-plated gages connected 
to the high-pressure steam lines and heat- 
ing system, a switchboard and the auxil- 
iary apparatus for the Power’s tempera- 
ture control and the Webster vacuum 
system complete the engine-room equip- 
ment. 


HEATING AND VENTILATION 


The system of heating and ventilating 
is a combination of direct radiation and 
mechanical ventilation, the direct radia- 
tion being proportioned to supply the 
heat losses through walls and windows 
with steam circulating at or below atmos- 
pheric pressure. The ventilating system- 
is designed to supply fresh air at a con- 
stant temperature of 70 degrees Fahren- 
heit to each room. The direct radiation 
for each, room was figured from outside 
wall area, window area and exposure to 
wind and points of the compass. The 
formula used was developed during the 
progress of design, being a modification 
of one generally employed, and results 
have proved its correctness. 

Assuming an outside temperature of 
zero degree Fahrenheit, a room tempera- 
ture of 70 degrees Fahrenheit, steam in 
the radiators at atmospheric pressure, and 
cast-iron radiation emitting 250 B.t.u. per 
hour per square foot, 


W . 
R= 0.28 |G + - a hoe N c), 
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where 


R= Radiation required in square feet, 

G = Area of glass in square feet, 

W = Area of exposed wall in square feet, 

C = Contents of room in cubic feet, 

N=Number of air changes per hour, 
due to leakage around windows = 


Gy : 
W (number of protected sides) * 





N has values varying from % to 1/7 
depending upon window area and number 
of exposed sides. The radiation in rooms 
having a northern exposure and open to 
a free sweep of the wind was increased 
about 10 per cent. above that given by the 
formula. The direct radiation totals about 
15,000 square feet in 265 units. Except 
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covered with 85 per cent. magnesia put on 
by the Philip Carey Company. A 6x12-inch 
Kieley pressure-reducing valve with a 
24-inch bypass connects the high-pres- 
sure steam line to the heating system, 
and a Davis 10-inch vertical back-pres- 
sure valve is placed on the exhaust beyond 
the point where connection is made to the 
heating main. The exhaust head is a 
Swartwout I0o-inch cast-iron head, and 
the steam separators at the engine throt- 
tles are Swartwout vertical separators. A 
Webster 10-inch horizontal oil separator 
connects the engine exhaust to the heat- 
ing mains, and this is drained by a Web- 
ster low-pressure grease trap. The steam 
lines are drained by Anderson traps. 
The ventilating system was designed to 
supply to each room by means of blowers, 
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FIG. 2. PLAN OF FIRST FLOOR 


in the auditorium, locker rooms and cor- 
ridors, wall radiators of ornamental cast 
iron are used. These are tapped at the 
top for steam and at the bottom for re- 
turns, and are set with a pitch of 1 inch in 
1o feet. Floor radiators are two-column 
cast iron and tapped for a single pipe 
connection. All cast-iron radiation was 
furnished by the American Radiator Com- 
pany. In the gymnasium locker rooms are 
coils of 1I-inch pipe, supported from the 
ceiling on roller hangers. 

For the heating system the steam piping 
is laid out for overhead distribution and 
for downward flow both of steam and con- 
densation, and is graded to 1 inch in to 
feet. Piping is of standard weight, Na- 
tional Tube Company’s make, and fittings 
and valves were made by the Crane Com- 
pany. Excepting risers, all piping is 


30 cubic feet of air per minute for each 
occupant, at a constant temperature of 
70 degrees Fahrenheit, and to remove 
air from the rooms with exhaust fans. 
The horizontal ducts from the blowers 
to the risers are built of brick and con- 
crete under the basement floor, and the 
risers, both supply and exhaust, are of 
galvanized iron. Each supply riser has 
an adjustable deflecting damper at the bot- 
tom to insure proper distribution of air, 
and starting at the floor level of the room 
which it serves, the riser is widened till 
it reaches the outlet, in order to secure a 
low velocity for the air delivered. The 
riser is coved at the top and has a coarse 
horizontal screen below the outlet, but 
the opening, which is about 7 feet above 
the floor, is not covered by a register face. 
On account of the large amount of air 
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FIG. 3. PATTERN SHOP 


required for the auditorium and_ the 
gymnasium, special plenum chambers are 
provided at the entrances to these rooms. 
The vent flue in each room starts from 
the floor level, and the opening is covered 
by a register face, just inside of which is 
placed a curtain of light aluminum flaps 
hanging horizontally and overlapping each 
other by about 1 inch. This acts as a 
most effective check valve on the vent 
system, allowing the air to pass freely 
from the room, but preventing any back- 
ward flow. Vent flue outlets for the au- 
ditorium extend across the full width of 
the stage and open into a special vent 
chamber under the stage floor. The vent 
flues discharge into the attic spaces, and 
at the upper ends have volume dampers 
to regulate the amount of air drawn from 
each flue. The tiers of closets on either 
side of the building, and the chemical 
laboratory have each its special exhaust 
system. ‘i 

Air is supplied by three 8-foot and one 
g-foot steel-plate single-inlet bottom-hori- 
zontal discharge fans with housings spe- 
cially designed to suit the conditions of the 
building. Each 8-foot fan delivers 41,000 
cubic feet of air per minute at 190 revolu- 





FIG. 5. FORGE SHOP 


tions per minute, using from 15 to 20 horse- 
power, and the g-foot fan delivers 54,000 
cubic feet per minute at 160 revolutions per 
minute with 20 to 25 horsepower. Three 
of the fans are belted to Burke motors, 
while the one supplying the shops is di- 
rect connected to an 8xro-inch horizontal 
center-crank engine with automatic throt- 
tling governor, designed to run at 200 
revolutions per minute on a steam pres- 
sure of 100 pounds. The exhaust fans 
comprise four 60-inch electric propellers 
running at 200 revolutions per minute and 
delivering 30,000 cubic feet of air per 
minute; two 45-inch steel-plate exhaust- 
ers, with a capacity of 4500 cubic feet 
of air.per minute at 1100 revolutions per 
minute, connected to the closet exhaust 
system; and a No. 3 Monogram exhauster 
with a capacity of 1400 cubic feet per 
minute, on the exhaust system of the 
chemical laboratory. All fan motors are 
provided with Cutler-Hammer standard 
fan regulators with automatic overload re- 
lease, which are capable of reducing the 
speed of the fan to one-half of the normal 
rating. The tempering coils for the 8-foot 
plenum fans contain 5600 lineal feet of 
I-inch pipe, and those for the 9-foot fan 
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FIG. 6. 


MACHINE SHOP 
contain 7200 feet. The plenum and ex- 
haust fans, direct-connected motors, steam 
engine and tempering coils were furnished 
by the B. F. Sturtevant Company. 

The Webster vacuum system is applied 
both to direct radiation and to the tem- 
pering coils, each unit of radiation and 
each drip point having a Webster water- 
seal motor which prevents the escape of 
steam while permitting the discharge of 
air and water. An 8x1t2x12-inch Webster 
vacuum pump brings all condensation back 
to the engine room, and a vacuum gov- 
ernor controls the pump speed and main- 
tains any desired degree of vacuum in 
the return lines. : 

Every important room in the building is 
provided with the 
temperature 


system of 
control. In the 
larger class and session rooms, automatic 
control is applied only to part of the radi- 
ators, while the balance have hand con- 
trol. In shops, gymnasium and auditorium, 


Power's 
automatic 


the radiators are grouped on submains, 
each group having automatic control. The 
tempering coils at the fans are divided 
into three sections, each section with an 
automatic valve adjusted for a different 
temperature range, and under the coils 
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are the air bypass dampers. The dia- 
phragm valves for radiators and tem- 
pering coils, numbering 120, have gradu- 
ated control maintaining a partially open 
position and supplying just steam enough 
to do the heating required; the diaphragm 
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motors on bypass dampers operate with 
a graduated motion maintaining any in- 
termediate position required. The thermo- 
stats controlling the direct radiation, num- 
bering 70, have for a sensitive element a 
hollow corrugated-metal disk containing 
a highly volatile liquid, and operate the 
valves with a temperature variation of one 
degree. Compound-duct thermostats near 
the fan delivery control the diaphragm 
valves on the tempering coils and the 
diaphragm motors on the bypass dampers. 
At the delivery of the disk fans in the 
attic are doors operated by diaphragm 
motors controlled by air cocks. The air 
compressor, which furnishes the motive 
power for the system, the driving motor 
and automatic switch made by the Powers 
Regulator Company, the switchboard 
with air cocks for attic damper control 
and the storage tank under pressure of 
15 pounds are located in the engine room. 
Piping of galvanized iron and armored 
lead tubing connects with each thermostat, 
valve and diaphragm motor. 


LIGHTING 
The scheme of lighting conforms to 
the specific requirements of the several 
rooms. For general illumination in class 
rooms, corridors and auditorium, there 
are 530 60-watt tungsten lamps. In shops, 
drafting rooms, locker and toilet rooms, 
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gymnasium and apparatus rooms, carbon 
lamps are used. The shops have in- 
dividual drop lights over each machine, 
and in the drafting rooms the adjustable 
lamps are wired from the floor. The 
gymnasium is lighted by ceiling clusters 
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FIG. 7. PLAN OF ENGINE AND BOILER ROOMS 
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sential to match colors and fabrics at 


night. In the boiler and engine rooms are 
Cooper-Hewitt mercury vapor lamps. 
Sixty electric motors, ranging in size 


from % to 30 horsepower, are in use for 
shops, ventilating fans, elevators, etc. The 
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of carbon lamps protected by metal cages ; 
the auditorium by tungsten lamps in ceil- 
ing clusters with holophane globes and 
carbon lamps at the sides; the stage by 
carbon lamps. There are 34 single-glower 
Nernst lamps used in the art, millinery 
and dressmaking rooms where it is es- 
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lighting system has three-wire distribu- 
tion, with both two- and three-wire cir- 
cuits for shop motors. Seventeen dis- 
tributing cabinets for light and power are 
located at convenient centers of distri- 
bution and so wired that a very close 
balance is maintained on the lighting cir- 

















ee ne ate 


3 
: 
3 
é 





Seas. 


ee eae 








June I, 1909. 





POWER AND THE ENGINEER. 














FIG. 9. 


cuits; all lights not controlled direct from 
the cabinets are operated by Hart single- 
pole flush $nap switches. The neutral is 
thoroughly and permanently grounded at 
the switchboard, and the neutral of the 
feeder circuits is not brought up to the 
feeder panel. All wiring throughout the 
building is in metal conduit, and the 
cables from the generators to the switch- 
board are lead covered and laid in vitri- 
fied tile. 


SWITCHBOARD 

The switchboard, Fig. 12, comprises two 
generator and two feeder panels, 
the necessary switches, I. T. E. 


with 
circuit- 
breakers and instruments, and provides 
for 21 circuits. The ammeters and volt- 
meters are Weston round-pattern back- 
connection instruments, the ammeter on 
the feeder panel being a two-way instru- 
ment with a 100-0-300 dial. On the end 
feeder panel are Sangamoo 1500-ampere 
shunt total-output wattmeters. The first 
feeder panel contains voltmeter and am- 
meter switches of special design, by means 
of which the voltage can be read across 
the terminals of each generator, across 
the outside busbars, and from each outside 
bus to the neutral, and the current in any 
circuit can be determined. Shunts are 
placed in each circuit, and each feeder 


switch is labeled and numbered corres- 


FIG, II. 


AUXILIARY APPARATUS 


SMALL GENERATING SET FIG, 


ponding to the number on the ammeter 
switch. Fuses and cutouts for the feeder 
circuits are mounted on separate marble 
blocks at the back of the board. The 
board is of blue Vermont marble 2 
inches thick by 7 feet high, and the ends 


are closed in by a heavy-mesh wire net-, 


ting with oxidized copper finish. The 
switchboard and panel boards were built 
by the Cleveland Switchboard Company. 


Test Data 

During the winter of 1908-9 a series 
of tests were made on the heating and 
ventilating system and the power-plant 
equipment. The air supply to each room 
was found to be very close to the calcu- 
lated amount. The plenum fans under 
normal running conditions handle 140,000 
cubic feet of air per minute, and during 
the 9 hours’ run deliver 3000 tons of air. 
The power required to drive them is 55 
horsepower, and to drive the exhaust fans, 
about 20 horsepower. The air is delivered 
at a temperature of 70 degrees Fahrenheit 
and with outside temperature at 30 de- 
grees Fahrenheit, 120 pounds of steam per 
minute is condensed in the tempering 
coils, requiring 200 boiler horsepower and 
4% tons of coal a day to heat the air for 
ventilation alone, with a correspondingly 
greater amount for a lower temperature. 
A chart from the recording thermometer 





10. THE 200-KILOWATT UNIT 


is reproduced in Fig. 13. From 6:30 to 
7:30 a.m., while the building was being 
warmed, the temperature regulation was 
out of service and the air heated to 130 
degrees Fahrenheit, but during the rest of 
the day the temperature was maintained 
very close to the 70 degrees. During the 
month of January, 1909, 270 tons of coal 
were burned, 3,350,000 pounds of water 
evaporated and_ 17,000 
used, and at no 
haust from the 


heat the building. 


units 
time was the ex- 


electrical 


sufficient to 
Tests on boilers, en- 
gines and generators were made at in- 
tervals, of which the following are average 
results: 


engines 


BOILER TEST. 


Kind of boilers.......... Horizontal tubular. 
TS eee 72”x 18’ —72—4” tubes. 
Heating surface, each. ...1609 square feet. 
re, Lf See Detroit automatic. 
| Cee Rush Run slack. 
Number of boilers in test........... 3 
Duration of test, hours............. 8 
Average steam pressure, pounds..... 95 
Average temperature feed water, 

OS ea eee 136 


Average draft in uptake, inches of 


NE ba Wott os Kone ais ois Riad a oe 0.38 
Average per cent. of moisture in 

SE Pree a ae ee ee te 2.3 
Average draft over furnace, inches of 

I ON wr owe dW wi ee ee 0.17 
Average CO,, per cent... ...ccceees 11.7 
Average oxygen, per cent........... 8 


‘ 

Calorific value of dry coal, B.t.u 11,980 
Total horsepower, rated at 12 square 

feet per horsepower. ............. 402 

Average boiler horsepower developed 438 
Apparent evaporation per pound coal 


as fired, pounds... ......--seeee. 7.31 
Equivalent evaporation per pound 
coal as fired, pounds............. 7.98 
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Equivalent evaporation per pound 
dry coal, pounds ........ bial See a 
Equivalent evaporation per pound 


8.35 


combustible, pounds............. 10.13 
Efficiency of boiler furnace based on 

COPY GCOML, POP COME... 55sec 67.3 
Percentage of steam used by stoker 

eg | a re ee 2.25 

ENGINE TEST. 

| res Skinner simple, noncondensing. 
Peer Side crank. 
Cylinder dimensions, inches............ 20x20 
Average steam pressure, pounds........ 96 
Average back pressure, pounds......... 1.33 
Average speed of engine, r.p.m......... 196 
Average indicated horsepower.......... 306 
Dry steam used per kilowatt-hour, pounds 46.8 
Dry steam used per electrical horse power- 

ee SSR ee ae 35 
Dry steam used per indicated horsepower 

BIGGAR, FRORIIIGN 60. oid. 0.6 0 oc. 0c6d:00 6.6 6-0:9:0'0 0.2 

GENERATOR TEST. 

| ee Burke direct-current, three-wire.. 
Rating at 250 volts, amperes........... 800 
RIE COERMIID,, 6. 5.5: 5, wid a e462 dhe e.one 4 Ses 235 
RVOTONS GIDOTO 6.5.5 5c cece esas ence 840 
Average load, kilowatts. .......ssseee. 198 
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The educational scope and material 
features of the school were outlined by a 
commission of prominent Cleveland men 
appointed for that purpose. The designs 
for the building were prepared by Archi- 
tect of Schools F. S. Barnum, and the 
details of the heating, ventilating and 
lighting systems and power plant were 
worked out by Charles A. Cadwell and 
H. W. Woodward of The Cleveland En- 
gineering Company. The administration 


of the school is in the hands of Principal 
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James F. Barker, under the general direc- 
tion of Superintendent of Schools William 
H. Elson. The operation of the plant is in 
charge of the engineer, William C. Clark. 
The building was formally dedicated by 
the Board of Education and delivered to 
Director of Schools Charles Orr on 
April 15, 1900. 





The Growth of the High Speed 
Engine 





On Tuesday evening, May 11, an ab- 
stract of a stenographic report of a lecture 
on “The Growth of the High Speed En- 
gine, or The Straight Line Engine in 
Particular,” by Prof. John E. Sweet, was 
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13. CHART FROM RECORDING THERMOMETER 


read before the Modern Science Club, 
of Brooklyn, N. Y. Thirty-five lantern 
slides were used. Professor Sweet was 
not present. An animated discussion fol- 
lowed the reading of the paper, which 
was in part as follows: 


ProFessor SwEET’s PAPER 

In treating of this subject I shall, both 
from necessity and choice, rely entirely 
upon my memory. Just who built and 
ran the first high-speed engine would 
be hard to determine, because it turns 
upon what we call high speed in revolu- 
tion and what we now know as high 
speed originated in about this way: 
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At the time when Charles T. Porter was 
building steam-engine governors, Horatio 
T. Allen, who was later associated with 
Mr. Porter in building the Porter-Allen 
engine, conceived the idea that he wanted 
an engine with a positive valve motion 
that would give the results of the Corliss 
engine. 

In their natural intercourse, Mr. Porter 
suggested. to. Mr... Allen that with his 
valve motion the engine could be run at a 
much higher speed. Mr. Allen had not 
thought of this, nor taken to it very 
enthusiastically. Mr. Porter worked out 
the idea, and among other things had 
built and exhibited one of their engines at 
the London exhibition of 1862, where he 
astounded the English engineers by the 
speed at which it ran, although it was 
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FIG. I. FIRST PENCIL SKETCH, LATE IN 1869 
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FIG. 2. HORIZONTAL SECTION OF FIRST ENGINE 
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FIG. 3. ORIGINAL ENGINE, FLYBALL GOVERNOR 
’ 

what we would now call moderate speed. 

At that time I was a draftsman in 
the international patent office, London, 
and traced on parchment the drawings of 
the Richards indicator (of which Mir. 
Porter had charge). I believe I saw Mr. 
Porter, although I did not make his ac- 
quaintance. However, we met at the 
Paris exhibition, where Mr. Porter ex- 
hibited five engines built at the Whit- 
worth works in England. The largest 
one, 12x24 inches, ran a portion of the 
machinery, and at the speed of 250 revolt- 
tions per minute, if I recollect correctly. 
This engine had a condenser of Mr. 
Porter’s design, in which the pump plun- 
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ger was connected directly to the tail end 
of the piston rod, and although running 
at that high speed, which no engineer 
but Mr. Porter believed could be made 
serviceable, the engine worked quietly and 
successfully. The secret was in making 
the end of the plunger pointed and run- 
ning it under water. 

Of the four other engines, all I think 
6x12, one ran at a terrific speed. The 
attendant told me that they were going 
to run it at 1000 revolutions, although I 
do not know what Mr. Porter expected to 
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GOVERNOR WITHOUT ROCKER 























FIG. 6, PISTON, CROSSHEAD, ROD AND LONG 
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do, or did do, but anyway it went fast 
enough. Mr. Sprague says 1500 or 1600 
but I don’t believe it. Two were run- 
ming dynamos for lighthouses, and an- 
other was a complete engine with one- 
fourth of the cylinder:and steam chest 
cut away, driven by a belt to show the 
action of the valves, piston, etc. This 
was repeated by the Buckeye Engine Com- 
pany many years later. 

On Thanksgiving Day, 1870, I started on 
the drawings for the first Straight Line en- 
gine (Figs. 1and2),and finished and started 
the engine on the first day of April, 1871. 
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This 


engine had a varied experience, 
and for the last nineteen years has 
adorned, or disfigured the present 


Straight Line engine works. See Fig. 2. 
In the meantime Mr. Porter had come to 
New York, built a shop at Harlem, and 
was in the engine business, building and 
selling the Porter-Allen engine. 

While at Cornell, in 1875, with only 
student labor, we built the second 
Straight Line engine and had it on ex- 
hibition at the Philadelphia Centennial. 
This engine had a shaft governor which 
was then, perhaps, the second or third one 
ever shown in this country. Mr. Hoadley’s 
and Mr. Tabor’s were earlier, and the 
Hartnell, of England, earlier still. Patents 
had been secured before, but I do not re- 
call that any were so far advanced as to 
call general attention to them. 

In the fall of 1879 the third Straight 
Line engine was built. See Fig. 3. In 
February, 1880, the Straight-Line En- 
gine Company was organized, a name 
given to the engine, and the first one 
built by the company was started the 
first of July of that year. This engine is 


still running at the Lakeside power house 
in Syracuse, N. Y. 


Power, N.Y. 


FIG. 7. PACKINGLESS VALVE STEM 
At the Centennial there were shown 
three or four electric generators or 
“dynamos,” as they were called then, and 
the one we had built at Cornell, the first 
Gramme machine built in this country, 
was shown driving an electric light, but 
such only as could be used for a lantern. 
Electric lights up to that time had been 
used only in lighthouses and _ lanterns. 
That fall electric lights were placed on 
the campus at Cornell, and others, to some 
extent, in the East. 

The growth of the electric light and 
the growth of the high-speed engine came 
on together. The electric people have 
often claimed that the electric-light busi- 
ness built up the high-speed engine, but 
there are two sides to that story. 

In the early days there was a good deal 
of flicker in the lights and the electricians 
claimed that it was all due to the unsteady 
speed of the engine. 

We furnished an engine for the Brush 
people and after Mr. Brush and his super- 
intendent worked a half day testing out 
a forty-arc-light machine, Mr. Brush de- 
cided that the greatest variation was one 
turn in two minutes, and that led them to 
“sit up and take notice” and settle that 
the flicker was due to imperfect car- 
bons. The better-governed engines helped 
out the electric people. 
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The slow-speed Corliss engines varied 
so at each revolution that the speed of the 
engines could be counted anywhere the 
lights were in view. 

The next engines that bid for favor 
among the electric people were the Arm- 
ington & Sims and the Ball. I think 
the Armington & Sims first, as they 
seemed to have a pull with Edison and 
were the first to make great progress. 

The Ball builders made 


great claims 


for their governors, but they have changed 
or four times, while ours is 


them three 
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FIG. 9. PRESENT ENGINE, COFFIN THROTTLE ; 
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FIG. 10. COVER PLATE AND BAFFLE IN VALVE 
practically the same as that used in the 
first engine built by the company, twenty- 
nine years ago. 

The Straight Line, Armington & Sims 
and Ball engines were center-crank, shift- 
ing-eccentric shaft-governed ; ours a single 
ball; the Armington & Sims two balls, 
and in the Ball the governing was partial- 
ly centrifugal and mainly by an ingenious 
arrangement whereby the eccentric .was 
shifted by the load. 

Soon after the four engines mentioned 
came the Payne, Ide, Westinghouse, Skin- 
ner and others. 
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The Porter-Allen and the Straight Line 
valves were mechanically fitted flat valves, 
depending on the mechanical fit for tight- 
ness. The Armington & Sims and West- 
inghouse piston valves and the Ball used 
a partially balanced valve. 

At the Centennial the Buckeye Engine 
Company exhibited a small engine, such 
as they coupled direct to a circular saw, 
and ran it at a terrific speed. I think they 
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said 400 turns a minute. It was some- 
thing like a 6x12 or larger, and the saw 
of such size as is used for cutting lumber. 

The Westinghouse two-cylinder single- 
acting engines were short-stroke, and ran 
at high speed, likely faster than any of the 
others, and as far as numbers were con-" 
cerned the Westinghouse people turned 
out twice as many as any other builder, 
although possibly not as far as electric 
lighting was concerned. They were the 
first to adopt the inclosed crank case and 
splash oilers, and the first to introduce 
compounding. The continuous systems 
of oiling with pump and filter was intro- 
duced later, and I think by steps, but by 
whom first I do not recall. 

J. C. Hoadley, who was the first, no 
doubt, to introduce the shaft-governed 
shifting single-eccentric in this country, 
determined by experiment that to have the 
engines run quietly from to to 14 per cent. 
clearance was and Bourne 
and Auchincloss that it was not possible 
to use the shifting eccentric and maintain 
a constant lead to the valve at both ends 
of the cylinder. This led me to “monkey” 
with the rocker arm and design the cor- 
rected valve which did maintain 
a constant lead at both ends of the cyl- 
inder. 

Experimenting with our earliest engines 
showed me that a constant lead was exact- 
ly what we did not want, but a variable 
lead; and when we got the variable lead 
I became convinced that the constant lead 
was not worth the distorted rocker arm 
that it took to get it. See Fig. 4. 

By the change from the original form 
of approximately constant lead to the 
variable lead, we were enabled to reduce 
the clearance to one-half of the amount 
Mr. Hoadley had established, and as 
the clearance is one of the sources of loss, 
the new arrangement not only enables us 
to run quietly at a wide range of load, 
but much more economically. See Fig. 5. 

While great stress has been laid on the 
superiority of the Corliss engine, and 
justly so, this gain in economy by the 


necessary, 


motion 
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change in the valve motion did not give 
our engine the trade; and this, perhaps, 
because of a lack of able salesmen. 

But there are in the small electric-light 
business three essential things that come 
in before economy. The most essential 
of all being that the engine must go, and 
with the briefest possible stop—when a 
stop is imperative. The engine must 
govern on the widest variation of load, 
and the engine must be quiet and in many 
cases practically noiseless. The question 
of steam consumption sometimes does not 
come in at all, on account of heating 
the place. 

This history has extended over a period 
of about forty-five years. No one can 
realize the amount of study and experi- 
menting that has been given to the de- 
velopment of the subject. The experi- 
ments we have tried, and found to fail, 
far exceed the successes and, as Edison 
says, “No failure is a loss, because you 
learn something ;” so we have learned a 
lot of things that don’t work as well as 
we could have hoped. 

We tried long pistons (Fig. 6) which 
all said was right, but they did not do 
well; too many got to cutting. We tried 
various kinds of piston rings which had 


limited expansion stays. Mr. Porter’s 
four-opening double valves with very 


short travel have eight chances for leak- 
age, aggravated by the small lap. We cut 
it down to one valve, with two chances 
for leakage and long travel and wide lap, 
which is better, but none too good. 

The compensating-pressure plate is too 
complicated. For the various steam-chest 
and cylinder-head joints, the narrow band, 
metal-to-metal, is the thing; also, the 
round rod in a reamed hole for piston and 
valve rods; the bushes, from wood to 
iron. Babbitt is best in some places, 
lead bronze in others (Fig. 6). 

Six or eight kinds of crossheads and 
guides; two or three different kinds of 
attachments of crossheads to rods; three 


cast 
and 
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or four kinds of takeups on crosshead 
pins; three or four crosshead pins; three 
different frames; solid and 
bushed cylinders; three or four modifica- 
tions in the design of the governor; three 
kinds of governor, before the final de- 
sign (Fig. 5); three kinds of main boxes; 
two or three throttles before John Cof- 
fin’s (Fig 9); two distinct forms of cross- 
section of the various parts; and a half 
hundred direct-connected bases; certainly 
as many, if not ‘more marked departures 
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from general practice on the part of other 
builders. 

The original characteristic features of 
the Straight Line engine were the straight 
two-arm frame, three-point support, ring 
oilers (Fig. 1), flywheels on the throws 
of the crank (Fig. 2), single-ball gov- 
ernor (Figs. 4 and 5), absence of packing 
on piston and valve rods (Fig. 7), end 
play to all journals, long crossheads (Fig. 
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FIG. I3. ENGINE WITH ROCKER ARM FOR 
CONSTANT LEAD 

8) and short’ guides, limited ex: 

pansion piston rings, the absence of 


foundation bolts (Fig. 9), baffle plates in 
valve (Fig. 10), Coffin throttle and pop 
piston, balancing pockets in rim of fiy- 
wheel (Fig. 2). 

It is for us, whose shadows are grow- 
ing fainter and fainter, to anticipate what 
is to be the final outcome of our fight- 
ing this battle for the high-speed engine. 
Grass grows up and dies down; trees 
grow and die; dogs grow and die; and 
man suffers the same fate. Countries 
spring up and flourish and fade away, 
and astronomers tell us that the 
is dead, and that there are dead stars. 
Each and every one of the old slide-valve 
engines has had its day, a thousand rotary 
engines have died “a-borning” and the 
glory of the Corliss engine is waning. 

The high-speed and gas engines started 
together. The gas engine has matured 
much more slowly, and is about to have 
its The high-speed engine is 
changing its coat, and must share the fate 
of everything else. It has served its pur- 
pose, proved its right to existence, been 
useful, and if it goes down with the Cor- 
liss engine it will die in good company. 


moon 


innings. 





Steam-turbine semi-portable units are 
built by the Allgemeirne Dampfturbinen 
Gesselischaft in Nuremberg. The turbine 
is above the boiler and direct-connected 
with the dynamo. The boiler has 
rugated flue tubes, internal furnace and 
smoke tubes, and comparatively big water 
and steam spaces. The superheater, for 
750 degrees Fahrenheit, is in the reversing 
chamber. It has surface condensation for 
getting warm water free from boiler scale. 
The boiler seat is constructed as a pump- 
case for the condensation pump. Portable 
units have jet condensation. For small 
work, pressure turbines are used, for 
larger work, overpressure turbines. At 
700 horsepower a consumption of 1.3 


cor- 


pounds of high-grade coal is guaranteed. 
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Development of the Surface Condenser 


The Surface Condenser before and after the Advent of the Steam 


Turbine. 


Factors Influencing Surface Efficiency and Condenser Design 





BY 


The surface condenser owes its inven- 
tion to what Neil Dow denominated the 
“Demon Rum,” for wherever distilled 
liquors have been manufactured the 
“worm of the still” is known and its uses 
well understood. It may be considered 
certain that, as the still was introduced 
into Europe from Arabia before the ninth 
century of our era, it is a most ancient 
piece of mechanical apparatus being 
antedated only by the boiler, the invention 
of which must have been developed at 
some earlier time. 

The earliest distilling apparatus prob- 
ably consisted of a vessel of clay or glass 
for containing the liquid to be distilled 
and a pipe or receiver with cooling appa- 
ratus for condensing the distillate, or con- 
densed vapor from the boiling liquid. 
Later the pipe or receiver was developed 
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FIG. I. THE HELICAL WORM 

into the form of the helical worm so often 
used in the stills of a few years ago. It 
is said that a perfectly preserved glass 
worm was found in the excavations made 
at Tyre in Syria some forty years ago, 
the Tyrians being famed as glassblowers. 
The city was destroyed by Alexander in 
332 B. C. With the introduction of Arab- 
ian learning in Europe, the science of 
alchemy was disseminated and the “retort 
and alembic,” or chemist’s still, came to be 
well known. In later years Liebig modi- 
fied the form of the alembic, or conden- 
ser, so that it consisted of a glass tube 
Surrounded by a second glass tube, pro- 
vided with means for circulating a stream 
of cooling water between the inner and 
outer tubes, thus producing the tubular 
condenser of modern form. 


A. 


While alchemy had been developing into 
chemistry the art and science of engineer- 
ing had come into being. Papin, Savery 
and Worcester had changed the retort 
into a boiler. Newcomen had applied the 
boiler to an engine, and in 1765 James Watt 
took out a patent for a steam engine with 
a separate condenser in which the steam 
was condensed by contact with a metallic 
surface cooled by a stream of water flow- 
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FIG. 2. CHEMIST'S STILL 
























































FIG. 3. LIEBIG CONDENSER 


ing over the outside, as well as a jet of 
water inside, a combination of surface 
and jet condenser. In 1794 Cartwright 
patented a condenser in which the steam 
was condensed in the annular space be- 
tween two cylinders, the cooling water 
flowing through the inner one and around 
the outer one. Brunel in 1822 patented a 
surface condenser using groups of small 
tubes for cooling surface. Finally, in 1831, 
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Samuel Hall took out his patent coveririg 
the surface condenser, properly so called, 
claiming among other things the use of 
the condensed water for boiler feed water 
and the distilling of fresh water for make- 
up feed. In his condenser the steam passed 
through the tubes and the water around 
them. 

One of the first ships fitted with Hall's 
condenser was the “Sirius,” which in 1838 
made the first passage under steam from 
England to America. Hall’s condenser 
was not a success, partly because of the 
low steam pressure carried (about 15 
pounds gage) and partly on account of 
the use of tallow as a lubricant. The 
tallow, partly decomposed by the heat of — 
the steam, volatilized and coming in con- 
tact with the tubes, which were made of 
copper, formed soluble copper salts which 
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FIG. 4. HALL’S CONDENSER 
rapidly attacked the iron plates and tubes 
of the boilers. The change to brass tubes 
for the condenser did not help matters 
very much and, besides, the tallow not 
decomposed frequently hardened in the 
tubes. Hall did not think of passing the 
water through the tubes insfead of the 
steam, and his condensers were soon re- 
placed by the ordinary jet condenser. In 
1838 John Bourne patented the counter- 
current principle for the steam and cir- 
culating water, used separate circulating 
and feed pumps, and passed the water 
through the tubes instead of around them. 


SurFACE CONDENSER IN 1860 

It was not until 1860 that the increased 
boiler pressures made the surface con- 
denser a necessity. Up to about this time 
the pressure carried did not exceed .30 
pounds gage, and sea water was used for 
feed water. The amount of salt in the 
boiler water was tested from time to time 
by the salinometer, and when too con- 
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centrated the boiler was blown down and 
fresh sea water was added, the concen- 
tration always being kept below the point 
at which the calcium sulphate commenced 
to be deposited. When the pressure was 
increased to 45 pounds gage, the calcium 
sulphate was deposited at the ordinary 
concentration of sea water, so that it 
could no longer be used for feed. 

About this time the surface condenser 
was tried by many shipbuilding firms 
with success and soon became the standard 
apparatus. The necessary makeup was at 
first carried in the ballast tanks, but 
evaporators were soon installed, and at 
the present time are an indispensable part 
of the outfit of every ship. 

On land the surface condenser was not 
taken up by designers and manufacturers 
to such a degree as in marine work, for 
the incentives were lacking. Good feed 
water was usually cheap and plentiful. 
The jet condenser gave the 23 to 26 inches 
of vacuum required with a much smaller 
expenditure of power and cooling water, 
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and withal the jet condenser was much 
less costly in first cost and maintenance. 
It was only where the feed water was 
bad or very costly that the surface con- 
denser was used, and most of the large 
installations were near the seacoast or 
rivers, 

As first built for land purposes the 
surface condenser followed closely the 
lines of marine practice. The shell, either 
circular or rectangular in section, was 
usually made of cast iron with end 
flanges. The tube plates were bolted to 
the flanges of the shell with sufficient bolts 
to hold them in place. The water boxes 
were placed on the tube plates and bolted 
through the tube plate to the flanges of 
the shell. From the lowest part of the 
shell the hotwell pipe led to the air pump. 
The circulating water was led into the 
water box at one end of the condenser and 
passed through the tubes and out through 
the water box at the other end. The ex- 
haust steam entered the condenser through 
a nozzle at the top of the shell. The air 
pump was the usual bucket pump of the 
old jet-condenser type, or the horizontal 
piston type with flap valves developed 
in the sugar industry. Dry-air pumps 
were unheard of and not necessary. Most 
condensers had a provision for intro- 
ducing a jet of cold water into the steam 
space, usually a rose nozzle at the steam 
inlet, in order to assist in the work of 
condensation, and to furnish the makeup 
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feed. That this makeup water was 
warmed to the feed temperature was a 
well-known incidental saving, as shown by 
Bourne’s patent in 1838. 

By 1870 the surface condenser had at- 
tained the status of a standard machine 
differing but little from the description 
given above, and until the appearance of 
the steam turbine with its demands for 
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LIGHTHALL’S STEAM BOILER CONDENSER 


FIG. 7. 


better vacuum, only two additions of mo- 
ment were made in the design of the 
apparatms. As early as 1850 it was 
known that the efficiency of the condenser 
depended on the velocity of the water in 
the tubes; the greater the speed the high- 
er the efficiency, and the water was made 
to pass twice or three times through the 
length of the condenser by dividing the 
tubes into banks by means of partitions 
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in the water boxes. This practice did 
not become general until after 1870. The 
better results obtained by this means and 
the bending of the upper rows of tubes by 
the force of the entering steam suggested 
the introduction of baffle plates and sup- 
porting plates inside of the condenser, 
these tending toward a better distribution 
of steam to the tube surface. 
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PIRSSON’S SURFACE CONDENSER 


In navy condensers attempts were made 
to secure better steam distribution by 
providing steam passages into the tube 
banks, these passages being made by leav- 
ing out tubes. Although good results 
were obtained by this method, the manu- 
facturers did not seem to take kindly to 
it. For this reason this method is rarely 
used although many condensers in actual 





SURFACE CONDENSER OF 1860 


service have been greatly improved by re- 
moving tubes to open a passage for the 
exhaust steam into the tube banks. 
Wheeler, in 1883, patented a surface con- 
denser making use of the Field tube prin- 
ciple. He made use of a double water 
box at one end of the condenser, the con- 
densing water entering the outside tube 
and coming back by the inside tube. This 
condenser was not very successful, prob- 
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ably on account of the entering cooling 
water absorbing heat from the water on 
its return as well as from the steam. 


Tue Arr Pump 

Since Newcomen’s time, the air pump 
had made comparatively little progress, the 
single-acting bucket pump with three 
valve decks, one in the bucket and the 
others above and below it, being the most 
popular for use with the surface conden- 
ser, as it always has been in the case of 
the jet condenser. Occasionally either 
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FIG. 8. PASSAGES IN TUBE BANKS 





FIG. 10. SURFACE CONDENSER MOUNTED ON COMBINED 


the upper deck of valves or the lower 
deck was omitted. These pumps were al- 
ways built with vertical barrels, and for 
use with the ordinary vacuums of 24 to 26 
inches are quite efficient when well de- 
signed and kept in proper repair. 

The horizontal double-acting type, which 
had early been developed from the force 
pump as the bucket pump had from the 
ordinary house lifting pump, was also 
Popular, especially in the sugar industry 
Where indeed as much progress in conden- 
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sation had been made as in marine work. 
This pump with its inclined flap valves 
and proper design was capable of exceed- 
ingly good work. It was also built with 
horizontal valve decks and vertical lift 
valves. 

Generally the circulating pump was of 
this design also, and in marine work was 
uniformly driven from the crosshead 
along with the air, feed and bilge pumps. 
In land work the air pump was sometimes 
driven from the crosshead, but by this pe- 
riod the circulating and feed pumps were 
always independent where surface con- 
densers were used. Some twenty years 
earlier, in 1850, Bodmer, the hydraulic 
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the centrifugal pump had been introduced, 
found its field and was already well in 
the. lead. Edwards and Brown had im- 
proved the Bodmer valveless air pump in 
England and Germany, where it had long 
been known and it had been introduced 
into the United States. Brown had im- 
proved the horizontal valveless air pump 
and its use had spread both to England 
and the United States, where it has been 
known as the Bailey pump. The hori- 
zontal direct-acting pumps of the Blake, 
Knowles or Warren types had been de- 
veloped and made considerable progress 
in displacing the single-acting bucket type 
for surface condensing work. 
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AIR AND CIRCULATING PUMP 
engineer, had invented his single-acting 
valveless air pump, but it had not been 
largely used. The writer has as yet been 
unable to find when the horizontal double- 
acting valveless pump appeared, but it 
certainly was in use before this period in 
some few installations. 

Such was the surface condenser in 1870. 
Such it was in 1900 except for small 
changes in constructive details. The con- 
denser auxiliaries, however, had been ma- 
terially improved. For circulating service 
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Tue ADVENT OF THE TURBINE 
With the new century came the intro- 
duction of the turbine in large 
sizes and a consequent demand for larger, 


steam 


better and more efficient condensing appa- 
ratus. Theoretically the increasing of the 
vacuum from 24 to 28 inches should de- 
crease the steam consumption by about 
15 per cent. With most types of turbine 
this theoretical increase is very nearly ob- 
tained and justifies the importance at- 
tached to high vacuums in steam-turbine 
work. With the reciprocating engine an 
attempt to approximate this saving would 
necessitate cylinder ratios greatly in ex- 
cess of anything that has been employed, 
with the attendant initial condensation 
and friction losses. The attempt to util- 
ize a vacuum better than 26 inches on re- 
ciprocating-engine work has always re- 
sulted in no increase of commercial econ- 


omy. 
As the larger steam turbines were 
installed in electric-generating stations 


where the necessity for economy is al- 
ways preéminent, most of the condenser 
manufacturers approached the problem 
in the same way, i.e.,-by an increase of 
surface, and then, not finding this suffi- 
cient, they had recourse to the dry-air 
pump which had been developed for the 
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vacuum pan and triple effect in the sugar 
industry and later had been applied to 
the barometric type of jet condenser. The 
importance of the entrained air together 
with the additional air gaining access to 
the condenser through leaks in the shell 
and exhaust system, began to be under- 
stood and its effect on the efficiency of the 
condensing surfaces has been studied by 
many investigators. The difficulties of 
a few years ago may be better appreciated 
now that it is known that with a 5000- 
horsepower condenser, a hole of 1/32 inch 
diameter through the shell has quite a se- 
tous effect on a 28-inch vacuum. 


OVERCOMING CLEARANCE IN AIR PUMP 

The original dry-air pump was an air 
compressor with a rather large compres- 
sion ratio. These pumps worked very 
wel' with compression ratios up to about 
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FIG. II. STANDARD MARINE AIR PUMP 


seven, but the clearance must be small. 
With higher vacuums than 26 inches the 
clearance becomes troublesome, and Weiss 
improved the pump by the expedient of 
bringing both ends of the cylinder into 
communication at the end of the stroke 
at the moment of valve closing. This 
allowed the air at atmospheric pressure in 
the clearance space to expand into a full 
cylinder of the air at condenser pressure, 
but shut off from the condenser, thus 
saving a portion of it and increasing the 
efficiency of the pump by that amount. 
By means of this expedient the pump will 
maintain a vacuum on a closed shell with- 
in 0.3 inch of the barometer without diffi- 
culty. 

A second way of doing the same thing 
is by compounding, using a very low com- 
pression ratio in the first stage and per- 
forming the remainder of the compression 
to atmosphere with a larger compression 
ratio in the second stage. This method 
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has not been used as much as the Weiss 
pump, but is equally as good except for 
the complication of the second cylinder 
with its stuffing boxes and the additional 
chance of air leakage. 


WET-AIR PuMP 
Of the pumps for handling both air 
and water, the Bodmer pump has been 
very successful in the hands of the Amer- 
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of the ejector, entraining the air between 
the water laminations as they pass into 
the ejector. Very good results are claimed 
for this pump. The Parsons augmenter 
consists of a steam ejector which pulls the 
air from the main condenser by the aid 
of a steam jet, passes it through an 
auxiliary condenser to condense the steam, 
and the mixture of water and vapor at 
perhaps twice or three times the absolute 
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ican owners of the Edwards patents, and 
remarkably good results have been ob- 
tained by its use. This Bodmer pump 
has also been materially improved by the 
addition of a set of valves allowing the 
air to enter above the piston on its down 
stroke. This improvement has also been 
introduced in the Brown pump by Josse 
in Germany, and the horizontal Bailey 
pump in America has been adapted to the 
more efficient work made necessary by 
the higher vacuums; Tosi in Italy has also 
improved the valveless pump. 

Another type of air pump for use with 
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surface condensers is the Le Blanc pump. 
In this pump the air is removed by the 
action of a jet of water in an ejector, a 
device somewhat similar to the 
vacuum augmenter. 
consists of an 


Parsons 
The Le Blane pump 
ejector of suitable size 
furnished with a partial-admission cen- 
trifugal pump similar to a reversed Gir- 
ard turbine. The pump blades throw 
successive layers of water into the diffuser 
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HOLLIS WET-AIR PUMP 


pressure of the main condenser is then re- 
moved by an ordinary wet-air pump. 

It had been observed that the vacuum 
fluctuated with the strokes of the air 
pump, and that this was more marked in 
those condensers, mainly of the counter- 
current type, in which the temperature of 
the hotwell water approached that due 
to the vacuum. Some condenser manu- 
facturers correct this fluctuation by the 
addition of a dam or weir around the 
hotwell pipe, causing the flooding of the 
lower rows of tubes, thus insuring the 
cooling of the condensed steam below the 
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13. BAILEY WET-AIR PUMP 


vaporization point. Increasing the number 
of wet-air pumps to two or three of small- 
er size has also the same effect and has 
been largely used, but the most efficient 
and popular expedient is to use a centrifu- 
gal wet-air pump. These pumps are small 
in size, cheap in first cost even when made 
of bronze, and have been very successful 
when properly designed and installed. The 
double-stage pumps were most successful 
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at first, but, as the conditions for success- 
ful operation were better understood, the 
single-stage pump came into use and is 
equally satisfactory. 

For success three conditions must be 
observed: the pump must be below the 
bottom of the condenser (no suction lift), 
the pump and hotwell pipe must contain 
no pockets for the collection of vapor, 
and the pump must always be submerged. 
With these precautions an even water line 
may be preserved in the condenser or 
hotwell at all loads within the capacity 
of the pump. 
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SMALL STEAM TURBINES TO DRIVE 
AUXILIARIES 

Condenser auxiliaries for turbine work 
are always independently driven by en- 
gine, motor or steam turbine. Motor 
drives are not as common as formerly, 
and the excessive upkeep on high-speed 
engines is a drawback to their use. The 
small steam turbine has made a place for 
itself in this field and, as_ centrifugal- 
pump manufacturers have met the exi- 
gencies of the occasion by the develop- 
ment of pumps suited to turbine speeds, 
many of the later installations are pro- 
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MULLAN’S SUCTION VALVELESS AIR PUMP 
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vided with turbine drives for the circulat- 
ing and hotwell pumps. The Le Blanc 
dry-vacuum pump so far is the only pump 
for this service susceptible to a turbine 
drive, but without doubt others will be 
developed to meet the demand. 


Factors INFLUENCING SURFACE EFFICIENCY 

Notwithstanding the rapid and great 
improvement in condenser auxiliaries, the 
efficiency of the itself was 
still quite low. The tendency was to in- 
crease the tube surface in the hope of 
getting a better vacuum. Since Rankine’s 
time it had been known that 4o to 50 
pounds of steam may be condensed per 


condenser 
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FIG. 16. ALLIS-CHALMERS BODMER PUMP 
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hour per square foot of surface under 
condenser conditions, if proper arrange- 
ments are made, and in the face of this 
fact six pounds per hour was considered 
good practice with eight as a maximum. 
Purchasers were also in error in that 
they frequently specified the surface they 
required instead of the work to be done. 
In 1900 there were almost no condensers 
in which the heat-transmission coefficient 
U (B.t.u. transmitted per square foot per 
degree difference per hour) exceeded 300. 
In 1904 there were very few in which it 
reached 400. 

The increasing difficulties and cost of 
maintenance of condenser tubes made the 
question of efficiency a subject of the 
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FIG. 17. MULLAN’S VERTICAL AIR PUMP 


first importance. A  6000-horsepower 
engine usually had a condenser with about 
gooo feet of tube surface and carried a 
vacuum of 26 inches. As these large in- 
stallations are nearly always near the 
seacoast and use salt water for condens- 
ing, the deterioration of condenser tubes 
and consequent replacement, although a 
serious matter, was not a very costly 
one. The leakage of salt water into the 
condenser was not troublesome, as_ the 
condensed steam contained oil and was 
thrown away. But a_ 10,000-horsepower 
turbine with 25,000 square feet of tube 
surface was a more serious affair, particu- 
larly as 28 inches, or greater, vacuum 
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must be carried with practically no leak- 
age and the condensed water used for 
feed, this necessitating a much more fre- 
quent replacement of tubes. At the pres- 
ent time three years may be taken as the 
average life of condenser tubes, and in 
the condenser quoted above, about 8000 
square feet of tube surface would be re- 
placed every year. Such a condenser 
might have, say, 6000 tubes, and as Sunday 
is the only available time for maintenance 
work of this kind, an average of 40 tubes 
would have to be replaced each week 
when the water boxes were opened for 
cleaning. The question of tube deteriora- 
tion has been investigated many times and 
the action proved to be chemical or elec- 
trochemical, but no satisfactory remedy 
has been found. Alloys approximating 
the “Admiralty” mixture of 70 parts 
copper, 29 parts zinc and 1 part tin, have 
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refuse; third, flooding of the lower rows 
of tubes with the water of condensation; 
fourth, the accumulation of air in the 
condenser drowning those tubes with 
which it is in contact. The second and 
third factors may be corrected by the de- 
signer, the first will not obtain if there 
is no oil in the exhaust steam, and the 
fourth concerns both the designer and 
builder. Careful workmanship and erec- 
tion will reduce the air leakage to mini- 
mum limits and modifications of design 
have solved the air problem satisfactorily. 

Among the most successful of these 
methods are the results of the experi- 
ments of Weighton and Morison which 
are illustrated herewith. The condenser 
has a circular or rectangular tube plate, 
the shell containing baffle or drainage 
plates which carry the condensed steam 
to the shell as quickly as possible and at 
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been most successful when salt water is 
used for cooling. 

These considerations have led to the 
investigation of surface efficiency, and 
many noteworthy experiments have been 
made leading to the increasing of heat 
transmission by a better distribution of 
the steam to the tube surface, a more 
rapid rate of flow of the condensing water 
and a more complete removal of the en- 
trained air. R 

Maximum surface efficiency should oc- 
cur when the tube surface is open in the 
most free and unrestrained fashion to 
the access of steam on the one side and 
the cooling water on the other. The 
factors influencing this freedom of access 
are, first, oily or greasy deposits on the 
steam side of the tubes; second, the chok- 
ing of the water passages through the 
tubes with dirt, paper, straw or other 
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the same time control the direction of 
steam flow. The condensed steam is not 
allowed to collect on the tubes nor flow 
over more than a few rows before being 
led to the inner surface of the shell. 

At the bottom of the condenser where 
the air must accumulate, a nest of tubes 
is set apart as a water cooler, the water 
level on the steam side of the tubes being 
held constant by a “dam” similar to that 
illustrated. The hotwell water is removed 
by an’ Edwards pump whose suction is 
taken off just above the lowest baffle plate 
or partition, and as the temperature of 
this hotwell water is very close to the 
vacuum temperature, the pump handles 
very little air. As the water collects in 
the lowest tube bank, it is cooled below 
the vacuum temperature and cools the air 
in contact with it. Another larger pump 
exhausts the cool air from this chamber 
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and also the excess water which flows 
into the pump suction over the dam. The 
discharge of the second pump is into a 
hotwell provided with a float actuating 
two valves, one of which allows a portion 
of the water to return to the cooling 
chamber; the other is connected to the 
inlet steam nozzle of the condenser and 
allows the excess to go through the con- 
denser again, where it is warmed to the 
vacuum temperature and removed by the 
hotwell pump. A triplex Edwards pump 
is generally used, one cylinder acting as 
the hotwell pump and the other two as 
the air pump. It should be noted that the 
principle is similar to that of the Parsons 
vacuum augmenter, the auxiliary con- 
denser being in the main shell and the 
lower temperature cooling the air to the 
proper point. 

The draining of the condensed steam 
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denser, usually taken as 625 feet per 
second, 
V.. = Velocity of the cooling water in 


the condenser tubes. 

The formula was taken from Hausbrand 
with modified constants to suit the results 
of the experiments, and quite a number 
of condensers have been designed on this 
basis. In service they have proved suc- 
cessful, showing heat transferences about 
as given by the formula. 

The experiments of Professor Josse, 
published February 2, 1909, show even 
better results, and it may be that the con- 
stant 17 should be 20 or possibly 25. A 
chart adding Josse’s curves to mine may 
be found on page 418, March 2, 1909, 
number of Power AND THE ENGINEER. 

The “dry-tube” condensers shown 
the accompanying illustrations are ex- 
amples of the best modern design, and 
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FIG. 20. THE ALLEN WEIR 


from the condensing surface has been a 
most successful way of improving the 
heat transformer, and many of the later 
condensers have been designed with this 
in view. 


In. the August 11, 1908, number of 
Power AND THE ENGINEER, the writer 
summarized in brief the experimental 


work which had been done in the line of 
improving the surface condenser. The dia- 
gram showing heat transference under 
varying conditions gave the work of six 
investigators, and with these curves an- 
other was plotted from the formula, 





U=17 \ V, V 0.023-++ Vu, 
where 


V, 


Velocity of steam in the con- 
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it is not too much to say that a value of 
U exceeding 800 may be obtained by 
good design with vacuums of 28 inches. 
It should be remarked that condensers 
seldom are tested to the limit of steam 
condensation, and the loss of vacuum is 
usually due to imperfect hotwell or dry- 
air pump arrangements, air leaks in the 
exhaust system, lack of sufficient con- 
densing water, condensing water of too 
high a temperature, or to failures of the 
circulating system due to dirt or rubbish 
accumulating in the tubes. 


CONDENSER DESIGN 


In designing a condenser the following 
details should be remembered: 


EXHAUST-STEAM SYSTEM 

The exhaust nozzle should be such a 
size that the steam velocity, computed up- 
on the full weight at the volume due to 
the condenser pressure, should be around 
600 to 700 feet per second. 

The exhaust steam should enter from 
the top of the shell. 

The shell should not be more than twice 
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as long as the mouth of the exhaust noz- 
zle where it enters the shell. 

Sufficient steam space should be 
vided above the tubes to insure the en- 
trance of the the tubes 


throughout the whole length of the con- 


pro- 


steam between 
denser. 

Steam passages should 
down through the body of the tubes so 
that foot of 
be exposed to the steam flow. 


be provided 


every square surface may 
Sufficient draining arrangements are re- 
a film of water remain- 
ing around each tube. 

A portion of the tubes near the hotwell 
and at the end of the steam travel should 


be protected from the water of conden- 


quired to prevent 


sation so that they may act as an air 
cooler. 

A hotwell should be provided with a 
surface half as large as the exhaust noz- 
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FIG. 21. WEIGHTON’S CONDENSER 
zle area. The depth of this hotwell is not 
important, but should be at least 18 inches. 

The dry-air connection should be taken 
off about 3 feet above the hotwell water 
level, although 18 inches is usually suc- 
cessful. 

The hotwell pump should be placed as 
close to the hotwell as possible with a 
direct connection and at least 3 feet be- 
low the hotwell water level. 


WATER CIRCULATING SYSTEM 


Water should enter the condenser at the 
bottom and leave at the top. The lower 
edge of the discharge nozzle should. be 
higher than the top of the upper line of 
tubes to insure that the tubes will be full 
of water at all times. The circulating 
pump suction pipe should be large enough 
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so that at maximum output the water 
velocity shall not exceed 10 feet per sec- 
ond and about 8 feet per second at nor- 
mal output. The connection to the water 
box may be smaller and allow a flow of, 
say, 14 feet per second for maximum 
velocity. 

Tubes may be of 1 inch outside diam- 
eter, never smaller in the neighborhood 
of large cities with salt water for cooling. 
With good clean water, fresh or salt, 
3%4- and’ %-inch tubes may be economical. 
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water while properly holding the 
tubes. 

The discharge pipe should be small 
enough to run full even when vertical, 
with 15 feet per second as maximum 
velocity. 

A connection should be provided be- 
tween the water box and the steam space 


and fitted with a valve so that the pump 


_may be primed by the dry-vacuum pump. 


CONDENSER SHELL 
The shell should be tested by filling 
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FIG, 22. 
Tubes larger than 1 inch are rarely eco- 
nomical. Water velocities in the tubes 
should always exceed 4 feet per second, 
with 8 or 9 feet per second as a maximum. 
The length of tube and the number of 
water passes should be determined for 
each case from theoretical considerations. 

Tube glands should be of such form as 
to add little obstruction to the flow of 
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with water under a head of 30 feet above 
the top. 

The shell should be strong enough to 
stand a collapsing pressure of 10 pounds 
gage. 

When in place the tubes should slope 
toward the pump end _ sufficiently to 
drain the tubes, and a %-inch hole should 
be drilled in each water-box partition so 
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that the water passage may be dry when 
not in use. 


GAGES AND THERMOMETERS 


A final word may not be amiss regard- 
ing gages and thermometers. Vacuum 
gages of the Bourdon variety are noto- 
riously erratic. Use a good mercury col- 
umn of full length. A good thermometer 
with a deep-winged well carried into the 
center of the exhaust nozzle, with a mer- 
cury column properly connected so as not 
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FIG. 24. WORTHINGTON IMPROVED TUBE PLATE 


to add the steam velocity head to the 
vacuum, will be the best index of the air 
leaks. Thermometers should also be placed 
in the circulating suction and discharge 
pipes, in the hotwell and the dry-air suc- 
tion, and a second mercury column on the 
hotwell. With these instruments a very 
good idea may be obtained of what is 
going on inside the condenser. 
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A High-Pressure Turbine Opera- 
ting at 30 Pounds Gage 





It is not very often that a high-pressure 
turbine is required to operate at 30 
pounds’ gage. This pressure, or slightly 
higher, is commonly used for ferry and 
river boats, and the “Robert Fulton,” 
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trolled by a lever throttle valve at some 
distance from the turbine. 
The construction of the turbine is shown 


to better advantage in Fig. 2, a sectional . 


view showing the usual design, which is 
of the Reidler-Stumpf type. The jets of 
steam from the nozzles impinge tangential- 
ly on the buckets of the runner, and the 


steam is reversed by stationary guide 

















FIG. I. TURBO PUMPING OUTFIT FOR THE “ROBERT FULTON” 


one of the new boats now being built for 
the Albany Day Line, is no exception to 
the rule. All machinery must, of course, 
be adapted to this pressure, and when it 
came to installing a ballast pump, the unit 
shown in Fig. I was chosen, This con- 
sists of a Terry turbine, of the same gen- 
eral design as the high-pressure machines,, 
direct-connected to a 6-inch Alberger vo- 
lute pump running at a speed of 1800 
revolutions per minute. The duty of the 
outfit is to pump water from the river 
to either one of two ballast tanks of 
about 10,000 gallons capacity located on 
either side of the vessel. 

When landing, passengers all move to 
one side of the vessel, and to keep an even 
keel, it is necessary to pump water in the 
ballast tank on the opposite side from the 
dock. This, of course, requires a large 
amount of water in a short period of 
time, and the pumping unit illustrated is 
guaranteed to deliver 1000 gallons of 
water per minute against a 25-foot head, 
with the steam pressure as low as 21 
pounds. Its range of operation is be- 
tween 20 and 35 pounds gage. It is further 
guaranteed that after standing an hour, 
the turbine will clear itself of water and 
the g-inch exhaust pipe rising to a hight 
of 9 feet and will be running at full 
speed at a time not exceeding 30 seconds 
after the throttle is opened, and this with- 
out opening any drains to remove the 
condensation. The outfit is located in an 
inaccessible place in the hold and is con- 
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case. With this subdivision of the process 
of abstracting the energy of the steam, 
the peripheral velocity of the runner may 
be kept down to reasonable limits and in 
the present case, with a speed of 1800 
revolutions per minute and a single run- 
ner 2 feet in diameter, amounts to less 
than 200 feet per second. 

With such a low steam pressure and a 
corresponding velocity of the steam, due 
to the less expansion, it was necessary to 
use a turbine which would ordinarily be 
rated at about 30 horsepower, and in- 
stead of using two nozzles, which is the 
number usually provided for this size, 
the turbine was equipped with four noz- 
zles; the throat of the nozzle was also 
enlarged, and its shape changed to suit 
the conditions. These were the only 
changes necessary, and the turbine under 
existing conditions is capable of develop- 
ing about 12 horsepower. 

Before landing, it is usual to run the 
pump for about 8 minutes, which would 
mean 8000 gallons of water or over 66,- 
000 pounds, and would be equivalent to 
the weight of nearly 500 passengers. The 
engineer, with his hand on the lever con- 
trolling the throttle valve, watches the 
telltale showing the list of the vessel, and 
to keep an even keel starts or stops the 
turbine as required. 

On the “Hendrick Hudson,” a boat of 
the same line, a similar outfit is installed, 
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FIG. 2. SECTION THROUGH TERRY TURBINE 


buckets to be several times redirected 
upon the buckets of the same runner. 
The stationary buckets are inserted in the 
casing of the turbine in groups of four, 
and each group is supplied by a divergent 
nozzle, designed for a complete expansion 
of the steam between the initial pressure 
and the pressure of the medium in the 


with the exception that the turbine oper- 
ates on a steam pressure of 100 pounds. 
It is claimed to be giving the best of sat- 
isfaction, and as soon as the present in- 
stallation is complete and in working 
order, it will be of interest to note its per- 
formance on a pressure as low as 30 
pounds gage. 
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Supernatural Visitation of James 
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Watt 


How He Worked Out the Secret of Running an Engine Condensing; 
His Claim to Be the Father of the Rotary Engine Idea Substantiated 
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I have been considerably gratified by 
the recent publicity given the wonderful 
achievement of a photographer who suc- 
ceeded in photographing a spirit from 
the other world. The photograph was 
published in a number of the leading 
papers of the country and, although the 
likeness resembled a potato, it is proof 
to some of us that spirits do surround us. 
I mention this merely to point out to 
those who are still skeptical regarding 
James Watt's visits to me that others 
have received supernatural visitations. 

My third visit from James Watt was 
during one of the coldest nights last 
winter. I had settled down for a con- 
fortable evening with my books and, 
under the soothing influences of a “Per- 
fecto” was rapidly forgetting the weari- 
ness of the day’s toil. After a while 
I became drowsy; the  half-consumed 
cigar fell from my fingers and I slept. 
How long I slept I know not, neither 
does it matter. When I awoke, it was 
with a start, as if my slumbers had been 
disturbed by some unusual noise. The 
room had grown icy and I could hear 
the house crack with the extreme cold. 
Other than this, not a sound broke the 
stillness of the night, except the oc- 
casional moaning of the wind as it was 
caught in an angle of the house and 
then whirled away. 

Suddenly the silence was broken by 
a sound, as if the furnace door of the 
heating boiler in the basement had been 
opened forcibly, followed by the shak- 
ing of the grate, the unmistakable rat- 
tle of a shovel in the coal bin and the 
clanging of the furnace door, as it was 
slammed to. I listened in amazement. 
What could it be? Surely nothing mor- 
tal, for the doors and windows had been 
locked for hours. And certainly not a 
spirit, for a spirit would care little for 
fire or heat. What, then? 

As I remained motionless in my 
wonderment, the basement door creaked 
on its the click of the latch 
sounded and all was quiet again. As 
I arose to investigate, the portieres parted 
and James Watt stood before me, his 
phantom figure standing out against the 
curtain background. We shook hands, 
and with a sigh of intense relief I said: 

“What in this world or the other pos- 
sessed you to fire up that boiler?” 

“Well,” replied James, as he: removed 
his mittens from his bony hands and care- 
fully put them in his coat pocket, “from 


hinges, 
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the feeling of this room the fire required 
attention. You make me think of that 
poem I wrote some years ago, ‘Asleep 
at His Post,’ or something like that. 
That is a strange kind of coal you use,” 
went on James, as he removed his low- 
cut shoes and placed his transparent feet 
against the radiator; “has it been frozen, 
or what?” 

“Oh no,” I replied with a laugh. “That 
is a kind of coal known as anthracite. 
It is used extensively in the eastern 
States, burns without smoke and gives 
off considerable gas, which burns with 
a blue flame, something like brimstone.” 

“Ah!” said James, half to himself, “I 
knew there was something familiar about 
it—blue flame, brimstone—why, yes, of 
course.” 

As James thus soliquized he took a 
cigar and then remarked: 

“This is the kind of a night no honest 
man should be abroad;” and he lit his 
cigar and began smoking in a manner 
that would put even the infernal regions 
to shame, I thought; “but I got lonesome, 
and having got into another circle, where 
I have greater liberty, I decided to come 
and talk with a fellow craftsman for a 
while.” 


James looked discontentedly at the 
table, on which reposed nothing but 
a few books, and rolled his tongue 


as if his lips were dry. 

“Not tonight,” said I. 

James began to sulk. 

“You had too much the last time you 
were here,” I continued. “Tell me about 
your first attempt at running a condensing 
engine.” . 

“All right,” responded James, at once 
brightening up, and saying confidentially : 

“IT was kind of soused wasn’t I? 

“My first condensing engine, as I told 
you at my last visit, was one of old 
Newk’s model. Now, as you know, his 
idea wasn’t worth a frozen tinker when 
applied as he had it. The idea of con- 
densing the steam was all right, but it 
required a head to work the problem out 
so as to apply it to practical purposes. 
That is the way with a good many things 
nowadays, I fancy,” and James nodded 
in a self-complacent manner as if he had 
a notion he could set a good many wrong 
ideas right if he only had the oppor- 
tunity. . As T thought of his achievements 
T felt that such a possibility would not 
be at all unlikely. Seeing that James was 
apt to become absorbed in meditation, I 
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cleared my throat in order to attract his. 
attention, whereupon he continued: 

“Of course, you know that it was the 
hight of nonsense to put steam into an 
engine cylinder, turn in cold water and 
expect to get any economy. In those days 
we hadn’t paid much attention to the con- 
servation of natural resources, which you 
Americans seem to be making so much 
ado about. But I could see that if steam 
engines were to be a success, a different 
means of condensing the steam would 
have to be utilized.” 

“Not a very brainy conclusion,” I 
said, just to “egg” James on; “but any- 
one could see that the idea was not 
brought out by Newcomen’s method of 
condensing.” 

At this James straightened up with a 
gasp of surprise. “Brainy!” he roared, 
in his hollow grave-like tones; “Brainy! 
why, man, you may not think so, now 
that the problem of condensing steam 
has been solved. You just stop and think 
a moment and see if it wasn’t brainy. 
Think of all the great engineers who have 
followed me; each and every one with 
the best of machinery and every facility 
for doing good work. And what do you 
see? What do you see?” 

In his excitement James arose from his 

chair and cut the air with his fleshless 
“arms, as he emphasized each word. His 
gumless teeth clicked together and a 
blue smoke that smelled like burning 
brimstone issued from his nostrils. The 
‘violence of James’ resentment to my re- 
marks regarding his thinking power 
alarmed me so much that I feared he 
might burst a blood vessel. Therefore, 
I assured James I had no intention of 
belittling his intelligence, but merely 
wanted to stir him up a little. 

“Well,” grumbled James in a mollified 
tone, “don’t do it again. I am touchy 
about such things. The condenser has 
been improved somewhat since my day, 
but the idea is there, and if my patent 
hadn’t run out I would prosecute every 
mother’s son who is using the idea.” 

“That wouldn’t do you any good,” I 
replied; “it takes money to carry on a 
lawsuit. It wouldn’t matter so much 
whether you were in the right or wrong, 
the party having the best lawyer would 
get the decision in the end.” 

“Yes, I know you are right,” responded 
James. “I met some lawyers the other 


day, who were rather sociable chaps and 
told me considerable about the ways of 
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making others believe that black was 
white, and that when you did, you didn’t. 
St. Peter was for giving them.a pass to 
the darker regions, but they began to 
argue the case in their peculiar jargon 
that nobody understood, and in 
than half an hour had St. Peter so be- 
fuddled that he admitted it would take 
at least thirty years to decide their case. 
Then, I suppose, they will appeal his de- 
cision if it goes against them. If I had 
had such lawyers when I needed them, 


less 
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I finally came to the conculsion that I 
would about hit the nail on the head 
if I made a separate vessel and let the 
exhaust steam enter that to be condensed. 
I planned the thing out and had the 


con- 
denser made according to my ideas. The 
first or second trial did not bring suc- 


cess, however; but I finally got the mat- 
fer fixed so that the condenser was under 
the engine cylinder, with a very short 
connection between the two.” 

“What kind of a condenser did you first 
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from the tank, which was supplied by 
means of a pump connected with the beam 
of the engine. The condensed steam, in- 
jection water and air were removed from 
the condenser, through a foot valve, by 
means of an air pump and delivered to 
a hotwell. <A boiler-feed pump was piped 
to the hotwell and the water fed to the 
boiler. I calculate things haven't changed 
much since then, from what I can learn 
from new arrivals in our circle.” 

I was forced to admit that the idea of 
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THE SILENCE WAS BROKEN BY THE UNMISTAKABLE RATTLE 


I should have had money enough to in- 
vent things that would have made your 
engineers of today sit up and take notice.” 

“I don’t doubt it,” I replied in as con- 
ciliatory a tone as I could, as I saw the 
hair on James’ head begin to rise. “It 
has always been a matter of wonder- 
ment to me how you carried out your 
many ideas in the manner you did. But 
go on about your condenser.” 

“Well,” went on James, “I used to 
take my pipe and go out to some quiet 
place and sit down and smoke and think. 


experiment with,” I asked as I passed the 
cigars, a jet or surface?” 

“Well, it was both; only it wasn’t and 
it was. You see, I submerged the con- 
denser body in a tank of water, so in a 
sense it was a surface condenser, seeing 
that the entire surface was acted on 
by the water surrounding it. Just how 
much steam was condensed by this means, 
I cannot say. The main feature of the 
condenser, however, was the jet, which 
condensed the greater portion of the 
steam. This jet was supplied with water 


OF THE COAL SHOVEL AND THE CLANG OF THE FURNACE DOOR 


Watt had not changed materially, but did 
not say so, for James seemed to be de- 
veloping a bump of self-admiration which 
was not doing him the least particle of 
good. Therefore, I said: 

“Why, the condenser found in use to- 
day has no more resemblance to your 
condenser than the infernal regions has 
to a street car. now 
made, not only with the aim of condensing 
the exhaust steam, but of maintaining a 
vacuum of not less than 26 inches for 
reciprocating engines and as high as pos- 


Condensers are 
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sible with steam turbines. Now, your 
condenser would be about as much use to 
a turbine as a dead skunk would be to a 
perfume manufacturer.” 

James did not like the observation, as 
I could see by the darkening brow and 
the way he bit his lip. But he mastered 
his feelings and said, in as natural a tone 
as possible: 

“What do you mean by turbines? Is it 
a rotary engine? If that is what you 
are talking about, I want to tell you that 
I had a hand in that kind of a prime 
mover myself.” 

“You did!” I exclaimed in amazement, 
for James spoke seriously, and this was 
an assertion entirely out of the beaten 
path of claims for Watt. 

“You can bet I did,’ was the emphatic 
reply. “I was going to apply the idea 
to my fire engine, making the connections 
to the rear wheels, but concluded I was 
altogether too far ahead of my time; and 
so I let it drop. Another reason was 
that the machine shops could not do the 
proper kind of work necessary for rotary 


engines. If they could, I would have had 
automobiles running over and_ killing 


people years ago.” 

I was fast learning that James made 
a grab for everything that belonged to 
him, but when it came to claiming to be 
the real originator of the automobile I 
concluded that it was about time to call 
him to account. Therefore, I said: 

“Why, you can’t lay claim to inventing 
the automobile, as well as rotary engines. 
Suppose you did, how did you arrange 
matters so as to regulate the speed of the 
machine ?” 

“The easiest thing in the world,” re- 
plied Watt. “I designed the kind of in- 
terlocking gearing from the two different 
axles, so as to make the machine go 
fast or slow as I wanted it to. I did 
this by regulating the power applied to the 
shaft. That is about what they do today 
isn’t it?” asked James, with a slight sneer 
on his ghostly features. 

For some time I sat meditating upon 
the wonderful ability of Watt in the flesh, 
then, turning to ask a question, I found 
that I was alone once more. 





Yasuzo Wadagaki, a Japanese engineer, 
read before the Northeast Coast Institu- 
tion of Engineers and Ship Builders at 
Newcastle-upon-Tyne, recently, a paper on 
the “Adaptation of Steam Turbines for 
the Propulsion of Vessels of Moderate 
Speeds,” in which he proposed two start- 
ling methods: (1) The putting of the 
propeller in the throat of a tube flaring 
in both directions so that the water at 
the throat would have a greater velocity 
relative to that of the ship and allow a 
faster running propeller to be used with 
efficiency, and (2) the use of a low-pres- 
sure turbine to compress the steam to 
a higher initial pressure and temperature 
before passing to the main engine. 
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Catechism of Electricity 


TypicAL Forms or Drrect-CuRRENT 
GENERATORS 


1058. Are bipolar direct-current gen- 
erators manufactured now? 

Yes; they are still being manufactured 
for small outputs. For outputs much above 
two kilowatts, multipolar generators have 
replaced them. 

1059. Jllustrate and describe a bipolar 
generator as now manufactured. 

Fig. 290 shows a belt-driven bipolar ma- 
chine which is made in capacities from 
34 to 13% kilowatts and wound to give 
125 or 250 volts. The frame and magnet 
poles are cast in a single piece of gray 
iron, Fig. 291 shows the separate parts 
of the machine. The bearings are sup- 
ported by arms ¢, ¢, etc., cast solid with 
the frame. The arms terminate in rings 
m, that are bored out at the same time 
and to the same diameter as the field- 
magnet poles 2 and s in order to provide 
seats for the circular bearing housings D- 
The armature ¢ can be taken out by re- 
moving the four bolts which hold the 
rear housing. The circular bearing hous- 
ings can be rotated to keep the oil wells 
under the bearings when the machine is 
mounted on a wall or ceiling. 

The bearings are of the self-oiling ring 
type. Oil brought up from the wells by 
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and are held in place on the poles by 
clamping pieces. 

The armature is of the drum type with 
slots to take winding, which is held in 
the slots by fiber wedges and by wire 
bands over the projecting end of the 
coils; no bands are used over the cores. 
The core laminations are punched from 
thin sheet steel and are assembled direct- 
ly on the shaft and clamped between stiff 

















FIG. 290. WESTINGHOUSE BIPOLAR GENERATOR 
end plates, one resting against a shoulder 
on the shaft and the other held by a nut 
on the shaft. 

The commutator is made of hard-drawn 
copper bars separated by insulating strips 
of mica. The bars and insulation 
assembled on bushings and clamped _ be- 
tween V-shaped rings, from which it is 


are 
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FIG. 201. 
the rings is distributed by oil grooves to 
every part of the bearing. Covered open- 
ings are provided in the sides of the 
housings for inspecting the bearings and 
refilling the oil wells. 

The field-magnet coils 4 and / are com- 
posed of cotton-covered wire, machine- 
wound on forms and then impregnated 
with insulating compound. They are pro- 
tected by several layers of heavy tape 


PARTS OF THE BIPOLAR GENERATOR SHOWN IN FIG. 290 


insulated by mica; the clamping rings are 
set up after the commutator has been 
heated to a high temperature and while 
it is still hot, so as to hold every bar 
firmly in place. The complete commutator 
is pressed onto the shaft and pinned. 
The commutator leads are protected by 
tough canvas and_ the 
are soldered into slotted projections on 
the bars. 


coverings ends 
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The rods on which the brush holders 
are clamped are supported by cast-iron 
rocker rings which are held rigidly against 
a machined surface on the front bearing 
bracket by set screws. The brush holders 
y are of the simple box type and the 
brushes are carbon blocks pressed radial- 
ly against the commutator by flat spiral 
springs. The terminal wires are brought 

















FIG. 292. WESTINGHOUSE MULTIPOLAR GEN- 


- ERATOR 


to binding posts o and v on the two lower 
arms supporting the front bearing. 

1060. Sow a multipolar machine of 
the same type shown in Fig. 290. 

A four-pole generator for outputs from 
2 to 7% kilowatts at 125 or 250 volts is 
shown in Figs. 292 and 293, the former 
illustration showing the machine as- 
sembled and the latter the separate parts. 
The magnet poles are cast with the frame 
and the field-magnet coils fastened to 
them as in the bipolar machine. The bear- 
ing brackets a and ¢ are separate cast- 
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of being mounted on the shaft, is pressed 
on an extension of the armature spider 
and keyed to it. The rocker ring s is 
clamped over a machined seat on the in- 
side of the front bearing bracket so that 
the brushes can be moved around the 
commutator. 

The terminal wires ¢ and » are brought 
out through an insulating bushing o in 
the side of the frame. As shown at h, 
a bedplate, equipped with belt-tension ad- 
justing screws | and ¢, is supplied with 
the generator. 


The Gas Engine in Blast Furnace 


Practice 





By Georce A. Orrok 





The modern American blast furnace is 
the most perfect gas producer. These 
furnaces are 100 feet high from the 
hearth to the stack line, 17 feet in internal 
diameter at the top, 24 feet in diameter at 
the base, with a hearth 10 feet high by 
14 feet in diameter, the volume being 
about 25,000 cubic feet. Such a blast fur- 
nace, when running well, produces about 
600 tons of pig iron each twenty-four 
hours and uses 1100 tons of 
iron ore, 500 tons of coke, 200 tons of 
limestone and over 2000 tons of air. The 
gases discharged from the furnace amount 
to more than 3000 tons per day, or about 
4,000,000 cubic feet per hour. About 30 
per cent. of this gas is used in the hot 
stoves to heat the blast, 714 per cent. iss 
burned under the boilers to make the 
steam needed around the plant and about 
2% per cent. is used in the washers and 


58-per cent. 

















FIG. 203. 


ings and are held to the frame by four 
equally spaced bolts. The armature m is 
built up in much the same way as be- 
fore, but the stampings forming the core, 
being larger, are keyed to the shaft; ven- 
tilating ducts in the core and openings 
through the spider afford paths for cool- 
ing air currents. The armature coils are 
wound and shaped before being placed 


in the slots and the commutator, instead 


PARTS OF THE MULTIPOLAR 


GENERATOR SHOWN IN FIG. 292 
scrubbers, leaving 60 per cent., or 2,400,000 
cubic feet per hour, available for power 
purposes. The gas-driven blowing 
gines use about 15 per cent. more, leaving 
1,800,000 cubic feet hour available 
for the electric-generating plant. Assum- 
ing the gas to contain 80 B.t.u. per cubic 
foot and that 10,000 B.t.u. are required per 
horsepower, over 14,000 horsepower may 
be secured from the electric plant. 


en- 


per 
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A 3000-Horsepower Gas Engine 
Pumping Station to be In- 
stalled for Fire Service 
in Philadelphia 





By J. R. Bispins 





During March an important contract 
was closed by the city of Philadelphia 
for the equipment of a new high-pressure 
fire-service station, practically a duplicate 
of the Delaware avenue fire station, which 
has given satisfactory service for several 
years. The new plant will be located at 
Seventh and Lehigh avenues, in the Ken- 
sington mill district. It will take water 
from the old Fair Hill reservoir, as it is 
located some distance from the river. 

The work is in charge of the Millard 
Construction Company, which is the gen- 
eral contractor, while detail-engineering 
work is being carried out by the Scofield 
Engineering Company. The first contract 
covers ten 300-horsepower Westinghouse 
vertical single-acting gas engines, direct- 
connected to Deane triplex pumps, and a 
140-horsepower unit for auxiliary pur- 
The engines will take gas from 
the city mains, as in the case of the Dela- 
ware avenue station. 


poses. 


The decision again to employ pumps 
driven by gas engines for this high-pres- 
sure fire service is distinctly interesting 
in view of the discussion which took place 
previous to and after the installation of 
the Delaware avenue station, and which 
was mostly in favor of electrically driven 
pumps such as those in New York City. 

A study of the first year’s operation 
(1904) of the Philadelphia station, indi- 
cates the kind of results that are obtaina- 
ble from an installation of this kind. As 
this was the first year’s operation of the 
plant, it was to be expected that the maxi- 
mum interference from troubles, operative 
and would be encountered. 
The year’s record shows not a single case 
of failure to start, either in the actual fire 
service, or in the numerous experimental 
runs which were made to test out the 
equipment. During the year there were 


otherwise, 


32 alarms and nine actual services of any 
considerable duration, the services vary- 
ing from a few minutes to 24 hours. The 
large pumping units ran 337 hours, and 
the small units 198 hours, during the year, 
with a total pumping service of 27,000,000 
gallons. The average cost per thousand 
gallons pumped, including all the experi- 
mental runs, which were by far the major 
portion of the service, was 12.5 cents; but 
for a large fire of five or six hours’ dura- 
tion, the cost of pumping is barely over 
5 cents per thousand gallons. The total 
cost of the gas engines, 
aggregating 3000 horsepower, from their 
installation up to December, 1905, 
$3.05. 

On the average, any unit could be put 
upon the system at 300 pounds delivery 


repairs on 


was 
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pressure in from 45 to 60 seconds from 
the time of giving the signal from fire 
headquarters, and the entire station could 
be got under way in from 7 to 10 min- 
utes. In ordinary operation, however, 
only one or two units are started on the 
first signal, as these are sufficient to start 
operations, and further units can be put 
on as the service may require. 

A highly important feature of the 
Philadelphia situation is the attitude of 
the insurance authorities. Prior to the 
establishment of the Delaware avenue sta- 
tion the insurance underwriters had im- 
posed an additional charge of 25 cents per 
$100. On the completion of the test of the 
high-pressure pipe line in May, 1902, a 
reduction of 15 cents per $100 was made, 
and on the final test of the gas-power sta- 
tion on April 18, 1905, the balance of the 
“pink slip” charge was removed 
and the system was declared approved. 
Formerly of a most decided conservatism 
toward gas engines, the authorities then 
expressed their complete confidence in the 
new system by suggesting extensions to 
the initial equipment. 


extra 





Commutator Brushers and Sparking 


By H. B. HapFIELp 





Several letters have recently appeared 
in Power AND THE ENGINEER regarding 
sparking of commutators. While a wide- 
ly diversified experience is shown along 
that line by the different writers, I am 
firm in the conviction that fully 95 per 
cent. of the trouble is caused by brushes 
and brushholders, while the remaining 5 
per cent. would be ample to cover all the 
old-timers and improperly designed ma- 
chines which have no excuse for present 
existence. 

I have had my troubles with “sparky” 
commutators, and while my present prac- 
tice includes nothing of a wonderful na- 
ture, it is productive of excellent re- 
sults, which is what we are all after. 

I have handled machinery with brushes 
which have been boiled in engine oil, 
paraffin, beeswax, turpentine, tallow and 
what not, and while this “dope” seemed 
to give some improvement, it surely did 
not strike at the root of the evil; for 
while it would lubricate the brush it 
also increased the contact resistance with 
the brushholder and commutator and gave 
rise to trouble worse than that which it 
was intended to cure. 

After the brushes are set at the correct 
points on the commutator, spaced evenly 
all around, and the load is not excessive, 
the commutator is true, the brushes fitted 
carefully to the holders and commutator, 
and still they spark, that is a condition 
productive of gray hairs and insomnia. 
But a careful analysis (or should it be 
diagnosis?) will usually trail the trouble 
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to the door of the brushholder or the 
brush. 

Some time ago I fell heir to several 
sparkers, and my experience with them 
has been productive of evidence against 
the brush and holder. A 55-horsepower 
type S-10 Westinghouse compound-wound 
225-volt dynamo was carrying a load of 
125 amperes. The brushes worked red 
hot most of the time, and frequently 
ran so hot as to melt the brushholders. 
This was so common that it had ceased 
to call forth even a moderate amount of 
profanity from the attendant. Today this 
machine carries 230 amperes and is as 
cool as could be desired. We are using 
the same brushholders that were furnished 
with the machine, and the same grade of 
carbon. The contact between carbon and 
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holder has been improved. We found 
that the “pigtails” were secured to the 
brush by small brass bolts put through the 
copper webbing pigtail and a ™%-inch hole 
in each carbon brush. This made in- 
sufficient contact. The bolt made no con- 
tact with the brush inside the hole be- 
cause it had to “clear.” The point where 
the pigtail was squeezed against the car- 
bon overheated, carrying 
away the copper coating, adding to the re- 
sistance, starting the endless chain of 
more heat, more resistance, until it con- 
sumed either the brush or the holder. 


soon became 


CAPPING THE BRUSHES 

We made up a set of brushes like Fig. 
1, which were copper-plated to 
good soldered contact. We then 


insure 
made 
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caps of 1/32-inch sheet brass as repre- 
sented in Fig. 2. A laminated copper pig- 
tail was made up about % inch wide by 
inch thick and passed through the slot 
at the top of the brass cap. The cap and 
pigtail were then soldered securely to the 
brush and the other end of the pigtail 
was fastened to a solid part of the brush- 
holder. We have had no sparking nor 
overheating since. The brushes have 
lasted a year and are good yet; we have 
nearly doubled the load, and everybody is 
happy. This scheme of capping brushes 
has been carried out on about 25 motors 
ranging from I to 50 horsepower and is 
being applied wherever trouble comes up. 

In capping brushes, no attempt should 
be made to solder caps to carbon without 
copper-plating, as only an_ indifferent 
contact will result, and while it may be 
inconvenient to buy brushes cut out at 
the top as needed it will pay to send them 
away for plating after cutting, if neces- 
sary. 

That it is not always sufficient merely 
to carry out the instructions of the manu- 
facturer can be clearly shown, although 
if these instructions were more generally 
followed much anxiety and expense would 
be saved. But there are cases where the 
man who designs a machine seldom or 
never sees it in regular operation, and 
certainly never has to “sweat blood” to 
keep a factory or a department of one 
running with a tricky motor. 

We had a 4o-horsepower motor running 
a positive blower two hours per day in a 
foundry. At the end of the run it was 
usually hot enough to fry eggs, and while 
running was so noisy as to be irritating. 
The brushholder was of the style shown 
in Fig. 3, where the brush is clamped 
to the holder for good contact, and the 
stud runs through a large hole in the 
other end of the holder, allowing 
holder either to dance around like a 
dervish or require clamping the spring so 
tightly that it became practically jammed 
on the bars and squeeled like a pig. 

In this case we made new brushholders 
of a different type and fitted them with 
capped brushes, and the machine 
runs very coolly and quietly and is as good 
a motor as any we have. 

One of the large manufacturers put out 
alo-horsepower four-pole motor which has 
a commutator 3% inches long, and is fitted 
with brushes 1% inches wide. The holders 
are attached to two wooden blocks, a pair 
on each block, and the blocks are fastened 
to the usual brushholder ring, All four 
of these brushes run in the middle of 
the commutator, making a track 1% 
inches wide. Trouble with one brush 
means trouble with four in a very short 
time. We took the wood blocks off and 
cut a notch 54 inch deep where each block 
fits the brush yoke. The two top holders 
were blocked in 54 inch and the two lower 
ones blocked out. This puts a positive 


the 


now 


and a negative brush in each track, which 
is no small advantage. 
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Practical Letters from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


How the Steaming of a Boiler 
Was Improved 


I have charge of a plant in which there 
are two 150-horsepower boilers and one 
100 - horsepower. The 100- horsepower 
boiler is represented in the accompanying 





FIG. I. BEFORE 


was cut out the next time I decided to 
change some of the brickwork, as shown 
in Fig. 2. The back wall A was removed 
and an extra wall B was built behind the 
boiler and filled in with earth between the 
two walls C and B, cutting the space down 
from 48 inches to 18 inches. Since the 
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THE CHANGE 





FIG. 2, AFTER THE CHANGE 


Figs. t and 2. Fig. 1 shows how the 
boiler was arranged when I took charge 
of the plant. The boiler did not steam 
good at all and did not seem to have very 
much draft, although there was a good- 
sized stack. 

I fixed some of the brickwork that was 
loose, thinking that was the trouble, but it , 
did not help very much. When the boiler 


change was made the boiler steams good, 
burns less coal, has a splendid draft and 
is better every way. It seems that the 
arrangement shown in Fig. 1 gave a space 
so wide that the flames and gases just 
whirled around in the large arch before 
passing out through the flues. 


D. M. Grove. 
Covington, Va. 


IDEAS 


Safety Cams 





On page 730 of the April 20 number 
appeared a letter regarding safety cams, 
in which the writer states that the eccen- 
tric is set about 135 degrees ahead of the 
crank. This position gives the eccentric 
an angle of advance of about 45 degrees, 
which is excessive. He states that in this 


- position the indicator diagram will show 


a square corner at the closure of the ex- 
haust, or in other words no compression 
and late release. This is entirely wrong. 

It would be impossible to get release 
and compression late on a Corliss engine 
with the eccentric set 135 degrees ahead 
of the crank. As a matter of fact, either 
one or both of these events must be very 
early. It would be possible to get both re- 
lease and compression early, or it would 
be possible to get proper release or com- 
pression, while the other event in each 
case would be very much too early. The 
only way to get both events late, as Mr. 
Tryon states, would be to have the eccen- 
tric not set far enough ahead of the 
crank. 

Suppose with the eccentric at 135 de- 
grees advance we adjust the exhaust-valve 
reach rod, so as to get proper exhaust. 
The compression would be too high, and 
we would have to shift the eccentric back, 
then adjust the exhaust-valve reach rod 
to bring the exhaust right again, after 
which the compression will be seen to be 
reduced. If not enough, the eccentric and 
rod will have to be changed more in this 
same manner until both exhaust and com- 
pression are satisfactory. 

Changing the eccentric in this way will 
have made the admission late, and to 
bring the admission right, the steam-valve 
reach rod must be shortened and_ the 
dashpot rod lengthened. The steam-valve 
reach rod is shortened to make the admis- 
sion earlier, and the dashpot rod is 
lengthened to reduce the lap.of the valve 
and allow the hook to catch on when in its 
lowest position. 

These changes bring us to the trip col- 
lar, on which are mounted the safety cam 
and cam for tripping the hook by the 
action of the governor. 

To set these trip collars it must be re- 
membered that the hook must always un- 
hook and allow the valve to be closed by 
the action of the dashpot. The valve 
must never be allowed to be opened and 
closed by the hook. To set these trip col- 
lars, I ordinarily have the governor placed 
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with the safety stop in position for start- 
ing the engine; I then: start the engine 
and have it run as slowly as_ possible 
until I get the trip collars set. At this 
speed the governor will remain on the 
safety stop and in this position the steam 
valves should close at the latest possible 
point of the piston stroke. To get this 
result the reach rod connecting the trip 
collar with the governor must be length- 
ened or shortened as the case requires, 
until the hook is tripped at the very latest 
point possible of its stroke upward. 

When the trip collar is set in this posi- 
tion the safety cam should very nearly 
touch the end of the hook when the hook 
is in its lowest point, and if the governor 
is let down off the safety stop the engine 
should stop, because the safety cams 
should hold the hook off so that it can- 
not open the valve and admit the steam. 
If the safety cam does not hold off the 
valve hook when the governor is down 
su» and the valve gear is correctly ad- 
Suasted otherwise, the safety cam should be 
set up on the trip collar until it is close 
enough to hold the hook off, and secured 
in this position. 

Harry W. BENTON. 
Cleveland, O. 





Faulty Engine Adjustment 





On page 686 of the April 13 number, 
E. O. Brown presents two engine cards 
typical for badly adjusted old-style Fitch- 
burg engines. 

Two faults in adjustment may be de- 
tected: The change in lead of the head 
end at different loads points to a wrong 
position of the governor on the shaft. 
The excessive variation in cutoff of the 
head end compared to the crank end 
proves that the eccentric rod is too short, 
on account of which the rocker pin does 
not travel an equal distance on either 
side of the plumb line through the rocker- 
arm fulcrum. 

-The governor should be adjusted by 
trying to get the smallest movement in 
the valves, when swinging the governor 
weights in and out; the engine being put 
alternately on each dead center. Tak- 
ing out the springs will convenience this 
operation greatly. If the governor is in 
the correct position a countersunk hole 
will likely be found on the shaft under 
the tap of the set screw in the hub of the 
governor wheel, which is generally drilled 
in by the manufacturers before shipment 
of the engine. 

Before starting to change the length of 
the eccentric rod, mark the position of 
the crank-end valve at the dead center, 
as its lead is correct and should not be 
.changed. Then shorten the eccentric rod 
by turning the hook until the rocker pin 
swings an equal distance on either side 
past the plumb line through the center of 
the rocker-arm fulcrum. Put ihe engine 
at the farthest dead center and clamp the 
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crank-end valve stem on its reach rod 
with the valve in the marked position. 
With this valve now in the correct posi- 
tion, the head-end valve should be ad- 
justed by shifting its clamp until the indi- 
cator card shows the same lead at both 
ends of the cylinder at all loads. 
RuLor KLEIN. 
New York City. 





Motor Controller Troubles 





A short time ago the starting lever of a 
direct-current stationary-motor controller 
was broken, as shown in Fig. 1; it was 
impossible to get a new lever at once, 
so the old one was repaired with a patch. 
The repair took one hour, including the 
time spent in removing the lever and re- 
placing it. 

The break was due to one of the seg- 
ments being loose and raised a little high- 
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rough it will scratch the slate and dust 
gets under the copper brush, causing 
sparking at the segments when the lever 
is moved to the starting position. I had 
a controller of this type. I made a brake 
of wood fiber and had no more trouble. 
A controller on one of our cranes used 
to spark badly. I found that the seg- 
ments were all burned black. They were 
cleaned with sandpaper, but in a short 
time they were burned black again, when 
it was found that the carbon brush on the 
starting lever did not make good con- 
tact with the segments at the toe. After 
the brush was ground to a good fit with 
sandpaper there was no more trouble. 
H. A. JAHNKE. 
Milwaukee, Wis. 





Synchronizing Trouble 





I think C. L. Greer’s synchronizing 
trouble was caused by the pulsating 
unidirectional electromotive force which 
exists between any commutator brush and 
any collector ring of the converter. 
Since the three-phase alternating-current 
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FIG, I 


er than the others. When the operator 
moved the starting lever the copper brush 
on the lever could not pass over the 
high segments, so force was used, with 
the result that the lever was broken and 
some of the segments were bent. 

Most motor controllers used in shop 
and factory work have _ rubber-covered 
buffers next to the brake (Fig. 2), in 
order to stop the starting lever when it 
is released by the magnet when the 
switch is thrown out. In time these buffers 
will wear out or break and, if not re- 
newed in time, when the starting lever 
is released by the magnet it will strike 
against the pins which held the buffers 
on. These starting levers are made of 


cast iron, are very light and break easily. 

Some makers of motor controllers use 
slate for the brake, which I think is bad 
practice, because when the copper brush. 
on the starting lever becomes a little 


Power, N.Y. 
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electromotive force is 400 volts, the direct- 
current voltage will be about 650 volts. 
The instantaneous values of the pulsating 
electromotive force vary from o to 650 
volts, giving an effective voltage of about 
460 volts. 

If the voltmeter plug is placed in A, the 
positive brush is connected to the positive 
busbar through the middle voltmeter 
lead. In synchronizing with the voltmeter 
plug in 4 and one of the synchronizing 
plug switches closed, the effective electro- 
motive force impressed upon the lamps 
varies from 0, when the machines are in 
phase, to about 460 volts when in opposi- 
‘tion. Therefore, the lamps receive about 
460 volts instead of 400 volts. The plug 
A burned because the voltages were not 
equal, or because they were not exactly 
in phase when the switch was closed. 

H. C. Coates. 

Granite City, II. 
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A Gas Engine Signal System 





In dealing with the minor difficulties 
incident to gas-engine operation, the 
signal system represented by the accom- 
panying diagram is a great convenience. 
It is preferable to have the signal control 
on the panel of the generator driven by 
the engine for which it is intended. This 


220 Volts 


POWER AND THE ENGINEER. 


lamp is lighted over engine No. 1, both 
lamps are dark over No. 2 and the green 
lamp is lighted over No. 3. When the 
load has been divided equally among the 
three generators the lamps 
guished, of course. 

The governor switch is used in most 
cases, where mixtures are adjusted by 
hand, only to synchronize the machines. 
After the generators have been synchron- 


are extin- 





Resistance 
Power, N.Y. 


SIGNAL-SYSTEM CONNECTIONS 


will avoid any confusion of machine num- 
bers. In cases where the wiring on the 
panel does not permit of any additional 
wiring, a separate signal board may be 
used, as shown in the figure. A set of 
signals must be arranged between the 
gas engine and switchboard operators. 
A red and green lamp are placed over 
each engine at some con'venient spot 
where they can be seen by the engineer 
from any part of his engine. These 
are indicated in the diagram by R and 
G, and corresponding pilot lights R’ and 
G’ are placed on the signal panel for 
the guidance of the switchboard oper- 
ator. By means of the small push-button 
switches A and B the lights are controlled. 
The lamps R and R’, and G and G’ are 
in series, respectively, across a 220-volt 
supply circuit, or one of some other con- 
venient voltage. A large gong is placed 
near the center of the power house and 
rung by the switch C to call the attention 
of the engineers to their signal lights. The 
simpler the code of signals, the more 
effective it will be. The following code 
of signals for paralleling generators is 
very easily understood: Red lights to 
slow down, green to increase the speed, 
and red and green to balance the mixture 
in the cylinders. This code is also applic- 
able for readjusting the load during paral- 
lel operation. For example, suppose that 
the load carried by three 2000-kilowatt al- 
ternators becomes unequally divided so 
that No. 1 generator carries 3000 kilowatts, 
No. 2 generator, 2000 kilowatts and No. 
3 generator 1000 kilowatts. With these 
conditions there will be a decided hunting 
action between the units. To readjust 
the load it is necessary to look at the 
frequency meter to see if the speed is cor- 
rect. If so, the gong is sounded, the red 


ized and the load becomes unbalanced, the 
engineer advances or retards the spark 
and adjusts the supply of gas alone until 
the proper conditions are restored. 

WitiiaM D. LITTLE. 
Wilkinsburg, Penn. 





Trouble in a Pumping Plant 





The article in a recent issue about 
“Potblyn P. D.” was very interesting, and 
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was found to throw some 30,000 gallons. 
One morning I found a bearing, hot on 
one side, which was something unusual. I 
noticed that the engine acted as if the 
load was light. I climbed up to the 
flume and found that only about one- 
half the usual amount of water was be- 
ing delivered by the pump. I thought I 
had solved the mystery and that the suc- 
tion was stopped up. As the suction 
pipe was not equipped with a foot valve, 
the water was raised by a 2-inch ejector. 
I got a long pole and ran it down along 
the suction pipe in the water, thinking 
perhaps that one of the floor planks in 
the intake had got loose and obstructed 
the flow to the pipe, but nothing was 
found wrong. I was in somewhat of a 
bad fix; 500 miles from home, 19 miles 
from a railroad, and 40 miles from a ma- 
chine shop, and if I had known of “P. D.” 
Iwould gladly have given half of the hard- 
est part of my past life. The water was 
badly needed, as some 3000 acres was 
planted with rice, and water had to be 
had. I shut down the engine and started 
the ejector, and I could feel the water in 
both suction pipes, and starting and run- 
ning the engine and pump up to speed, 
the hot box was something of the past. 

This same thing happened several times, 
and I never found the cause, and will 
give “P. D.” a chance to solve the problem. 
The accompanying illustration shows de- 
tails of the installation. 


On one occasion, having plenty of 
water in the canal, we had_ stopped 
the engine to change the — suction 


pipe in the fuel-oil tank, and to pack the 
boiler-feed pump. While we were work- 
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TROUBLE IN A PUMPING 


I am sorry that I did not know the 
“P. D.” some four years ago, when I 
was engaged as chief engineer in an ir- 
rigation pumping plant, where on several 
occasions a very peculiar thing took place. 

The 30-inch centrifugal pump, run- 
ning at 240 revolutions per minute, pulled 
by nine wraps of 134-inch rope, was 
guaranteed to throw 25,000 gallons of 
water per minute, and after several tests 
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ing on the pump, the engine moved, 


stopped and again moved. The fireman 
had shut down the plant and was sure 
he had closed the main engine throttle. 
Looking at the receiver gage, it showed a 
pressure of 180 pounds. One can imagine 
my thoughts as the receiver was made of 
cast iron, and we never had more than 
30 pounds in it. 

During the installation, I had a by- 
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pass put in between the receiver and trap, 
so that in case the trap should fail, it 
could be removed and repaired, and the 
bypass used for draining the condensation 
in the receiver, and not have water pass- 
ing into the low-pressure cylinder. I 
opened the bypass, which was the only 
time it was used. We afterward found 
a globe valve partly open, on a pipe lead- 
ing from the steam main to the receiver. 
We maintained a receiver pressure of 12 
pounds by cracking the valve, and found 
the engine worked without any undue 
noise with this pressure for the low- 
pressure cylinder and 180 pounds for 
high-pressure cylinder. 

When running night and day, we usual- 
ly stopped at 6 a.m. and 6 p.m. to fill 
the grease cup on the crank pin. One 
morning the night engineer stopped as 
usual and, while filling the grease cup, 
heard the water from the flume rushing 
back to the river through the pump. He 
then knew that he had forgotten to drop 
the flap door on the end of the discharge 
pipe. He loosened the rope, dropped the 
door, and the result was that the ve- 
locity of the water and the sudden vacuum 
created in the discharge pipe caused one 
20-foot length to collapse. This caused 
a shutdown for one week until a new 
section could be made. When this was 
put in I tapped a t1-inch pipe on top 
of the discharge pipe, with a globe valve 
at the bottom within reach. This valve 
was opened when shutting down the plant, 
and permitted air to go into the discharge 
pipe as the water went back through the 
pump after the flap door was closed. 

C. WILHELMSEN. 

Kentwood, La. 





Explosion of a Fire Hoe 





Engineers are all more or less familiar 
with boiler and flywheel explosions, but 
the explosion of a fire hoe is probably a 
new “wrinkle.” 

The photograph shows the handle of a 











FIRE HOE AFTER EXPLOSION 


fire hoe which exploded while the fireman 
was cleaning fires. The handle was made 
of 34-inch steam pipe. Slack was used 
as fuel, and the coal pile was so near 
the boilers that in pulling out the ashes 
the handle had been jammed full of 
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slack. Repeated heatings had baked the 
slack so that it tightly plugged the end 
of the handle. 

On the occasion of the explosion the 
fires were very hot and very dirty, so 
that the handle got hot enough to ignite 
the gas formed on the inside of it by the 
coal. 

Ray L. RaysBurn. 

Decatur, IIl. 





A Peculiar Pump Trouble 





In the course of a somewhat varied 
and lengthy experience, the writer has 
come across some curious pump troubles 
and their remedies, but the following is 
the only one of its kind that he ever saw 
or heard of: 

The incident happened in a pumping 
plant, consisting of a 14x24x14x18-inch 
compound condensing pump, and a 
7'%2x7x12-inch independent air pump and 
condenser. The main pump was operated 
at 15 revolutions per minute and the air 
pump would form a vacuum of 26% or 
27 inches, with the steam valve one-third 
of a turn open. The boiler pressure was 
65 pounds. 

Upon starting the pump one day it was 
noticed that the air pump did not pull 
down the vacuum as usual, so the steam 
valve was at once examined to see if it 
was open its customary one-third turn, 
and was found to be so. The steam was 
at full pressure. The water valve to the 
condenser was never changed, so we 
looked for leaks, but could discover none, 
so the steam valve was opened a little 
more. 

This condition continued for some time 
and we were compelled gradually to open 
the steam valve until it was wide open, 
and we were just about able to hold the 
26% inches of vacuum, but with the valve 
wide open there was no increase in the 
speed of the pump. The writer had sug- 
gested several times that the pump’ be 
examined internally, but was gently sat 
upon, until the vacuum began to disap- 
pear. Then it was decided that some- 
thing must be done and the pump was 
shut down and opened up. The water end 
was thoroughly examined as a starter, 
everything being found as it should be. 
Next the steam cylinders were examined, 
but everything was found all right. The 
valve covers were then taken off, which 
in the writer’s opinion should have been 
done first, and the valves appeared to be 
all right; the pump was then traveled to 
test them and they worked correctly. 
Then the valves were cocked up on one 
side to allow the ports and bridges to be 
seen. While the edges of the ports 
showed some little erosion, there was 
nothing to account for the extra amount 
of steam to operate the pump or the fall- 
ing away of the vacuum. 

Again the writer ventured a suggestion, 
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this time to the effect that the trouble 
must be in the valves or ports, and ad- 
vised that the valves be taken out alto- 
gether to enable a thorough examination 
of ports and valves. He was told to go 
ahead and do as he liked, and was imme- 
diately left alone. Upon removing both 
valves, which were of the ordinary D type, 
with two lugs on the top, between which 
was a rectangular block about % inch 
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square, with a hole in the center, through 
which the valve stem passed and moved 
the valve, instead of locknuts, every- 
thing looked all right. It began to look 
like a case of “stumped,” when upon turn- 
ing the valve over again, the block upon 
the top moved over to the other lug, and 
the trouble was found. 

In the top of the valve on one side, 
where the block rested as it moved back 
and forth, it had worn a hole through 
the valve, and when the valve was turned 
over, with the block held on top of it, it 
was hardly perceptible, yet upon taking 
the block out it seemed as though a blind 
man ought to have seen it, although five 
of us were unable to discover it. 

A new valve was immediately procured 
and when the pump started again it went 
on the job with one-third turn on _ the 
steam valve as usual. 

W. N. WInc. 

Brooklyn, N. Y. 





What Would Happen if the 
Belt Came Off 





In answer to H. B. Adcock, in the 
April 20 number, I will say that in case 
one of the exciter belts breaks he will 
have to look out for fireworks at that 
exciter’s commutator. 

The generator, running without a 
field, would draw excessive current from 
the busbars and if fused would probably 
blow the fuses. It would act as a sort of 
transformer, taking current from the bus- 
bars and pumping it into the 
probably burning the commutator badly. 

If the other alternator could supply the 
current, the speed would increase, as the 
heavy lagging current would react upon 
the fields to demagnetize them and drop 
the load, although the current would be 
a great deal above normal full-load cur- 
rent. 


exciter, 


CHARLES O. RANKIN. 
Craftonville, Cal. 
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In reply to H. B. Adcock’s question in 
the April 20 issue, I will say that the 
alternator whose exciter belt is thrown 
can be considered practically a_ trans- 
former with its secondary circuit com- 
pleted by a moderately high impedence. 
I venture to say that with some character- 
istics of design the alternator would con- 
tinue to run somewhat as an induction 
motor, while upon the other hand it may 
draw such an excessive current from the 
other machine as to make it necessary to 
take it off the line at once. I am Of the 
opinion, however, that no serious results 
would occur. 

L. EarLteE Brown. 

Ensley, Ala. 


— 


Replying to H. B. Adcock’s inquiry 
in the April 20 number, as to what will 
happen if the belt driving an exciter 
should break, there would be no cur- 
rent flowing through the field circuit, but 
the generator would run as an unexcited 
synchronous motor, taking a very heavy 
lagging current from the busbars. 

If both machines were operating at near 
their rated capacity when the belt broke, 
it would put quite a load on the one ma- 
chine and I believe there would be some 
fireworks in a short time. It would be a 
good investment to install fuses between 
the generators and busbars, especially in 
this case, where the exciters do not oper- 
ate in parallel and no auto-switches are 
provided. 

Louts B. Cart. 

Marshfield, Wis. 
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Hhadling Weed Economically 


—— 


On page 121 of the January 12 num- 
ber, I. B. Sutton wishes to know of a 
way to handle wood economically. The 
accompanying illustrations show two ways 
of handling wood which work success- 
fully. 

The system shown in Fig. 1 is located 
in a 3000-horsepower plant, and consists 
of a chute C which leads to the boiler 
room, having several openings which are 
opened and closed by a rope leading to 
any convenient place. 


The conveyer is a common endless- 


chain conveyer with the cross pieces about 
The turning board is 


15 inches apart. 
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FIG, I 


I think the alternator would continue 
to run and carry the load. This would be 
because of its field being magnetized by 
an induced current from the other alter- 
nator, and if there were no fuses or break- 
ers in the exciter circuit the exciter 
would probably continue running as a 
motor. Of course, the voltage and power 
factor of the system would be very much 
below normal. 

Harry J. Burton. 


Schenectady, N. Y. 


just high enough to allow the cross pieces 
to go under. 

The method shown in Fig. 2 is used in 
a goo-horsepower plant. It consists of a 
track to the wood pile, turntable B and 
track C leading to the boiler room. This 
track runs down an incline of about 1 
foot to every 6 feet. 

The stop block can be moved to any 
position on the track in the boiler room, 
as required. 

When the car F hits the block the 
wood is knocked off the front of the car. 
On the bottom of the car are two strips 
of iron to keep the wood from sticking. 
The car is built of heavy timber.to with- 
stand the jolt of stopping. 

When wood is required. in the boiler 
room, one of the firemen rings a bell to 
let the wood handler know. He in turn 
rings a bell and lets the car go and ap- 
plies enough pressure on the brake of the 
engine to keep the cable tight and stop 
the engine when the car stops. When the 
car hits and unloads it is hauled up and 
loaded for the next call. 

In Mr. Sutton’s case, I should think 
power could be taken from the main en- 
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gine, if the cable was returned to the 
boiler room, or the hoisting engine done 
away with by using two cars and make a 
double track part of the way at least. 

ALDEN SEARS. 


Electron, Wash. 





Reversing Polarity 





Referring to the letter in the April 20 
number, by B. F. West, in regard to trou- 
ble in operating two direct-current ma- 
chines in parallel, the fact that one ma- 
chine is larger than the other should not 
interfere with their proper operation. 

I take it that these machines are sepa- 
rately driven. It is possible under such 
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conditions that the trouble lies in the gov- 
ernor of one of the engines. This might 
cause a wide variation in voltage, especi- 
ally if one machine had a rising character- 
istic and the other not. 

The compounding of his machine may 
not be correct for satisfactory parallel 
operation and if he can determine which 
machine has a tendency to produce the 
highest voltage at the busbars he could 
improve the conditions by inserting a coil 
of wire into the leads from this machine 
so as to give a greater drop in the leads 
between machine and busbar and, there- 
fore, bring the voltage down. This coil 
need be only a large coil of the same wire 
as the leads and connected into the lead 
one the positive side. 

T. A. Lees. 

Quincy, Mass. 


In answering B. F. West, in regard to 
one of his direct-current machines revers- 
ing the other one at times, I will give my 
experience. 

Taking it for granted that his machines 
are connected with an equalizer, I find 
that it is possible to run compound ma- 
chines of greatly varying sizes together if 
they are wound for the same voltage, but 
it is sometimes necessary to put an extra 
shunt in the shunt-field circuit on the ma- 
chine which tries to take the lead in grab- 
bing heavy loads. Sometimes one machine 
will be found to be considerably quicker 
than the other and by increasing the size 
of the shunt he can obviate this, and I 
would advise him to try it. He can easily 
make the shunt out of german-silver wire 
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and insulate it with tape; put the shunt on 
the machine which reverses the other one. 
J. G. DENNINGTON. 
South Oil City, Penn. 





Hydraulic Information 





In a recent issue, under the head of 
“Hydraulic Information Wanted,” Wil- 
liam E. Pipe gives a certain stream flow, 
and states that by going back 500 feet 
from the proposed location of the plant a 
fall of 140 feet can be obtained. He in- 
quires as to the size and grade of pipe, 
class and size of wheel most applicable to 
the case in hand, and the number of 
16-candlepower lamps that could be 
carried. 

His letter of inquiry does not contain 
sufficient information to enable one to 
make a very definite or reliable reply, and 
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line is such as to increase the available 
power 0.2 horsepower over that obtaina- 
ble with a 24-inch penstock arid powe7 is 
worth $75 per horsepower per year, the 
annual saving would amount to $15. If 
the increased cost of the larger pipe 
erected is $200, with interest and depre- 
ciation figured at 8 per cent. per annum, 
the change would not be warranted. 
Briefly stated, then, that size of penstock 
would seem most economical for which 
the yearly interest and depreciation on 
the first cost of the pipe plus the value of 
the power lost in the pipe line per year 
are minimum. The accompanying table 
shows what diameter of pipe seems most 
economical. 

The table was first prepared to include 
pipes of smaller diameter, as well as a 
36-inch pipe, but as the proper size au- 
peared to be within the limits of a 22- to 
30-inch pipe, only that section of the table 











1 2 3 4 

Power 

Pipe Velocity Lost. 
Diam. per Feet Friction, Horse- 
Inches. Second. Feet. power. 

22 4.72 2.50 3.54 

24 3.97 1.70 2.41 

26 3.38 1.20 1.70 

28 3.02 0.90 1.27 

30 2.54 0.60 0.85 














5 6 7 8 
Yearly Inter-| Sum of Col- 
Yearly Cost of est and umns 5 
Loss. Pipe. Depreciation. and 7. 
$177.00 | $1100.00 $110.00 $287 .00 
120.50 1600.00 160.00 280.50 
85.00 1775.00 177 . 50 262.50 
63 . 50 1900.00 190.00 253. 50 
42.50 2240.00 224.00 266 . 50 














Power at $50 per horsepower- year. 
per pound. 


Interest and depreciation at 10 per cent. 


Pipe at $0.10 








a 
on the basis of incomplete and general in- 
formation a reply must necessarily be con- 
sidered equally incomplete and general. 
It may be of interest, however, to con- 
sider the matter in the light of the data 
furnished. 

By a stream of water delivering 360 
inches under a 12-inch pressure, doubtless 
a discharge of 360 miner’s inches under a 
head of 1 foot is meant. Such being the 
case, a continuous discharge of this 
amount would mean approximately 12.45 
cubic feet per second. 

The selection of the proper size of pipe 
or penstock is in itself quite a problem, 
increasing in importance with the plgnts 
in which the cost of the pipe line is a 
large percentage of the total cost. The 
chief factors on which the proper solution 
of this problem depends are quantity of 
flow through the pipe, static head, proba- 
ble total cost of development per horse- 
power, and the cost per pound of the pen- 
stock erected. Based on the above, ex- 
pressions of considerable value have been 
worked out for the most economical 
diameter to install in any particular case. 
Since the friction in a pipe line for a 
fixed quantity flowing decreases with an 
increase in the size of pipe, it follows that 
the annual saving in the value of power 
occasioned by a reduction in the fric- 
tional resistance must be considered in 
connection with the increased yearly in- 
terest and depreciation on the first cost 
of the larger pipe. For example, if the 
reduced friction head in a 26-inch pipe 
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wheel the proper relation of power and 
diameter would call for a 20- to 25-inch 
wheel. The standard 22-inch wheel of 
one of the reliable companies is rated at 
176 horsepower at 495 revolutions per 
minute, and a discharge of 13.9 cubic feet 
per second, and would appear to be the 
nearest fitted for the case in hand. 

Assuming the combined generator and 
wire efficiency to be 80 per cent., the 
power delivered for lighting would be 
equivalent to 


157-5 X 0.08 X 746 = 93,877 
watts. The average power required to 
carry one 16-candlepower lamp is 

16 xX 33° 528 
watts. The number of lamps that could 
be carried, therefore, would be 
93,877 — 52.8 = 1778. 
B. R. McBripe. 
Madison, Wis. 





The Spanish Windlass 





The origin of the term “Spanish Wind- 
lass” is somewhat obscure, and as far as 
I have been able to ascertain it is not 
Spanish, and it is not a windlass, but of 
its utility as an improvised tackle there is 
not the slightest doubt. Among sea-going 
engineers it is a great favorite, as most of 
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THE SPANISH WINDLASS 


is included. The value of power per year, 
the cost of the pipe line per pound, and 
the interest and depreciation figures are 
only approximate and cannot be expected 
to fit exactly the case in hand. 

From a consideration of the data con- 
tained in this table the 28-inch pipe ap- 
pears to be the proper one. The friction 
losses are taken from tables for sheet- 
steel riveted pipe, as this grade of pipe is 
considered the proper one to use. 

Based on the flow given and the effec- 
tive head of practically 139 feet the power 
to be delivered by a turbine of 80 per 
cent. efficiency would be equal to 


12.45 X 139 X 0.80 K 62.5 
§50 


horsepower. Under the conditions of 
head and flow a high-pressure turbine 
would seem the most advisable. Figured 
on catalog conditions for this type of 
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the machinery, etc, under their control is 
put together with a view to economizing 
space and is consequently not amenable to 
shop methods. 

The accompanying line cuts show how 
it is applied at 4 for bringing two pipes 
together for jointing and at B for raising 
one end of a length of shafting to bring 
it into line for coupling. It will be seen 
that it does the duty of turn-buckle, screw, 
pulley blocks, or crowbar. The travel, 
or rather the length of pull exerted in 
proportion to the power applied to the 
“tommy” is enormous, being limited only 
by the strength of the rope itself. [ 
have used it hundreds of times, and for 
as many different purposes, and I always 
regard iteas one of the simplest and most 
useful emergency tackles. Many a time 
when working in cramped or otherwise 
inconvenient places such as the bilges 
of a ship, where it was not possible to 
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use pinch-bar or pulleys, I have easily got 
over a difficulty by using a Spanish wind- 
lass on it, and frequently when I have been 
sent out into the country to overhaul en- 
gines, etc., | have been able to save con- 
siderable time by its use, particularly in 
some out-of-the-way places where the only 
available tools were a coal hammer and 
a monkey wrench with a loose jaw. 

S. J. BEAN. 
London, England. 





Three Engine Room Kinks 





boiler 
not be 


A main stop-gate valve on a 
leaked so badly that it could 
entered for cleaning, as steam backed 
through from the other boilers. This was 
remedied by tapping a hole between the 





To Cold 
Water Pump 


Power, N.¥. 
FIG. I 














FIG. 3 


disks and connecting to a cold-water sup- 
ply, Fig. 1, which condensed the steam, 
and allowed the boiler to be entered. 

A good way to enter small piston rings 
in a cylinder is to tie a string around them 
which compresses them and allows an 
easy entering to the cylinder. See Fig. 2. 

A table for oil cans, etc., which I made 
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for my engine room, is shown in Fig. 2. 
When painted or bronzed it makes a 
showy affair. 
Mitton HEcLIn. 
Cincinnati, O. 





Cleaning Fires 





It is interesting to note the different 
way firemen go about cleaning fires. One 
man will make it a job to be dreaded, 
while another will do it so easily that it 
is apparently very little trouble. 

To a large extent, it is a matter of 
good judgment. The man who uses judg- 
ment will begin about an hour before 
cleaning time to get his water level, fire 
and steam pressure in proper condition. 
He will then clean the fires with very 
little loss of pressure, and a minimum of 
discomfort and work. The man who uses 
no judgment and makes no preparation in 
advance will have several bushels of half- 
burned coal raked out with the clinkers, 
which makes it so hot as to be almost im- 
possible to stand in front of it, fills the 
room with smoke and soot, and by the 
time he is done his own temperature and 
temper, also, are about as high as that of 
the boiler, and he will have to fight his 
fires for an hour to get the steam pres- 
sure up again. 

The amount of coal wasted by careless- 
ness in cleaning fires is very large in most 
cases. If the boilers are being forced, or 
a cheap grade of coal is used, it is impos- 
sible to clean the fires without raking out 
a pile of red-hot clinkers. The usual 
practice in this case is to have an assist- 
ant stand by and play a hose on them to 
quench the heat. This is a bad thing to 
do, however, as it makes it impossible to 
keep the boiler fronts in good condition, 
besides raising a stifling gas which must 
be breathed by the man doing the cleaning. 

A better method is, before beginning 
to clean, to rake out several shovelfuls of 
ashes from the pit, and have the assistant 
throw a shovelful on the clinkers from 
time to time. This effectually kills the 
heat and causes no discomfort to the one 
cleaning the fire. 

About an hour before time to clean the 
fires, the feed pumps should be speeded 
up, and the water level raised as high as 
is safe to avoid priming. The poker 
should be run over the grates frequently 
to sift all fine ashes through, being care- 
ful not to raise it up, or to get the clinkers 
up into the burning coal. This allows a 
free draft, burns all unconsumed coal that 
might be among the clinkers and leaves 
them dead and comparatively cool. 

About five or ten minutes before begin- 
ning to clean, throw in a fire on the op- 
posite side of the grates from the side 
to be cleaned, and slow down, or stop 
the feed pumps. Then shove the live 
coals back against the bridgewall with the 
hoe, draw all clinkers out, draw the live 
coals forward and rake the clinkers from 
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the back end of the grates out over the 
fire. Then level the fire over the cleaned 
grates and cover moderately thick with 
fresh coal, using lump coal broken medium 
fine, if available. 

If there is not enough live coal re- 
maining to start the fresh coal well, use 
the hoe to draw over from the 
other side of the grates, and then throw 
in a light fire on this side also. 


some 


As soon 
as the fire is up to an even thickness on 
the side cleaned, the other side can be 
allowed to burn down, and be cleaned in 
the same manner. If properly managed, 
fires can be cleaned in this way with little 
or no loss of steam pressure, with a de- 
cided saving in fuel over most methods, 
and with a minimum amount of labor 
and discomfort on the part of the fireman. 

One of the hardest possible methods, 
and one very commonly used, is that of 
letting ashes and clinkers collect so thick 
on the grates up to the time to clean that 
a heavy fire is necessary to hold the steam, 
then using the slice bar to pry the fire 
over to each side while raking out the 
clinkers. 

It is use both the slice 
bar and hoe in cleaning this way, and 
there is sure to be a large ‘amount of 
partly burned coal raked out with the 
clinkers. 


necessary to 


S. Kerwin. 
New York City. 





Hot Bearings 





In an article on “Hot Bearings; Some 
Causes and Remedies,” page 638, April 
6 issue, H. S. Brown mentions his experi- 
ence with locomotive-rod brasses, and sug- 
gests cutting away the brass at the sides 
so that only an end or crown bearing re- 
mains. In his Fig. 4, only about two-fifths 
of the projected area of the bearing re- 
mains. A modification of this which is 
sometimes used when it is desired to sacri- 
fice as little as possible of the projected 
area is to relieve the brass slightly with a 
file for about %4 inch at the edges. This 
prevents binding at this point and pro- 
vides a small oil pocket while the brass is 
coming down to a bearing in the crown. 

Another method of preventing this 
pinching action consists essentially in plac- 
ing a very thin liner between the two 
halves of the brass and then boring large, 
the excess diameter being equal to the 
thickness of the liner. When there is no 
pinching this method gives thedretically 
only a line bearing in the crown of the 
brass and should be used only when the 
service is such that the part may be 
broken in by careful running. Either of 
these methods, however, may often be 
used to advantage in places where a half 
bearing held in pedestals is used, and 
where strains due to changes in tempera- 
ture may cause the bearing to close 
slightly at the edges. 
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The suggestion that it is a mistake to 
reduce the amount of metal by coring out 
at the back brings up the subject of bear- 
ings of other than rod brasses and the 
use of light brass liners for the bearing 
surfaces, and suggests the desirability, 
where the service is severe enough to war- 
rant it, of using all brass boxes, or at least 
enough readily to conduct away the heat 
generated by friction to a radiating sur- 
face sufficient to get rid of it. This will 
be appreciated when it is remembered 
that the conductivity of copper alloys will 
range between 2 and 2% that of cast iron. 

As to open grain in the material and the 
desirability of having a dense surface, 
forging in dies close to the finished size 
while excellent for small parts is not 
always possible with heavy unwieldy parts, 
such as shafts. A good method in this 
case is to roll the journal with a roller 
somewhat similar to that mentioned for 
rolling babbitt, the roller being held in the 
toolpost of the lathe, after the finishing 
cut has been taken, and forced against the 
journal by the cross feed. This gives the 
journal a very dense and smooth outer 
surface, effectively closing all open grain. 

An excellent method of cooling plain 
high-speed . (not ring-oiling) babbitted 
bearings, which I have sometimes used 
with considerable success, and which has 
not received the publicity that I believe 
it deserves, is to feed beeswax, in strings 
of 3/32 inch or % inch diameter into the 
oil hole. The running journal, especially 
if warm, readily takes the wax. The 
preparation of the beeswax strings is a 
simple matter, the only apparatus re- 
quired being a short piece of 34-inch or 
I-inch pipe, a pipe cap and a rod of the 
same diameter as the pipe and of equal 
length. ‘The cap is screwed onto the end 
of the pipe, a hole a trifle smaller than 
the desired diameter of the beeswax string 
is drilled in the pipe close to the cap, the 
pipe is nearly filled with the wax and the 
rod forced in in a vise. The wax is 
forced out at the drilled hole in the form 
of a continuous string. Any hard grease 
may be put into this convenient form for 
feeding through an oil hole in the same 
way. 

Mr. Brown’s article brings to mind cer- 
tain troubles with old wrought-iron jour- 
nals and pins. In one case a bearing on 
which the load was always in the same 
direction, and not alternating as in a con- 
necting rod, ran hot whenever it was 
allowed to heat up beyond a certain 
moderate temperature. It was perfectly 
free, there was no binding and examina- 
tion showed that both the journal and 
bearing surfaces were smooth; there was 
no visible cutting due to grit or foreign 
matter, and changes of oil had little effect. 
The trouble was finally located in a seam 
which was almost invisible when the bear- 
ing was cool, but evidently opened up 
and acted as an oil wiper when warmed 
up. When once located the trouble was 
overcome by scraping down the sharp edge 
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of the seam with the corner of a file 
properly ground. 
A. S. WILLIAMSON. 
Urbana, III. 





A Whistle Repair 





The stem of a whistle was broken as 
shown in Fig. 1 and was repaired by 
drilling a hole nearly the size of the stem. 

The hole C is drilled about % inch 
from the top of the hole drilled through 
the center of the stem. I ground the two 
ends of the whistle stem smooth and 
placed them together. After closing the 
hole C and the bottom of hole D, I filled 
the hole in the stem with the best grade 
of babbitt through the hole D. The 





. 
































FIG. I 


whistle, Fig. 2, is as good as before, and 
gives off the same tone. 
CLaup E. Rvutu. 
Bonham, Texas. 





An Engine Accident 





Referring to the letter in the issue of 
March 23, entitled “An Engine Accident,” 
it appears that Mr. Sheehan, the writer, 
has been imposed upon. It seems in- 
credible that an engine builder would at- 
tempt to shift the responsibility upon the 
operator for breaking a rod which had 
already cracked. It would not be any 
more unreasonable for a boiler manu- 
facturer to claim that a defective tube 
would not have burst if the pressure had 
been reduced. It is doubtful that a reputa- 
ble builder produced the engine in ques- 
tion. 

It is true that 


the engine was un- 
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balanced at the time the diagrams shown 
were taken, for the left-hand high-pres- 
sure diagram indicates 161.2 horsepower, 
while the right-hand low-pressure dia- 
gram indicates 147.4 horsepower. It does 
not appear, however, that the high- and 
low-pressure were taken under the same 
conditions; for upon reducing the former 
to the same pressure scale as the latter, 
the combination will show that the high- 
pressure exhausts at a lower pressure than 
the low-pressure cylinder receives and the 
diagrams will lap. Possibly the springs 
were inaccurate. 

The unequal distribution of work should 
not have broken the rod, for a 3-inch 
rod transmitting the whole work of the 
engine (308.6 horsepower) would in the 
high-pressure cylinder, at 80 revolutions 
per minute, be subjected to a total load 
of 18,183 pounds; which is the product of 
the area of the high-pressure piston (198.5 
square inches net) and the mean effective 


7 pressure necessary to develop 308.6 horse- 


power in the high-pressure cylinder alone 
(91.6 pounds). 

The rod would then have been sub- 
jected to a unit stress of 18,183 divided by 
7.07 (its cross-sectional area), or 2557 
pounds per square inch; which, if the 
rod were not good for more than 50,000 
pounds, ultimate, would represent a factor 
of safety of practically 20. 

Assuming that Mr. Sheehan’s §state- 
ments are facts, this failure is clearly the 
fault of the builders, for it is clear from 
the above deduction that a 3-inch rod, 
even of wrought iron would, if sound, 
have carried the total load of the en- 
gine. That the rod showed an old break 
would indicate that excessive tension was 
not the cause of the trouble, but that 
bending, or some local weakness de- 
veloped it. 

ALFRED WILLIAMSON. 

New York City 





Vibration and Tension 





If an elevator rope, with the car three 
or four stories from the top, is pulled to 
one side and then released, it will vibrate 
slow enough to permit one to count the 
vibrations. 

When two ropes of the same size are 
suspending the same car, if the tension 
in one is greater than in the other, the 
first will vibrate the faster; but I am not 
certain just what relation exists between 
the rate of vibration and the tension. If 
they are directly proportional, it certainly 
would afford an easy and accurate method 
of determining the relative tension in two 
or more ropes. 

It seems quite evident that, if the ropes 
are of the same length, and weight, the 
rate of vibration depends only on the ten- 
sion. 

Who knows about this subject? 

H. H. Hastinos. 


St. Louis, Mo. 
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Some Useful Lessons of Limewater 


The Chemistry of Sulphur and the Importance of Becoming 
Familiar with Its Varied Properties, Compounds and Afhliations 





BY 


In starting out on the systematic study 
of sulphur and its compounds, theoretical- 
ly one might reasonably ask for a table 
of the principal compounds, in their 
oxidized and reduced relations, just as 
we considered the tables of the compounds 
of carbon. All that will come in due 
season; but first let us ask for some 
tangible and practical illustrations of the 
compounds of sulphur, at least to show 
their great importance. One will not have 
to search long for such an illustration. 
We find it right at hand, in sulphuric acid, 
and in many substances which are directly 
dependent on sulphuric acid for their 
production and cheap abundance. 

Of course, every worker in iron knows 
how commonly oil of vitriol, that is sul- 
phuric acid, is used to eat off the scale 
formed on iron forgings; and likewise 
everyone thinks of the common production 
of effervescent sparkling waters which 
are aerated, that is, “airified,” by carbonic- 
acid gas, which is itself set free from 
soda carbonates by means of this same 
oil of vitriol. But there are other illustra- 
tions of the importance of sulphuric acid, 
illustrations which are just as important 
and common but not quite so obvious, un- 
less attention is called directly to them. 

Thus, soda and its compounds until 
recently have been entirely dependent on 
sulphuric acid for their production; and 
when one mentions soda he is uncon- 
sciously suggesting the importance of such 
common things as glass and soap, both of 
which are made from soda or its com- 
pounds. Moreover, many of the other 
acids are made by the use of sulphuric 
acid. Nitric acid is made by the action 
of sulphuric acid on certain nitrates, and 
hydrochloric acid is made by the action 
of sulphuric acid on common salt. Vast 
quantities of sulphuric acid are used in 
the purification of crude petroleum, and in 
manufacturing therefrom the various 
kinds and grades of burning, cleaning, 
illuminating and friction oils. Further, 
large quantities of the waste “sludge acid” 
from the purification of crude petroleum 
and also large quantities of fresh sulphuric 
acid are used in the treatment of crude 
phosphate rock in order to change into 
a soluble form the insoluble phosphoric 
acid so that it can be made soluble for 
use as fertilizer. These lessons are not 
primarily written for students of farming, 
but it is interesting to know that the three 
chief ingredients of fertilizers are phos- 
phoric acid, potash and nitrogen in some 
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form; and thus we see that one of the 
three, phosphoric acid as fertilizer, is de- 
pendent on sulphuric acid. 


IMPORTANCE OF SULPHURIC ACID 


Indeed, the manufacture of sulphuric 
‘acid is so important that nothing else in 
the whole field of chemistry can be com- 
pared to it, except the manufacture of its 
opposite and contrasted mate, soda and its 
compounds, always excepting of course, 
the chemistry of fire and combustion. 

There are immense quantities of sul- 
phuric acid locked up in union with lime 
in the form of calcium sulphate, or gyp- 
sum; and yet, strange to say, we have 
not discovered any cheap and easy method 
for obtaining sulphuric acid from gyp- 
sum. Instead of this we are practically 
dependent for the manufacture of sul- 
phuric acid on the burning of native sul- 
phur or brimstone, or from the burning 
of sulphur contained in iron pyrites and 
copper pyrites. Formerly most of the 
sulphur used in the preparation of sul- 
phuric acid was obtained from Sicily; but 
a few years ago it was discovered, ac- 
cidentally, in boring for oil and water 
in Louisiana, that vast deposits of sul- 
phur are to be found only a few hundred 
feet from the surface. Later on we will 
consider these sulphur deposits, but at 
present we will keep our attention fixed 
on the manufacture, the properties and the 
uses of the king of chemicals, sulphuric 
acid. 

In the burning of pyrites, and par- 
ticularly in the smelting of copper ores 
associated with pyrites, vast quantities of 
sulphur are burned off, and formerly the 
sulphur dioxide (two-oxide, SO.) was 
wasted. In the far West, where the 
freight rates prohibit the manufacture and 
cheap shipping of such a common com- 
modity as sulphuric acid, the sulphur 
fumes from the roasting of pyrites are 
wasted by the hundred of tons every 
day. At the great smelters at Anaconda, 
Montana, where the low-grade copper 
ores are mixed with much iron pyrites, 
sulphur is thrown off into the air by im- 
mense chimney stacks in such quantities 
that it is safely estimated that enough 
of this material is wasted every day to 
make some two thousand or more tons 
of sulphuric acid; and yet this neces- 
sary waste goes on, in tantalizing regu- 
larity, because it would not pay to save 
the sulphur for making sulphuric acid 
for which there would be no market. 
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But in some of the works on or near 
the eastern coast pyrites are roasted in 
such a manner that the sulphur fume is 
saved for making sulphuric acid to be 
used in manufacturing fertilizer, or for 
any of the other common uses of sulphuric 
acid. 

When the heaps of crude sulphur com- 
pounds of iron are allowed to stand ex- 
posed to the weather, there is formed 
much of common sulphate of iron, or 
“green vitriol;” and when this green 
vitriol is collected and heated in closed 
stills, it gives off its water and sulphuric 
acid in the form of a very concentrated 
and caustic sulphuric acid, called “fum- 
ing” or “Nordhausen” sulphuric acid, 
from the name of a little German town 
where it was made over a_ hundred 
years ago. Afterward a method was dis- 
covered for making sulphuric acid from 
the sulphur fumes, or sulphur dioxide, 
by using the oxygen of the air in con- 
nection with nitric fumes. These nitric 
fumes are a mixture of several of the 
oxides of nitrogen; and in the presence 
of these nitric fumes, with the oxygen 
of the air, the sulphur dioxide goes over 
to the sulphur trioxide (SOs sulphur 
three-oxide), or sulphuric form. Later 
I will show just how the nitric fumes, 
“N:Os,” help the oxygen of the air to 
make sulphuric acid out of water and 
the sulphur dioxide (sulphur two-oxide, 
SO.). 

When sulphur burns in the air, most 
of it goes to the SO,, or sulphur two- 
oxide stage, only 1 or 2 per cent. of the 
whole going on to the sulphuric or SOs 
stage (sulphur three-oxide stage). In 
the presence of the nitric fumes, and 
with just the right amount of water or 
steam present, all of the sulphur goes over 
from the sulphurous or SO: stage to the 
sulphuric or SOs stage. The SO; or sul- 
phuric stage is practically sulphuric acid, 
for sulphur three-oxide is the anhydride 
of sulphuric acid. 

In this way sulphuric acid has been 
made so cheap for many years that in 
recent times the price of the crude acid 
is not far from a cent a pound. That 
means that the acid must be used near 
its place of manufacture, for such a cheap 
product will not stand the tax of distant 
and expensive carrying. Therefore, we 
will usually find a sulphuric-acid plant 
placed near the factory where it is to be 
used, in purifying crude petroleum, in 
making fertilizer, in making soda by the 
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old Leblanc process, or in any of the 
other more important ways. 

In this way it has come about, natural- 
ly, that chemical manufacture has built 
itself up and around the making of 
sulphuric acid. That is why we rightly 
call sulphuric acid the king of chemicals. 
Not to mention fertilizer and 
petroleum, or the other acids which are 
made from sulphuric acid, also note that 
the chemical opposite, soda and its com- 
pounds (the carbonate, the bicarbonate 
and caustic soda or sodium hydroxide), 
are the chemical opposites of and 
made by the use of sulphuric acid, Noting 
all this, one is rightly glad to yield the 
leadership to sulphuric acid. Of course, 
in modern times the immense production 
of “sulphuric pulp,” in| making common 
paper from the softer woods, has come 
to be an industry which is almost. in- 
credibly great in its figures, and here 
we find that the sulphurous oxide, SOs, 


refined 
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or sulphur dioxide or two-oxide, is the 
active agent in softening the wood fiber; 
but great as this is, it is secondary to the 
larger use of sulphuric acid directly and 
indirectly. 


Wuart 

But it is time to study sulphuric acid 
for itself. Note, first, that it is a heavy, 
oily liquid—‘“oil of vitriol,” because it 
was first made by distilling green vitriol, 
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or sulphate of iron, This sulphuric acid 
is a very harsh, corrosive liquid. One 
cannot touch it with anything which con- 
tains any water or the ingredients of 
water, without seeing the sulphuric acid 
take hold of it like a thirsty wild beast. 

Drop a little on common white pine 
or other soft white wood and you will 
note the inky spots where the acid takes 
the ingredients of water out of the wood. 

Moreover, when the concentrated sul- 
phuric acid takes hold of water, there 
is some sort of chemical union between 
the strong acid and the water; for much 
heat is developed. To show this, pour 
about an inch of water into a test tube, 
and then on this, carefully, about as much 
more of the strong acid. You can scarce- 
ly hold the tube, at the lower part, in the 
unprotected hand, such is the heat de- 
veloped. Remember the rule which has 
been given several times as to mixing 
sulphuric acid and water, to the effect 
that the acid should always be poured 
into the water, never the water into the 
acid. If you stop and think of this, 
you will see the reason why this is so. 
Water boils at 212 degrees Fahrenheit 
(100 degrees Celsius or Centrigrade) and 
sulphuric acid boils at a much _ higher 
temperature, nearly up to the melting of 
common solder. Consequently, if the 
water is poured on the acid, so much heat 
is let loose by the first drops of water 
that the acid is warmed up at once, and 
the next drops are liable to be driven 
off into steam, as the acid gets at it; at 
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any rate an explosive shooting-out of the 
water and acid occurs. 

But if the acid is poured into the water, 
it mixes evenly with the water and, al- 
though the temperature rises quite high, 
the results act as though the water were 
a part of the acid, which is not far from 
the truth, 
or concentrated acid and dilute acid is so 
marked that the acid is often used in tak- 
ing water out of things. Common alcohol 
can be turned into ether by distilling the 
two together, and the resulting ether is 
still popularly called “sulphuric ether ;” 
not that ether contains any sulphuric acid, 
but simply that it is made from alcohol 
by the dehydrating or “water-subtracting” 


action of the strong acid. This difference 
between the concentrated and the dilute 
acid is so marked that it is now said, and 
quite truly, that sulphuric acid is not real- 
ly an acid until it is diluted with water. 
What is meant by this is shown best by 
an experiment. Take a strip of zinc, say 
half an inch wide and three inches long, 
and slip it down into a clean and dry 
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EXPERIMENT WITH DILUTE SULPHURIC ACID 
test tube. Then pour over it about an 
inch of strong sulphuric acid. If you 
have never done this before you will be 
surprised to see but little action of the 
metal and acid on each other. But now, 
cautiously, break the rule just given (as 
to never pouring water on strong sul- 
phuric acid) and you will note that, as 
you carefully pour on enough water to di- 
lute the acid to, say, one part in four 
or five of water, the action between the 
metal and the acid will begin vigorously. 
You want to study this experiment and do 
some thinking with it. It used to be said 
that the first action of the acid on the 
metal is to make sulphate of zinc, and 
that then the action stops until some 
water is added to dissolve off this zinc 
sulphate so that more acid can get at the 
zinc. But that is hardly the way to look 
at it, for much more than this is happen- 
ing. 

Ditute SutpHuric Acip AN ELECTRICAL 
ConDuCTOR 


You will remember that it has been 
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stated that acids are salts of hydrogen. 
Now the action of zine on dilute sulphuric 
acid is to displace the hydrogen from 
the acid. But if the zine cannot do this 
from the strong and concentrated acid, 
evidently the hydrogen is not ready to be 
set free from the concentrated acid as it 
is ready to be set free from the dilute 
acid. This is what happens. 
The action of the 
acid is to unlock, in some strange way, 
the hydrogen so that it is ready to be 
thrown off by the zinc. This difference 
the locked and unlocked 
of the hydrogen in the sulphuric acid is 
the fact that 
phuriec acid is not a good conductor of 
electricity, while dilute sulphuric acid is 
an excellent This is 
by the following experiment: 


precisely 


the water on strong 


between states 


also shown by strong sul 


conductor, shown 

1 will suppose that you have a common 
electric light in your boiler room, with 
direct Arrange your tumbler 
electric battery cell, as shown in the il 
lustration, but with both poles made ot 
copper. Connect one pole to the lead 
from the current supply, and 
wire to a common lamp, using 
the lamp as a resistance. No more cur 
rent can the tumbler elec 
trolytic cell than can go through the lamp, 
so you are safe there. 


current, 


ing wire 
the other 


go through 


Having all ready, 
as shown in the illustration, pour about 
an inch of strong acid into the tumbler 
with the copper poles. You will note that 
but little current will flow and the proof 
is that the electric lamp will give out 
hardly any light. But replace the strong 
sulphuric acid by several inches of dilute 
acid and at once the electric lamp will 
light up, because the dilute acid is a good 
conductor of electricity. If you watch 
to see at which of the two copper poles 
the hydrogen off, you can _ tell 
which is the anode or in-going pole and 
which the out-going 
Remember that hydrogen will come off 
from the cathode in the electrolytic cell, 
because the hydrogen, being the metallic 
element, goes with the positive current. 

Some gas will come off from both poles, 
but the hydrogen is twice as great in 
volume as the oxygen; and so it is easy 
to decide which is the cathode or out-go 
ing pole of the current. In this way one 
can tell the direction of the direct current 
which is supplying his light. Of course 
one can use the small battery of the zinc 
copper couple, described in a_ previous 
lesson; but that is rather a weak current 
with which to get satisfactory results. 
Still, one can do much good work even 
with weak currents. 

Just why the concentrated sulphuric 
acid does not readily conduct electricity 
and why the dilute acid does conduct it 
are interesting questions. Broadly, it may 
be said that this difference between con- 
centrated and dilute sulphuric acid is one 
of the main points in the modern theory 
of solution. It is evident that adding 


comes 


cathode or pole. 


water to dilute the strong acid does some- 




















June 1, 1909 


thing to the hydrogen so that it can be 
released from the sulphuric acid, either 
by the zine, or by the electric current. 
Phis quality or condition of the dilute sul- 
phuric acid, as contrasted with the con- 
called 


and that word means just what you have 


centrated acid, is “dissociation ;” 
noted in the ready release of the hydro- 
ven from the sulphuric acid by either the 
the The 
acts as though it were in some way separ- 
ated or dissociated into its active parts. 
rhe parts of 
hydrogen in sulphuric acid, HLSO,., make 
parts on side. To what 
the other of sulphuric acid, 
just write out the formulas of several of 
the sulphates or salts of sulphuric acid 
with several of the metals, and note what 
is common to all of the sulphates. You 
will find that the imaginary group, “sul- 
SO,, is found both in sulphuric 


vine or electric current. acid 


two atoms or combining 


the one find 


are parts 


phion,” 
acid itself, and in each of its sulphates, 
thus: Sulphuric acid itself is He—SO,; 
blue vitriol, or sulphate of copper, is 


Cu—SO,; green vitriol, or sulphate of 
iron, is Fe+SOy; white vitriol or 
zine sulphate, is Zn—SO,; gypsum, or 


calcium sulphate, is Ca—SQO,; glauber’s 
sulphate, is Naz—SQO,; 
magnesium sulphate, is 


sodium 
salt, or 


salt, or 
epsom 
Meg—SQO,; and so on. 


WATER 


In all of these salts there is more or 
less of “water of crystallization;” but I 
have neglected that part of the formulas, 
to keep the attention fixed on the simple 
form of the salts in question; and you will 
that in every case there is the 
imaginary group, SO,, sulphion, which 
runs through all of the sulphates or salts 
of sulphuric acid. Evidently this 
phion group is the other part of sulphuric 
acid which remains when it is separated 
or dissociated into its active chemical or 
electrical parts by simple dilution with 
water. I shall have more to say 
about this peculiar action of water from 
time to time; but it should be noted here 


PecuLiarR ACTION OF 


note 


sul- 


much 


that while the old chemistry used to say 
that when an acid and a base act upon 
each other a salt is formed, and water is 
the side product, modern chemistry says 
that when an acid and a base act upon 
each other water is formed and the re- 
spective salt is the side product. This is 
only one way of saying over again, what 
has already been noted, namely, that we 
under the conditions of a water 
chemistry. It is water that acts 
common chemicals, waking them up to 
life and quick response to mutual ex- 
We shall find that dilute solu- 
tions of acids, bases and salts make the 
common field of active chemical reaction 
and of quick electrical conductivity. 

But we are studying the chemistry of 
sulphur in particular; and before closing 
this chapter, let us look for a moment at 
the accompanying plain oxidation table 


live 
upon 


change. 
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Note that on the left-hand, 
or reduced end, comes hydrogen sulphide ; 


of sulphur. 


then sulphur itself; then sulphur dioxide, 
S( ds 
anhydride, because it is the anhydride of 
sulphurous acid) ; and, lastly, sulphur tri- 
SOs (sulphur the 
anhydride of sulphuric acid, and sulphuric 
acid itself, H.SOs,. 

Here it is well for us to note that salts 
are usually named from the acid which 
makes them, giving the salt the ending 
“ate” aif the the ends in 
“ic,” and giving the salt the ending “ite” 
if the the acid 
Thus acid 


(sulphur two-oxide, or sulphurous 


oxide, three-oxide ) 


name of acid 


ends in “ous.” 
sulphates ; 
from 


phosphoric acid comes a phosphate; from 


name of 
sulphuric 
nitric 


forms 


from acid comes a_ nitrate; 
oxalic acid comes an oxalate; from acetic 
silicic acid 

Similarly 
from the “ous” acids, come the salts end- 
ing in “ite.” 
the sulphites; nitrous acid, the nitrites; 


acid comes an acetate; from 


comes a. silicate, and so on. 
Thus sulphurous acid makes 


phosphorous acid, the phosphites; and so 
It will be easily remembered that 
the “ous” acids and their salts, the “ites,” 


on. 


are in a relatively lower state of oxida- 
tion than the “ic” acids, and their salts, 
the Sulphurous acid and the sul- 
phites are in a lower state of oxidation 
than the sulphates and sulphuric acid. 

If there were such a thing as “car- 
acid, it would form the “car- 
just as the more highly ox- 


“ates.” 


* 
bonous 


bonites ;” 


idized carbonic acid makes carbonates. 
As a matter of fact, real “carbonous” 
acid is well known, only it happens to be 
called formic acid, and makes the 


formates, as you will find by looking at 
the oxidation tables of carbon in a previ- 
All this naming of acids and 
salts is a part of what is called chemical 
nomenclature, the long-name-ology of 
chemistry ; and it will repay one to master 
the simple rules here given in naming 


ous lesson, 


common salts, for it is part of the system 
in general use. The only common excep- 
tion to the naming of salts from acids is 
found in the names of such a thing as 
common salt, NaCl, which is made from 
common hydrochloric acid or muriatic 
acid. Common salt, NaCl, sodium chloride 
and hydrochloric acid, HCl, or hydrogen 
chloride, are so-called because they are 
made up of two things, and two-thing 
compounds (or binary compounds) are 
given names which end in “ide,” as the 
chlorides, the oxides, the sulphides, the 
nitrides, and so on. Thus, hydrobromic 
acid, HBr, hydrogen bromide, makes the 
bromides, as bromide, KBr 
(kalium is the chemical Latin for potas- 
sium, the alkali metal). This careful use 
of names is only giving one many delicate 
mental forceps for picking up and hand- 
ling nicely many valuable chemical facts. 
One handles potatoes with a potato dig- 
ger; but one picks up diamonds with fine 
pincers; so you are assembling your kit 
of chemical tools for much good work 
which will be to your later and practical 


potassium 
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advantage. But just put in a few minutes 
with that table of sulphur compounds ; 
it will be needed in treating this wonder- 
ful subject of sulphur, which is only a 
part of chemistry, the finest subject in 
the world, 

TABLE OF SULPHUR COMPOUNDS. 


Repucep Enp. Oxipizep END. 


25. S, or Sy. SO,. SOs. 
Hydrogen Gaseous Dioxide Trioxide 
sulphide Sulphur Sulphurous Sulphuric 

The — Anhydride Anhydride 
sulphides Liquid - _— 
Amorphous  H,SO, H,S0O, 
Crystalline Sulphurous Sulphurie 
acid acid 
Sulphites  Sulphates 


Fallacious Reasoning 





By C. M. Riprey 





Will one kind of coal with 12,000 B.t.u. 
per pound evaporate 20 per cent. more 
water than another kind of coal contain- 
ing 10,000 B.t.u., per pound? At first 
glance many of us might be inclined to 
Say yes to this question, 
fallacy to reason that as it takes heat 
and the B.t.u. is a 
measure of heat, therefore the more B.t.u. 
per pound of coal the more water will be 
evaporated proportionally. 


But it is a 


tq evaporate water 


WHERE THE FAa.tacy Is 
The weak point in the argument is that 
while the B.t.u. is an exact measure of 
the heat in the coal, it is not an exact 
measure, by any means, of the heat that 


can be put into the water. Obviously, the 


difference between total heat and useful 
heat is boiler efficiency. And right here 
comes in a question that is not often 


asked: “Does the efficiency of any cer- 
tain boiler change as the type of fuel is 
changed ?” 

‘The answer to this question is that 
the efficiency of a boiler does change and 
can be 20 per cent. different in the same 
day, with the same wind prevailing and 
the same conditions existing in the draft, 
dampers, door openings, depth and care of 
fire, ete. 


Whuy Borer Erriciencies CHANGE 
The heating value which goes up the 
stack consists partly of unconsumed gases. 


Bituminous coal much 


has a 
percentage of volatile matter than any 
other solid fuel in common use. This 
volatile matter, called the “volatile hydro- 
carbons,” is from 20 to 40 per cent. of 
the weight of the coal. 


larger 


As soon as coal 


is fired, the volatile matter begins to 
separate itself from the coal and _ start 


toward the stack. Since anthracite has on 
the average from one-sixth to one-tenth as 
much volatile matter as bituminous coal, 
it at once apparent that the 
chance of unconsumed gases going up the 
stack from bituminous coal is six to ten 
times greater than if anthracite were used. 

It is for this reason that it is difficult to 
get more than 60 or 65 per cent. boiler 


becomes 
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efficiency with bituminous coal, although 
anthracite carefully fired can easily give 
from 70 to 80 per cent. boiler efficiency. 
The fixed carbon in both cases has little 
tendency to do anything besides stay 
on the grate bars until perfectly con- 
sumed. We can see therefore one of the 
great advantages in burning coke, since 
coke has no volatile matter and runs 
about 92 per cent. fixed carbon. The fol- 
lowing analyses of different fuels will 
show the variations in the combinations 
between fixed carbon and the volatile 
hydrocarbon of four different fuels, and 
also their B.t.u. per pound: 
CHEMICAL ANALYSES OF 
DIFFERENT FUELS. 
Anthra- Buck- 


Bituminous. cite. wheat. Coke. 
Fixed car 60% se 76.92% 92.38% 
Vol. H.C. 32 3.98% 1.05% 
a. - .-- 8t010% 11.23% 16.62% 7.21% 
ea 


units, 
B.t.u..11,0Q0 to 14,500 12,000 11,000 13,500 


It would not necessarily be true for a 
fuel salesman to say: “I am selling a 
low-grade fuel which costs only a little 
more than half as much as buckwheat, 
and but little more than a third as much 
as a larger size anthracite. You get in 
my fuel 20 per cent. more B.t.u. for a 
dollar than in the kind of fuel you are 
now burning. Therefore you can ex- 
pect a reduction of 20 per cent. in your 
fuel bill.” 

The shrewd engineer, before accepting 
this statement as true, will inquire: “What 
are the percentages of fixed carbon, 
volatile matter and ash in this fuel?” This 
is a very pointed question, and when we 
realize that the losses up the stack in- 
crease rapidly as the volatile matter in the 
fuel increases over 20 per cent., we can 
see readily that the heat units in a fuel 
are not a true measure of the usefulness 
of that fuel. Bi 

The error of this method of judging 
fuel can be corrected approximately by 
estimating what the efficiency of the boil- 
er would probably be. The foregoing 
figures regarding boiler efficiency show a 
possible error, which can be stated as fol- 
lows: Bituminous coal with 32 per cent. 
volatile matter, as compared with anthra- 
cite containing 4 per cent. volatile mat- 
ter, gives approximately 20 per cent. lower 
boiler efficiency. 

The advocates of elaborate tests of the 
B.t.u. in samples of coal should bear in 
mind that the item of boiler efficiency is 
to be reckoned with. In the same gen- 
eral types of coal the B.t.u. value is a fair 
judge of the evaporating value of the coal. 
But in comparing fuels of an entirely dif- 
ferent nature, the discussion of the heat 
unit per pound is valuable only when 
taken in conjunction with boiler efficiency 
and proportion of volatile matter, ash, 
etc. 


In a recent interview on this subject, 
Percival Robert Moses, consulting en- 
gineer, said: 

“IT have appreciated this fact for some 








years, and in the capacity of advisory 
engineer have recommended the use of 
those fuels which are low in the percent- 
age of volatile hydrocarbons. The extent 
to which high boiler efficiency shows up 
on the cost record is amazing. We have 
frequently, working in conjunction with 
the chief engineer of a power plant, re- 
placed a fuel costing $4.10 per ton with a 
different fuel costing $2.08 per ton. The 
surprising part is that with a theoretical 
difference of 2000 B.t.u. per pound in 
favor of the more expensive fuel, the 
month’s consumption of the lower-grade 
fuel would show the same number of 
tons as when the expensive fuel was used. 
Since cheap steam is the foundation of 
power-plant economy, the savings effected 
have sometimes been remarkable.” 





Two Interesting Boiler Accidents 





While inspecting and applying hydro- 
static pressure to several small vertical 
boilers connected to hoisting engines op- 
erating on Devonshire street, Boston, 
Mass., the inspector’s attention was called 
to a leak at one of the rivets in the lap 
seam of one of the boilers which had 
not been examined. Apparently the rivet 
had been calked several times without 
stopping the leak. 

The working pressure carried was ir- 
regular, varying from that which would 
operate the engine under light loads to 
90 pounds, at which point the safety valve 
prevented farther rise of pressure. Hy- 
drostatic pressure was applied and at 93 
pounds pressure, with a light snap, a crack 
about 2 feet long appeared in the over- 
lapping sheet along the edge of the row 
of rivet heads. See Fig. 1. 

This form of crack is exactly what 
would be expected if two sheets of metal 
were joined with a lap-riveted seam and 
then subjected to repeated bendings back 
and forth until one of the sheets cracked. 
In the nature of the case it would not 
fail anywhere else. 

A course in a boiler with a lap seam 
cannot be round and the pressure of 
steam tends to make it round. When 
the pressure is lowered or removed, the 
course tends to return to its original 
shape, and it is this bending, or breathing 
as it is sometimes called, that makes 
the lap seam an unsafe joint in boiler 
construction. 

In the boiler room of the American 
Wringer Company, Woonsocket, R. I, 
on Sunday, September 27, 1908, at about 
6 p.m., while steam was being raised in 
a boiler which had been out of service 
for some days for cleaning and minor 
repairs, the attention of the engineer was 
called to escaping steam near the rear 
end. Examination showed that it was 
coming from the longitudinal seam in the 
end course. 
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Pressure on the boiler, which had 
reached 85 pounds, was reduced as rapidly, 
as possible and an examination made. 
This point was of butt double-strap treble 
riveted construction and failed by crack- 
ing through the outer row of rivet holes, 
and it is believed to be the only failure 
of this nature that ever occurred in a 
butt and strap seam. 

Inspection showed that the cause of 
the failure was not difficult to locate and 
could with certainty have been predicted 
from the beginning had the conditions 
been known. The boiler was not round 
and at the joint the curvature of the sheet 
departed 5/16 of an inch from the circle 
to which it should have conformed. 

THe boiler was of the horizontal tubular 
type, 17 feet 4 inches long. The inside 
diameter of the outside course was 72. 
inches ; thickness of shell plates, 0.45 inch; 
thickness of heads, 0.5 inch. There were 
132 three-inch tubes, 16 feet long, and 
six 14-inch through stays of iron upset 
to 134 inches where threaded, passing 
through channel-iron bars on the heads 
with nuts inside and out. Stamps found 
on the rear course in which the crack de- 
veloped gave the name of the manufac- 
turer and stated that the firebox had a 
tensile strength of 60,000 pounds. The 
type of longitudinal joint was butt and 
double strap, the inside strap 
wider than the outside strap. The 
riveting was triple, the pitch of rivets 
on the rear and middle courses being 
3% and 634 inches; on the front 
course it was 3% and 6% inches. The 
size of the rivet holes was 15/16 inch. 
The efficiency of the joint was 85.5 per 
cent. on the front course and 86.1 per 
cent. on the other courses. The safe work- 
ing pressure, using a factor of safety of 
4.5 and a tensile strength of 60,000 pounds 
would have been 1418 pounds. Using 
55,100 pounds, the actual tensile strength, 
the safe working pressure would have 
been 130 pounds. 

The result of physical tests and chemi- 
cal analysis made on test specimens cut 
from the shell plate in the immediate 
vicinity of the cracked section and in a 
girth-wise direction showed a. tensile 
strength of 55,100 pounds, the elastic 
limit being 35,300 pounds per square inch. 
The elongation in 8 inches was 23 per 
cent. The appearance of the fracture of 
the test piece after breaking was silky. 
The chemical analysis was as follows: 
Manganese 0.65 per cent.; sulphur 0.045 
per cent.; phosphorus 0.033 per cent. 

A strip bent cold closed down upon 
itself without fracture on the outside of 
the bent portion, but ‘developed two cracks 
on the inside. A strip heated cherry red 
and quenched in water was bent down upon 
itself and developed no fractures inside 
or out. A templet sawed to a radius of 
353% inches, placed on the rear course 
of the boiler, developed the fact that the 
boiler departed 5/16 of an inch from a 
circle at the joint. A templet was sawed 


being 
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to fit the actual curve of the boiler. The 
templets nailed together giving a graphical 
representation of the difference between 
what the curvature of the boiler should 
have been and what the curvature was. 
An examination of the rivet holes in the 
rear course of the boiler developed the 
fact that the holes had been punched near- 
ly full size; the slight amount of metal, 
taken out by reaming not being sufficient 
to leave the full-size holes fair, this being 
shown by the rivets which were taken out 
of the boiler not being of uniform 
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right of the second rivet hole from the 
rear girth seam and extending through 
seven consecutive rivet holes to a point 
1% inches from the seventh hole, or a 
total distance of 437% inches. Internal 
inspection also disclosed the fact that the 
shell plate on the upper half of the joint, 
on the outside row of 634 inches pitch, 
was also cracked. These cracks, however, 
were not continuous, and were confined 
to the region of the rivet holes, extend- 
ing about I inch each side of three con- 
secutive rivet holes, then skipping a hole. 
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FIG. I 


diameter. 
rivet holes 
moved. 


The burs at the edges of the 

had not entirely 
The distance from the center of 
the rivet holes to the edge of the plate 
was not 1% times the “diameter of the 
rivet hole. 

Internal inspection disclosed the fact 
that the shell plate on the lower half of 
the joint, cracked on the outside 
row of rivet holes, which were pitched 634 
inches apart, as 
crack starting at a point 17¢ inches to the 


been re- 


was 


stated elsewhere, this 


FIG. 2 


The next rivet hole was cracked on one 
side for about 1 the end of 
the crack starting at a point between the 
third and fourth rivet holes, counting 
from the rivet holes in the rear-head 
flange, after skipping one hole, counting 
from the rivet holes in the rear girth 
seam, ending at a point between the 
second and third rivet counting 
from the rear girth seam. 

The crack on the half of the 
joint extended on the outside of the plate 


inch, rear 


holes, 


lower 
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a distance of 29% inches through five 
consecutive rivet holes, starting at a point 
1% inches to the left of the fourth rivet 
hole on the outside row, continuing 
from the rear girth seam and extending 
to a point 1% inches to the right of the 
first rivet hole in the outside row counting 
from the rivet holes in the rear-head 
flange. The third rivet hole, however, 
counting from the rear girth seam had 
two cracks extending from it a distance 
of 1% inches to the right of the hole and 
a crack 1 inch to the left of the hole. 
Adding the length of these two cracks 
to the continuous’ crack of 29% inches 
would make 3134 inches, the length of 
the entire cracked portion as seen from 
the outside of the boiler. Comparing this 
length of 3134 inches with the length of 
the continuous crack of 4376 inches, as 
seen from the inside of the boiler, it will 
readily be seen that the crack started from 
the inside of the boiler and worked its 
way through to the outside. The crack 


as seen from either the inside or out- 
side of the boiler resembles in no way 
the ordinary lap-joint crack. Ordinary 


lap-joint cracks extend in a more or less 
straight line through the solid plate along 
the edge of the rivet heads. 

This boiler was sixteen years old and 
keeping in mind that it was exposed to 
excessive vibration for five years, that a 
cold-bending test resulted in two cracks 
on the inside of the bent portion, that 
the chemical analysis showed an excess 
of manganese, sulphur and phosphorus, 
and that the rear course of the boiler de- 
parted from a true circle 5/16 of an inch 
at the joint, and that the rivet holes had 
been punched almost full size, it would 
seem that the wonder is not that the 
boiler developed these cracks, but that it 
did not develop them before and that a 
disastrous explosion did not occur. Fig. 
2 shows quite clearly the condition of the 
plate. 





In transmitting a list of Nova Scotia 
firms handling steam pumps and machin- 
ery, which is on file in the Bureau of 
Manufactures, Consul-General David F. 
Wilber reports from Halifax as follows: 

The sale of steam pumps in this district 
is largely by catalog, the same being in 
the hands of various machinists and gen- 
eral dealers in such lines. It is my opin- 
ion that if a competent agent were secured 
in this city and supplied with pumps for 
display in his salesrooms the chances for 
increased sales would be better than try- 
ing to sell by catalogs, as is done at 
present. 

Consul-General Wilber further, in for- 
warding a list of firms at Halifax which 
might be interested in the sale of wind- 
mills and pumps, states that from his 
observation in Nova Scotia there is no 
single article which should be in demand 
among the farmers through that Canadian 
province so much as pumps and wind- 
mills. 
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POWER AND THE ENGINEER. 
Uniform Boiler Laws 


Mr. Thomas Durban, of the Erie City 
Iron Works, in an address presented to 
the National Association of Manufac- 
turers, at its meeting in New York re- 
cently, complained of the hardships to 
which the manufacturer of steam boilers 
is subjected by reason of the varying re- 
quirements of the boiler-inspection de- 
partments of different States, and even of 
different cities. “Various States in the 
Union,” he says, “have enacted laws gov- 
erning the matter of steam boilers, stating 
the quality of material to be used, the 
thickness of the material, and the manner 
in which it shall be put together, and in 
no two States are these laws similar, so 
that a general contractor or a general 
manufacturer who finds it necessary to 
locate branch factories in various States 
is confronted by the fact that he must 
have boilers built to conform with the 
variouslawsof the States, and a boiler that 
would fully comply with the requirements 
in New York State could not be used in 
Massachusetts, and one that could be 
used in Massachusetts could not be used 
in Pennsylvania, ‘etc. 

“The detriment of this can be readily 
realized when you take the case of a gen- 
eral contractor building buildings. A man 
may have a hoisting engine working on a 
job in New York. If he bids on a job in 
Boston, he is not allowed to use this en- 
gine in Boston; or he may have a con- 
tract in the City of Harrisburg, Penn., 
and cannot use the same equipment to 
complete a contract in the City of Phila- 
delphia. In order to keep down the cost 
of production most manufacturers bring 
their goods through in duplicate and in 
quantities; in fact, the ability to do this 
distinguishes the manufacturer from the 
builder. This not only appertains to 
stationary boilers and portable boilers 
used in the construction of roads or build- 
ings, but also portable boilers used by 
farmers in general farm work or in 
threshing. A manufacturer of threshing 
machines is compelled to build a differ- 
ent boiler for Massachusetts than he 
builds for Washington, and a different one 
for the State of Washington than the one 
built for Montana. So that the tendency 
is to localize business and to work against 
the manufacturer who is attempting to 
develop a large trade. This is not only 
detrimental to the manufacturer, but is 
equally detrimental to the user or the 
consumer, from the fact that he must 
pay an advanced price for his goods, and 
it greatly delays shipment.” 

The situation pointed out by Mr. Dur- 
ban suggests the necessity of organiza- 
tion and uniformity of practice and re- 
quirements by the boiler inspectors. At 
present comparatively few States and 
cities have boiler-inspection departments, 
but the agitation is ripe and each season 
many bills for the creation of such de- 
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partments are introduced. With their 
multiplication, and without substantial 
agreement among them, the situation of 
the boiler manufacturer might become 
very uncomfortable. 

But the reputable boiler manufacturer 
does not want to build boilers that are 
not safe, and no board of inspectors wants 
to make rules that are unreasonable or 
unnecessarily severe. A boiler that is safe 
in one class of service in one State is as 
‘safe in the same class of service in an- 
other State. The laws of statics are not 
of political origin, and the capacity of 
material to resist rupture knows no geo- 
graphical bounds. Such differences of 
opinion and of practice as exist between 
the various boards should be easily recon- 
cilable and manufacturers would be un- 
likely to oppose whatever restrictions and 
regulations such boards might impose, 
provided they were imposed uniformly 
and all »manufacturers and users were 
treated alike. 





How Much Does It Cost to Clean 
Boilers? 


How much better off would you be if 
you had absolutely pure feed water for 
your boilers, so pure that it would leave 
absolutely nothing behind it when it 
boiled away? 

Our thought deals not so much with 
the decrease of efficiency by reason of the 
presence of scale, grease, etc., as with the 
cost of removing these deposits, and of 
making good the damage which they have 
caused, the loss of the use of the boiler 
during the cleaning and repairing process 
and the increased investment and stand- 
ing charges created by the necessity for 
extra boilers. 

The loss from scale while running is an 
indeterminate and widely variable factor. 
If one has plenty of boiler-heating surface, 
if the ratio of grate to heating surface is 
low and the rate of combustion moderate, 
the fouling of some of the surface to a 
considerable degree, or of all of it to a 
moderate degree, will have little effect 
upon the number of pounds of steam 
made per pound of coal. If, on the other 
hand, the heating surface is worked to its 
capacity and the number of pounds of coal 
burned per square foot of heating surface 
is large any deposition of scale upon that 
surface will have a much more serious 
effect upon the boiler efficiency. When, 
in addition, the influence of the density or 
porosity of the scale is taken into account 
the engineer is inclined to shrug his 
shoulders whe& he sees the frequently 
published statements of the percentage 
effect of various thicknesses of scale upon 
the coal consumption. 

Some interesting figures could be made 
upon the other costs which have been 
mentioned, were the data available. How 
often must a boiler be cleaned? It de- 
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pends, of course, upon the amount and 
character of foreign matter in solution 
or suspended in the feed water, but we 
need actual information for the general 
case, with such particulars as are availa- 
ble of the character of the feed and of 
the means which are resorted to to pre- 
vent scale. How much does it cost to 
clean a boiler of a given type and capa- 
city? How long is it out of service? How 
often are tubes required to be renewed? 
How many fire sheets are burned or 
bulged by the presence of scale or grease? 
Practical information of this kind based 
records of experience would be 
especially desirable for our correspond- 
ence columns and we should be glad to 
have our contributors turn their attention 
in that direction. 


upon 





Place the Blame for Boiler 
Accidents 





In a sawmill out West the boiler ex- 
ploded, killing six men and seriously in- 
juring five others. It is stated that the 
sentiment of the coroner’s jury in the 
case was expressed by the remark of one 
of them, who said: “They are dead, 
anyway, so what is the use of making a 
fuss?” 

It is possible that the responsibility for 
a preventable calamity which either de- 
stroys or mars the life of eleven men, 
and adds to the burden carried by those 
directly connected to them by the various 
ties of human life, may not be placed at 
the door of the mill owners. But it 
should be placed, in a way that cannot be 
misunderstood, where it belongs. It may 
rest on the engineer, on the inspector or 
perhaps on the man who made the boiler. 
But blame there is, for every occurrence 
of this kind. These things happen be- 
cause of the ignorance or cupidity, or 
perhaps both, of some man or some set 
of men, who bring about a condition 
which inevitably results in loss of life 
and the destruction of property. 

That this state of affairs is not neces- 
sary is amply proved by the comparative 
immunity from disastrous boiler explo- 
sions enjoyed by Massachusetts and by 
the city of New York, where intelligent 
construction and inspection are com- 
pulsory. It is a fundamental principle 
in modern civilization that the individual 
has no rights which society is bound to 
respect and the privilege of manufactur- 
ing, installing and operating potentially 
dangerous apparatus has been allowed al- 
together too long. It may not be possible 
entirely to stop boiler explosions, but until 
that day comes when the use of high 
pressure steam for the transmission of 
power shall be unfashionable the manu- 
facture and use of steam boilers should 
be regulated by society and not by in- 
dividuals or groups of individuals with 
no interest beyond the profit arising from 
traffic and use. 
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State Boiler Inspection 


In 1908 there were 470 explosions of 
stationary and portable boilers in the 
United States, a total almost identical 
with the record for 1907, and the number 
of persons killed by explosions was 281, 
as compared with 300 in 1907, 235 in 
1906, 383 in 1905 and 220 in 1904. These 
figures were recently published by the 
Hartford Steam Boiler Inspection and In- 
surance Company. The company’s records 
for the forty years from 1868 to 1907 
show a total of 9550 boiler explosions, 
and the casualties resulting number 1o,- 
555 persons killed and 15,051 injured. This 
means a total of 25,606 persons maimed 
or killed in forty years, an average of 
640 per annum, although in late years the 
annual number has been considerably in 
excess of this average, not to mention an 
enormous property loss. 

These figures show plainly the menace 
to life and property of the high-pressure 
steam boiler, as it is now built and in- 
spected, and indicates the urgent need 
of State legislation. With boilers proper- 
ly built and-carefully inspected, and the 
use of a reasonable amount of care in 
operation, there is little necessity for a 
single explosion, and no occasion what- 
ever for the wholesale number now ap- 
pearing in the annual reports. The lap- 
seam boiler has been the cause of many 
of these explosions, careless inspection has 
added its quota and inferior construction 
in boilers of .the better class has aug- 
mented the total. 

Bearing in mind that it is possible to 
operate a boiler with immunity, provided 
it is properly designed and constructed 
and is subject to a systematic and care- 
ful inspection, it is surprising that the 
subject of boiler explosions has not been 
given more general attention. Only five 
States have considered this annual de- 
struction of life and property of enough 
importance to enact legislation providing 
for State inspection of boilers and regu- 
lation of their manufacture. Other States 
have given their municipalities the priv- 
ilege of passing and enforcing ordinances, 
but legislation along this line is not uni- 
form even in cities of the same State, 
and in most of the smaller towns it has 
been entirely neglected. 

If this same number of people were 
killed and injured in one State, there 
would undoubtedly be legislation, and if 
limited to one city such disaster would 
be deemed appalling. Its effect would be 
far-reaching, and every State in the 
country would undobutedly inspect the 
manufacture and operation of its boilers. 
When the matter is seriously considered, 
is there really any difference? The 300 
lives are lost annually, and twice this 
number injured, and does it matter 
whether the unfortunates all live in one 
city or in one State, or are distributed 
throughout the country? In time of war, 
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when 300 men are killed so many soldiers 
are lost to the country; and the loss is 
just as great and of as much: importance 
whether the entire number come from 
New York State or are equally divided 
among the forty-six States of the Union. 
In a similar way should the annual loss 
of 300 lives from boiler explosions be 
regarded. Each State should assume its 
share of the responsibility and contribute 
to the general welfare of the country by 
preventing a needless waste of life and 
property within its borders. 





Keeping Power Plant Records 





One of the important factors in the 
cost of power-plant operation after fuel 
and labor expenses are figured, is the cost 
of maintenance. In order to know just 
what a plant is doing it is essential to keep 
an accurate record of the repair work. 
This is not difficult if the proper entries 
on the log sheet or in the engineer’s note- 
book are made as soon as possible after 
the different jobs are finished. It often 
happens that the operating engineer is 
not informed what the different repairs 
cost. He is certainly entitled to know, if 
he is required to figure out the cost of 
power at regular intervals; but even if 
the actual costs are withheld through 
thoughtlessness or other cause, it is de- 
cidedly worth while to keep a record of 
the important repair items. 

In one plant the cost of power production 
at the direct-current busbars per kilowatt- 
hour was 1.88 cents, for a recent month, 
as compared with 1.59 cents the previous 
month. The manager of the company 
naturally looked into the cause with the 
chief engineer. Incidentally, the cost had 
been figured in the company’s offices by 
clerks out of touch with the operating 
situation. The chief engineer knew that 
he had used about one-sixth of a pound 
of coal per kilowatt-hour more in the 
second month, and also that the cost of 
coal per ton at the plant was 15 cents 
less than in the month when the total ex- 
pense was lower. The labor cost ran 
about 0.2 cent higher per kilowatt-hour in 
the second month, on account of a con- 
siderable reduction in the station load. 
The difference, as proved by the notes 
of the chief engineer, was largely due 
to an improvement in the station which 
had been charged up to operation by the 
bookkeeping department. 

This improvement was the tearing out 
of all the wiring bearing on the lighting 
service and the replacement of the old 
system of by a_ higher- 
powered installation having much greater 
operating convenience. 


incandescents 


That the engineer 
was able to look over his notes of daily 
happenings made it easy for him to put 
his finger on the exact causes of cost vari- 
ation, and clear himself. 
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Power Plant Machinery and Appliances 


Original Descriptions 
No Manufacturers’ 


Cuts 
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Devices 


Used 





The New Class E American 
Stoker 





The latest design of underfeed stoker 
is the “New American Stoker, Class E,” 
of the American Stoker Company, I1 
Broadway, New York City. It is so de- 
signed that no working part is in contact 


MUST BE NEW OR 





to the sides of the furnace by the moving 
bars, shown in Fig. 2, which keep it con- 
stantly on the move toward the dumping 
trays along each side wall, where the 
clinkers and ashes are deposited. By 
means of levers on the outside these 
dumping trays can be actuated to dis- 
charge the ash and clinker automatical- 
ly. The sliding bottom is actuated by a 
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FIG. I. 


with fire, thereby eliminating the danger 
of burnt parts. 

This stoker is built on an oscillating- 
bottom principle, the feeding trough be- 
ing in constant motion, gradually feeding 
coal to the fire above. While the coal 
is never allowed to settle in this trough, 
it cannot be driven in chunks or masses 
into the fire, even in the case of over- 
loading. 

The furnace doors, grate bars, etc., are 
air-cooled, while the air for combustion is 
heated before its introduction to the com- 
bustion chamber. Every other grate bar 
is hollow, a current of air constantly pass- 
ing through to the coal trough, at which 
point it is mixed with the gases which 
have been liberated from the coal, while 
between alternate bars there are spaces 
through which air is forced from the 
ashpit below. 

The operation of the stoker is as fol- 
lows: The fuel may be conveyed to the 
hopper either by coal-conveying machinery 
or by hand labor, and from the hopper it is 
carried under the fire by means of the 


reciprocating slidirz bottom. As the coal 


rises from the trough, it is distributed 


FRONT VIEW OF “AMERICAN CLASS E” STOKER 


INTERESTING 





The movement of the piston of the cy! 
inder C, Fig. 3, is transmitted directly 
through the piston rod to the crosshead D, 
which is bolted to the sliding bottom E 
As the block B has the same movement as 
D and E, the coal is fed by it from the 
bottom of the hopper A onto the sliding 
bottom E, which not only carries it to the 
back end of the furnace but forces it to 
rise the full length of the trough. As 
the coal rises in the trough or coking 
retort, it is flooded onto the grate bars F, 
which are alternately moving and fixed 
bars, the moving bars working transverse- 
ly to the retort, the extent of the move- 
ment being from % to 1 inch, depending 
upon the size of the furnace. 

On the bottom of each moving bar are 
cast two lugs which engage with a bulb 
of the longitudinal rocking bars H, Fig. 
4. These rocking bars in turn receive 
their movement through the agency of 
two spirals and nuts, which mechanism 
is entirely outside the furnace. The nuts 
are bolted to the crosshead D and re- 
ciprocate with the bottom &, the recip- 
rocation of the nuts causing the spirals 
to rock to and fro. 

The movement of the grate, in addi- 
tion to carrying the burning fuel to the 
sides of the furnace, also conveys the 
clinker down and deposits it on the 




















FIG. 2. SHOWING GRATE SETTING IN “AMERICAN CLASS E” STOKER 


steam motor, shown in Fig. 1, the num- 
ber of strokes of which may be varied 
from I in three minutes to 15 in one 
minute, and as each stoker is said to carry 
into the furnace about six pounds of coal, 
it will be seen that the rate of feed. has a 
wide range of adjustment. 





plates K, which are fastened to the hinge 
bars L. These hinge bars are actuated by 
levers conveniently placed outside of the 
furnace for dumping the accumulation of 
ash and clinker on the plates K when 
necessary. 

One of the important features of the 
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stoker is the distribution of the air which 
enters the stoker through the aperture N, 
Fig. 3, which is covered by the wind 
gate O. This wind gate is adjustable by 
a crank P at the outer end of the furnace. 
The air upon entering the wind box Q 
passes upward along each side of the 
troughs or retorts ard is discharged part- 
ly through the holes R into the retorts. 
The surplus air passes through the bar F 


POWER AND THE ENGINEER. 


the boiler tubes, but as the action of 
dumping and raising them takes but a 
moment, the loss from air passing upward 
into the boiler tubes is so slight that it 
is not necessary to close the wind gate 
O at such time. 

A test sheet was exhibited at the office 
of the company, showing that on coal of 
10,400 B.t.u., showing over 10 per cent. 
of ash, an evaporation of 9 pounds of 





FIG. 3. SECTIONAL VIEW OF “AMERICAN CLASS E” 


which is made hollow, but as the bar has 
no opening in its top surface, no air can 
find its way into the fire above it until 
it has passed through the aperture S$ 
at the bottom end of the bar, from which 
aperture it is discharged into the ash- 
pit. The air then rises and _ passes 
through the small spaces between the 
bars into the coked fuel. 

The air passing through the bars keeps 
them cool and prevents their being burned 
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STOKER 


water from and at 212 degrees Fahren- 
heit was obtained. This coal was stated to 
be practically useless as hand-fired fuel, 
being a mine refuse. Another performance 
sheet was shown in which a coal of 10,816 
B.t.u., with over 9 per cent. of ash, was 
made to produce an evaporation of 9.29 
pounds of steam from and at 212 degrees 
Fahrenheit. Attention was called especial- 
ly to the poor quality of coals used in 
these tests, which were the average for 
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FIG, 4. SHQWING ADDITIONAL OPERATING FEATURES 


out. The heat taken from the bar in this 
Way is said to raise the temperature of the 
air in the ashpit from 350 to 400 degrees 
Fahrenheit. The pressure of the air in 
the wind box Q is said to vary from 4 
inch to 1% inches, and at T from o to 
3 inch. 

When the dumping plates K are let 
down, air will find its way upward among 


the plant at which stokers were installed. 
When it is considered that the average 
performance with good coal is (in or- 
dinary practice on flat grates) about 8 
pounds of water to one pound of coal, 
the attractiveness of these results is 
readily apparent. Especially is this true 
when it is taken into  considera- 
tion that the company claims to be 





989 


able to evaporate as much water from the 
poorest slack coal as can ordinarily be 
obtained from coal costing 50 per cent. 
more per ton than slack coal. 

The company has also perfected a 
marine stoker along very much the same 
lines, which it is to place on the market 
simultaneously with the “Class E.” 

Several governments, including the 
United States, England and Japan, are 
using the “American” stoker. 





Rheostats for Charging Small 
Storage Batteries from 
Lighting Circuits 


For use where a small storage battery 
is maintained, as in gas-engine power 
plants where only direct current at light- 

















TYPE “DB” CHARGING RHEOSTAT 


ing voltage is available, the storage-bat- 
tery rheostat herewith illustrated has been 
brought out by the Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burg, Penn. Some form of adjustable 
resistance must be employed, since the 
voltage at the beginning of the charge 
is less than that required when the bat- 
teries are fully charged, and the maxi- 
mum voltage of the battery is lower than 
the voltage of the available charging cur- 
rent. The voltage applied to the battery 
should be increased gradually from the 
minimum value required at the beginning 
to about 2.7 volts per cell at the end of 
the charge. 

The illustration shows a “Type DB” 
charging rheostat for 40 to 44 cells which 
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is capable of carrying 50 amperes at any 
position of the regulating arm; this type 
of rheostat is also supplied, in the same 
current capacity, to charge 10 to 14 cells 
from a I110- to 120-volt circuit. 

To select a charging rheostat for a 
Ziven service, the circuit voltage, the 
minimum allowable battery voltage and 
the charging current in amperes must be 
known, and these should be specified when 
ordering such a rheostat or inquiring 
about one. The minimum battery volt- 
age is the product of the number of cells 
in series and the volts per cell, usually 2 
volts; in other words, twice the number 
of cells that are connected in series. Al- 
though these rheostats are rated as for 
110 to 120 volts it is possible to use them 
on circuits of higher voltages, provided 
the difference between the minimum bat- 
tery voltage and that of the supply cir- 
cuit does not exceed that which would 
exist with the rated number of cells and 
rated circuit voltage. 

These rheostats are finished in black 
marine on the face plate, the resistance 
conductors are coated with aluminum 
paint, and the supporting frames are 
galvanized. The resistance is of the grid 
type and is rigid, compact and. substantial 
in construction. There are thirteen steps 
of resistance abjustment. 
| 





The Franklin Valve Gear 


_ The increasing demand for higher 
speeds in Corliss engines has led to the 
development by the Hewes & Phillips En- 
gine Company, of Newark, N. J., of a new 
type of releasing gear which handles the 
valves quietly and effectively at speeds as 
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FIG. 2. DIAGRAMS FROM 16x30 HEWES & PHILLIPS ENGINE 
FITTED WITH FRANKLIN VALVE GEAR 


high as two hundred revolutions per 
minute. Its construction will be apparent 
from the accompanying engravings. 

The loose arm A, Fig. 1, is oscillated 
from the wristplate by the usual right- 
and-left connection and carries at its top 
a long bearing B for the liberating latch 
C. The length and stability of this bear- 
ing is well shown in the left-hand view 


of Fig. 1, and is one of the details which 
contributes most to the positive andsmooth 
working of the device. The latch C is 
a bronze bar, practically straight, hollowed 
out for lightness and suspended in such 
a position that gravity enables it to func- 
tion properly even at speeds as high as 
two hundred revolutions per minute with- 
out the aid of the light spring E with 
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I. DETAILS OF THE FRANKLIN VALVE GEAR 
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which it is furnished for additional se- 
curity. 

The latch carries at its extremity the 
antifriction fiber block E which rests upon 
the face of the cutoff cam F, the posi- 
tion of which is determined by the gover- 
nor. When this block rests on the low 
portion of the cam, as shown in Fig. 
I, the latch blocks G G can come into 
engagement as shown and the member 
H, keyed to the valve stem, will be 
carried backward with the arm 4 opening 
the valve. When the fiber block E rides 
up out the high part of the cam, the 
blocks G G are drawn out of engagement 
and the valve is closed by the dashpot. 
If for any reason the valve should not 
close it will be pushed to by the 
faced block J upon the loose arm posi- 
tively moved by the wristplate. 


fiber- 


The sharpness with which the valve 
closes and the excellent manner in which 
the steam line holds up even with a late 
cutoff are shown by the accompanying 
diagrams taken from a 16x30 Hewes & 
Phillips engine fitted with this gear, run- 
ning at 160 revolutions per minute and 
located at the plant of the Newark 
Evening News. The latch blocks G G are 
of hardened steel and square, presenting 
eight working edges each which may be 
used successively by reversing the posi- 
tion of the block. When the latch blocks 
engage, the contact of the latch arm takes 
place upon a fiber block J alongside the 
upper block G, avoiding even the click- 
ing sound which usually accompanies the 
operation of a releasing gear. The cavita- 
tion of the latch enables an oil well of 
considerable capacity to be formed with- 
in it, provision being made by means of 
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ducts to convey the oil stored in lamp- 
wicks, or other fibrous material, to the 
faces of the liberating latches, eliminating 
possibility of wear from lack of lubrica- 
tion. The safety block K on the governor 
cam is so attached, as will be plain from 
the drawing, that no shearing off and 
destruction of the gear could occur from 
a loosening up of its attaching screw. The 
governor cam presents a_ considerable 


gor 
mass to receive the blow of the fiber 
block on the toe of the latch, and the 
thrust upon the governor is extremely 


slight, as may be experienced by handling 
the lever controlling the cutoff upon the 
shop apparatus upon which each gear is 
The 


cess of the design has been attained, in 


tested before being sent out. suc- 
fact, by using mass where it was needed 
and was either stationary or in motion 
at a very moderate velocity in reducing 
the freely moving parts to the lightest 
possible weight and providing them with 
which the 

required maintaining 


bearings permit of limiced 


movement while 


steadiness and freedom from vibration. 





“Bestyet’” Power Pump 


The Lucas Pump Company, Dayton, O., 
recently redesigned its “Bestyet” power 
pump, the principal feature 
double gears in place of the single gear 
formerly used. The illustration shows a 
side view of the pump as now built. The 
main casting supports the two large gears, 
which have long hubs and run loose on 
The 
crank pin connects the two gears and runs 
in a sliding bronze block in the link or 
crosshead. An oil pocket on top of the 
link distributes oil to the block and crank 
pin. The driving pinion is also double, 
to correspond with the gears. An out- 
board-guide bearing is used on the piston 
rod, and an overhanging cylinder is pro- 
vided, with an air chamber on the d'‘s- 
charge side. 


new being 


shafts held in place by set screws. 


The valves are easily acces- 
sible, by removing the valve-cage covers, 
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without disturbing the suction or dis- 
charge connections. 

These pumps, which are designed for 
pressures up to I10 pounds, and capacities 
of 1200, 2200 and 4200 gallons per hour, 
are fitted with rubber valves resting on 
brass seats, with brass stems and springs, 
the latter being wound in a peculiar: man- 
ner for the purpose of maintaining an 
equal tension at all lifts. The pistons are 
of standard construction and fitted with 
square packing. Brass piston rods and 
cylinder linings are furnished when speci- 
fied. 





Casey-Hedges Boiler 


The Casey-Hedges water-tube boiler, 
manufactured by the Casey-Hedges Com- 
pany, Chattanooga, Tenn., is herewith il- 
lustrated. The chief features of this boil- 
er are its simplicity of construction and 
the fact that the superheater may be in- 
stalled without disturbing the setting. 

The boiler consists of one or more 
steam and water drums, having two 
wrought-steel headers or water legs, one 
at each end, each header consisting of a 
handhole plate and a tube plate. The 
water legs are thoroughly braced with 
large, hollow staybolts. The construction 
of the legs is such as to form the strong- 
est part of the boiler. The front water 
leg is 12 inches wide at the bottom, doing 
away with all restricted areas at this 
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ed through the header. It will be noticed 
that the superheater is in the direct path 
of the hottest gas and is so located that 
accumulated soot can be easily cleaned 
from it by steam jets blown through the 
hollow staybolts in the rear header. 
The tubes are divided into two banks, 
an upper and a lower, the upper bank 
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The upper baffle consists of a special V- 
tile, the design of which is such that the 
passage for the gases may be decreased or 
increased to suit the fuel and draft con- 
ditions. 

The circulation is an important feature 
with any boiler. In this type the double 
inclination of the tubes is a feature that 
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I. REAR VIEW OF CASEY-HEDGES 














FIG. 2. CASEY-HEDGES BOILER WITH DUTCH OVEN ATTACHED 


point, thus permitting free circulation of 
steam and water. The rear leg is 10 
inches wide at the top, the lower portion 
being increased to meet the inclination of 
the lower bank of tubes at right angles, 
and forming a large settling chamber at 
this point. 

Fig. 1 is a rear view of a Casey-Hedges 
tube boiler with the superheater connect- 


and the drum being inclined 1 inch to the 
foot and the lower bank being inclined 2 
inches to the foot. The lower tubes be- 
ing the hottest, the inclination here is the 
greatest. This construction permits of a 
large area at the rear of the tubes, allow- 
ing for complete expansion of the gases 
at this point, the area decreasing as it 
reaches the front end, as the gases cool. 


BOILER WITH SUPERHEATER ATTACHED 


allows for a rapid circulation of steam and 
water through the lower bank of tubes. 
The steam outlet is at the front end of 
the boiler and is provided with a dry 
pipe and a deflector or baffle plate which 
should insure dry steam, the steam outlet 
being about three-fourths the diameter of 
the drum away from the water level. 
The downward circulation is through 
the rear leg which swells out to form a 
precipitating chamber for all solids that 
have not been deposited in the mud drum, 


_the blowoff being tapped in the extreme 


bottom of the rear leg, which can be 
drained completely through the blowoff. 
The boiler is constructed entirely of 
open-hearth steel, there being no cast- 
iron parts about the boiler proper. Each 
of the headers or water legs is stayed 
with hollow staybolts arranged so that a 
steam blower can be inserted through 
them and all soot that has collected on the 
tubes and tiling can be blown down into 
the combustion chamber. All cleaning 
may be done while the boiler is in opera- 
tion, without admitting cold air to the 
fittings, which is an important feature. 
In order to clean the interior of the boil- 
er there is provided, opposite the end of 
each tube water leg, a wrought-steel hand- 
hole plate that tightens under internal 
pressure, thus throwing no strain on the 
manhole bolts or arch. The handhole 
covers are easily removed and with a 
hose or tube scraper inserted the scale 
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may be washed into the rear water leg, 
where it can be removed by taking off a 
few of the handhole plates in the bot- 
tom row. It is said that as many as five 
tubes cam be cleaned with one handhole 
opening in the front end. A mud drum 
or sediment chamber, 8 inches in diameter, 
is provided with each boiler, located in the 
top drum. The feed water empties into 
the mud drum and all scale and im- 
purities are deposited in it. 

The blowoff extends from the rear of 
the sediment collector out through the 
rear of the drum, through which the sedi- 
ment can be blown out at intervals. Owing 
to the construction of this boiler no 
cleaning aisles between batteries are nec- 
essary, and any number of boilers can 
be placed in a continuous row, which ad- 
mits of a saving in brickwork. 

"In Fig. 2 is shown one of these water- 
tube boilers arranged with a dutch oven, 
which permits of burning out sawdust, 
bagasse, spent tan bark, etc. 


Storle High Pressure Valve 








The accompanying view illustrates the 
Storle high-pressure valve, manufactured 
by the O. O. Storle Valve Company, 
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STORLE HIGH-PRESSURE VALVE 


Kewaunee, Wis. Its salient feature is 
that it can be opened and closed easily 
under pressure. The valve cone is 
swiveled on the stem, and when the valve 
is opened or closed it leaves or enters 
the seat without turning in it. This prac- 
tically obviates leaks as a result of wear. 

An additional safeguard against leaks 
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is provided in the long cone used in- 
stead of a disk, which would sink deeper 
into the seat should it wear small, and 
thereby continue tight. An accumulation 
of dirt or scale on the cone or the seat 
face is obviously improbable. 





“Autoforce” Air Pump 





A system for automatically ventilating 
engine and boiler rooms, workshops, or 
other places where the air may become 
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SECTIONAL VIEW OF “AUTOFORCE”. 
AIR-PUMP VENTILATOR 


FIG, I. 
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FIG, 2. EXTERIOR VIEW OF “AUTOFORCE” 
AIR-PUMP HOOD 


foul is found in the “Autoforce” ventilat- 
ing system, made by the Natural Auto- 
matic Ventilator Company, 53 Devonshire 
street, Boston, Mass. 

The so-called air pump is connected to 
common piping of suitable size, or proper- 
ly installed air ducts, air shafts or chim- 
ney flues, and forms a natural system of 
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ventilation, it is said. No machinery is 
required to operate it, and it requires no 
attention. Owing to its construction the 
“Autoforce” ventilator is said to create 
a constant unbroken suction flow of air 
upward each hour of the day, and also 
to prevent the possibility of its flowing 
downward. The operation is as follows: 

The air enters at A, Fig. 1, and is spread 
by the point of the inner cone B into a 
conical form in the passage C. Upon 
reaching the outlet at D, the outward rush 
of air from between the inner and outer 
cones causes a partial vacuum in the in- 
terior of the inner cone, and as this 
partial vacuum must be occupied, it pro- 
duces a continuous rush of air up the 
pipe E, as the pull of the air at D prac- 
tically never ceases. The ventilating hood 
is pivoted at F, thus enabling the tail G 
to swing it, keeping the smaller end to- 
ward the wind, regardless of the direc- 
tion from which it blows. 

Fig. 2 is an exterior view of the hood 
as it would appear on the roof of a 
building. 





Conveyer Safety Device 


The accompanying sketch illustrates a 
conveyer safety device desigried by Spen- 
cer & Co., Ltd., of Melksham, England, 
for the Greenwich generating station of 
the London County Council Tramways. 
At the south end of the boiler house, 
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CONVEYER SAFETY DEVICE 


where the conveyer chains descend empty, 
this arrangement was provided to prevent 
the chains and buckets from falling in 
event of breakage. Two continuous ver- 
tical runners are fixed the whole hight of 
the building, and should the chain break 
it can fall only a few inches, as it would 
quickly jam in the runners. 
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Convention of Illinois State 


Association, N. A. S. E. 


This was the fifth annual convention, 
held .at Elgin, Ill., May 14 and 15, and 
was declared to be one of the most suc- 
cessful and enjoyable meetings ever held 
by the State organization. The time was 
well chosen, the place could not be im- 
proved upon and the result was. satis- 
faction all round. Illinois, always famous 
for the relative number of ladies in at- 
terdance, did not disappoint in this re- 
gard, and all told, with delegates, mem- 
friends fully one 
hundred twenty-five persons were 
gathered in hall when E. S. 
Purdy, president of Illinois No. 49, called 
the meeting to order. After prayer by 
Rev. W. Il. Fuller, Mayor W. W. Fehr- 
man spoke a few words of welcome in 
behalf of the city, followed by an eloquent 
C. Joslyn, cor- 
poration counsel, of Elgin. 

W. W. Brooker, of Joliet, president of 
the State association, responded to the 
address of Mr. Joslyn, following which 
R. I. White, superintendent of the Elgin 
schools, talked on “Education,” in which 


bers, and visitors, 
and 


Strauss 


address delivered by F. 


it was shown how important a factor was 
knowledge of this 
country. In responding, John W. Lane, 
editor of National Engineer, pointed out 
that while general knowledge was neces- 
scry to the country, the specific technical 
knowledge of power-plant operation was 
necessary to the engineer of today, es- 
pecially so as the engineering-school 


in the development 
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graduate was beginning to compete with 
the operating engineer on his own stamp- 
ing ground, and hard study was needed 
in order to meet this new competition. 
Winding up the opening exercises was 
the address on “The Relation of the 
Engineering Experiment Station to the 
N. A. S. E.” by K. G. Smith, assistant 
professor of mechanical engineering, 
University of Illinois, Urbana. This was 
listened to with much interest, as_ it 
touched upon points that have not been 
quite clear to engineers. It was shown 


that this institution could be of great bene- 
fit to men operating plants if they would 
take the pains to codperate with it. Mutual 
confidence and helpfulness between the 
experiment station and the N. A. S. E. 
should exist, as both had education for 
their primary object, and while it was 
the function of the university to develop 
discoveries and new methods, it was up 
to the engineer to put them into practice. 
Furthermore, the operating engineer was 
in a position to gather data that the col- 
lege could not possibly get, and .working 
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together should result in great benefit 
to all concerned. Professor Smith con- 
cluded by extending a cordial invitation 
to the State body to meet at the university, 
and promised that every facility necessary 
to a successful meeting would be placed 
at its disposal. 

The afternoon session was consumed in 
discussing means for obtaining a State 
license law and for furthering the educa- 
tional work of the association. Each of 
the fourteen delegates reporting was 
heard from on all topics discussed. In 
addition, many members. who were not 
delegates participated in the meeting and 


offered a number of valuable sugges- 
tions. 
In concluding the session, President 


Brooker spoke regretfully of the recent 
death of J. E. Boyle, No. 11, of Joliet, 
an active member of the association. 

Election of officers resulted in the 
choosing of J. L. Randles, No. 6, of 
Peoria, as president; W. L. Parker, No. 
49, of Elgin, vice-president; and W. E. 
Hill, No. 17, Moline (reélected), secretary 
and treasurer. . Installation of officers was 
by F. W. Raven, national secretary, of 
Chicago. The meeting was then adjourned 
subject to the call of the president. 

Meanwhile the ladies returned from the 
automobile ride with which they had en- 
joyed the afternoon, and all gathered at 
Unity hall, where a chicken-pie supper 
was served by the ladies of the local com- 
mittee. 

In the evening the entertainment was 
somewhat novel. Assembled in Strauss 
hall, the visitors were treated to piano, 
violin and vocal selections by local talent, 
which was well received. Stereoptican 
pictures were shown and music was avail- 
able for those who cared to dance. By 
way of refreshments, peanuts, popcorn, 
apples and lemonade were served and 
everybody was instructed to talk to his 
neighbor and enjoy himself. The success 
of the arrangement proved it to be one 
of the leading features of the entertain- 
ment program. 





D. K. Swartwout, president of the Ohio 
Blower Company, of Cleveland, presented 
a paper, which made a profound impres- 
sion, at the joint meeting of the Ameri- 
can Society of Machinery Manufacturers’ 
Association with the National Supply and 
Machinery Dealers’ Association at Pitts- 
burg recently, dealing with the benefits of 
organization in the sales department. Mr. 
Swartwout was elected a_ vice-president 
of the association. 





The May meeting of the Electric Power 
\ssociation was held on the evening of 
May 27, at 8 o’clock, in the lecture room 
of the R. R. Y. M. C. A. building, corner 
Forty-fifth street and Madison avenue, 
New York City. C. W. E. Clarke, steam 
engineer for the New York Central, de- 
livered a talk on “Efficiency Testing of 
Steam Apparatus.” 
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Home 





The Brooklyn Engineers’ Club recently 
purchased a building for a clubhouse at 
117 Remsen street, Brooklyn, N. Y., into 
which it has removed, after having been 
located for nearly 13 years in the 
Montague street library building. The 
club’s new home, which was one of the 
finest residences on what is known as 
“The Heights,’ has a brownstone ex- 
terior, and its interior design, decorations 
and appointments are very fine. 

There is a reception room, 20x50 feet on 
the ground floor, with a small stage at 
cne end—just the place for lectures, ete. 
The dining room is on this floor, also. 
On the second floor are the library, the 
secretary's office and smoking and re- 
tiring rooms. On the third floor are five 
bedrooms and a bathroom. 

In a sense the Brooklyn Engineers’ 
Club is an outgrowth of the Montague 
street library, for before that library be- 
came free to the public and a yearly sub- 
scription was collected from the readers, 
the trustees set aside certain shelves and 
alcoves for the use of people interested 
in engineering problems. Books on sci- 
entific subjects were gathered on the 
shelves in these alcoves and thus the 
Brooklyn engineers were thrown together 
in their search for information. That 
social intercourse led to the forming of 
a club, “the object of which is to pro- 
mote social and professional intercourse 
among its members, to advance engineer- 
ing knowledge and practice, and to main- 
tain a high professional standard within 
all branches of engineering.” 

When the club was incorporated on 
December 29, 1896, the membership was 
fifty. The next year it had grown to 
131, in 1902 it was 204, in 1904, 246, and at 
the present time it is 350. 

The officers for the present year are: 
President, James C. Meem; vice-presi- 
dent, Winifred H. Roberts; secretary, 
Joseph Strachan; treasurer, William T. 
Donnelly; librarian, Frank J. Conlon. 
Board of directors: James C. Meem, 
Joseph Strachan, James W. Nelson, Win- 
ifred H. Roberts, William T. Donnelly, 
Charles M. Spofford, George C. Whipple. 
Standing committees: Library, James B. 
Van Vleck, Frederick C. Noble, George 
A. Orrok; membership, John M. Stein- 
metz, John W. Goodridge, Willard P. 


Hough; entertainment, C. A. Somner, 


Frank W. Conn, Harry P. Moran. Spe- 
cial committee: excursions, Frank C. 
Schmitz, Harry B. Snell, Francis W. 
Perry. 





The annual convention of the Canadian 
Electrical Association will be held at 
Quebec, on Wednesday, Thursday and 
Friday, June 16, 17 and 18. The head- 
quarters will be at the Chateau Frontenac. 
T. S. Young, Confederation Life building, 
Toronto, is the secretary. 
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Engineers’ Blue Club Banquet 





The third annual banquet and reunion 
of the Engineers’ Blue Club, of Boston, 
Mass., was held on Saturday evening, 
May 22, at the Century building. .There 
was a reception from 6 to 7 o’clock in 
Sewall hall, the banquet, at 7 o'clock, 
being held in Howe hall, followed by an 
entertainment in Potter hall, the three 
halls being in the* same building. Fully 
five hundred members and guests were 
seated at the table. When the coffee 
stage was reached, Almon H. Parker, 
president, closed his crisp speech of wel- 
introducing Albert C. Ashton, 
of the Ashton Valve Company, as toast- 
master, and the duties of this important 
office were disposed of in a most credit- 
able manner. Those who made addresses 
were: Thomas Hawley, of the Hawley 
School of Engineering; Andrew J, Say- 
age, United States Local Inspector of, 
Vessels; Prof. Edward Miller, of the: 
Massachusetts Institute of Technology; 
Dr. Louis C. Loewenstein, of the General 
Electric Company; Hon. William P. 
White, mayor of Lawrence, Mass.; Walter: 
Lamont, manager of the Wood Worsted 
Mills, Lawrence; W. G. Smith, general 
manager, Fall River Ship and Engineering 
Building Company; Joseph H. McNeil, 
Massachusetts deputy chief boiler in- 
spector; William J. Ranton, of Rochester, 
N. Y., grand worthy chief Universal 
Craftsman, Council of Engineers; Her- 
bert E. Stone, New York, of the Dear- 
born Drug and Chemical Works. At 
close of the banquet an enjoyable vaude- 
ville performance was given, during which 
John W. Armour, of Power, entertained. 
The committee in charge of this success- 
ful event comprised R. K. Neptune, H. 
H. Ashton and Harry H. Atkinson. 


come by 





Wisconsin N. A. S. E. Convention 


The ninth annual convention of the 
Wisconsin State Association of the N. A. 
S. E. will be held at La Crosse, June 18 
to 20. An elaborate program has been 
prepared. 





Personal 
Lieut.-Commander Hutch I. Cone, U. S. 
N., has been appointed chief of the Bureau 
of Steam Engineering, which position had 
been filled by Rear-Admiral Capps. 





Obituary 
Francis X. Pund, vice-president of the 
D. T. Williams Valve Company, of 
Cincinnati, died Saturday, May 8, in his 
fifty-eighth year. 








Business Items 


The Wilpaco Packing Company has re- 
moved to new offices in the Engineering build- 
ing, 114 and 116 Liberty street, New York 
City. 


Woodward Wight & Co., of New Orleans, La., 
will represent the Homestead Valve Manufac- 
turing Company, of Pittsburg, in the Louisiana 
territory, carrying a full line of Homestead valves. 


The Minneapolis Steel and Machinery Com- 
pany secured an order for a 125-horsepower 
Muenzel producer gas engine and gas-producer 
plant from the Sisseton Mill and Light Company, 
Sisseton, South Dakota. This engine will run 
both the flour mill and electric-light plant and 
will be in service 24 hours a day. 


The Leon-Ferenbach Silk Company, Wilkes- 
Barre, Penn., has purchased a Hewes & Phillips 
heavy girder-frame Corliss engine, with heavy 
flywheel ‘and shaft arranged for two engines, 
which will go in its new mill at Wilkes-Barre. 
Members of this company have been using 
several of the Hewes & Phillips engines. The 
Sanitary Can Company, Bridgeton, N. J., is 
installing a 12x30-inch, 100-horgepower Hewes 
& Phillips Corliss engine for the operation of 
its plant. ’ 


Norman C. Brize has been elected president 
of the Standard Steam Specialty Company in 
place of E. H. Roberts, who died recently. Mr. 
Brize has had an extensive steam-engineering 
experience, both with this company and the 
Babcock & Wilcox Co., with which he was 
formerly connected. Percy A. Pinder has also 
been elected secretary and treasurer of the 
company. Mr. Pinder has been connected 
with the Standard Steam Specialty Company 
since its incorporation and was instrumental 
with Mr. Roberts in bringing the ‘ Utility”’ 
specialties. made by this company to their 
present successful position in the power-plant 
field. The main offices of: the company will 
be continued at 542 West Broadway, New York, 
and branch offices will be established in some 
of the other large cities. 


The Charles A. Schieren Company, of New 


York, has received a letter from the Barrett 
Manufacturing Company, of Elizabeth, N. J., 
to the following effect: ‘In regard to the 


48-inch three-ply ‘Duxbak’ waterproof leather 
belt which you put on for us May 2, 1907, we 
take pleasure in stating that the belt has been 
in service ever since, running 24 hours a day, 
6 days a week, and has caused us no trouble 
whatever during that time. After the belt 
had been running for about six weeks it became 
a little slack, as all belts do, and we had it taken 
up on a Sunday and the following Monday 
morning it was doing its duties the same as 
usual. Since the time it was first put on our 
pulleys it has run true, and has required no 
dressing or other attention, and we could not 
ask better service of any belt under any condi- 
tions.” 


Among the direct-current generators re- 
eently sold by the Crocker-Wheeler Company, 
of Ampere, N. J., is one of 300 kilowatts ca- 
pacity, 250 volts, purchased by Perry Fay 
Manufacturing Company, Elyria, Ohio. An- 
other machine of this type, having a capacity 
of 200 kilowatts, 125 volts, was bought by 
the Cleveland Provision Company, Cleveland, 
O. There were many sales of smaller gen- 
erators ranging in size from 35 to 100 kilo- 
watts. A large order was placed with the 


Spanish-American Iron Company, Felton, 
Nipe Bay, Cuba, for 230-volt direct-current 


« 


motors aggregating 235 horsepower. Another 
sale of direct-current motors, which totaled 


135 horsepower, was made to the Morgan 
Engineering Company, Alliance, Ohio. The 
International Silver Company, Meriden, Conn., 
has ordered six Crocker-Wheeler Form I ma- 
chines, having a combined capacity of 131 


POWER AND THE ENGINEER. 


horsepower. In addition to the above a large 
number of smaller orders for direct-current 
motors have been booked. 


Henry Docker Jackson, consulting engi- 
neer, 88 Broad street, Boston, Mass., visited 
the works of the Westinghouse Electric and 
Manufacturing Company, at Pittsburg, re- 
cently, to make an acceptance test on a 
special 250-horsepower motor which is to be 
used to operate a ventilating fan in a coal 
mine in West Virginia. This is one of the 
largest electrically operated ventilating fans 
in the country. The motor is a specially de- 
signed one, the general scheme being sug- 
gested by Mr. Jackson, the design and details 
being worked out by the Westinghouse com- 
pany, the idea being to get the starting char- 
acteristics of the best type of induction 
motor combined with the operating and line- 
regulating characteristics of the synchronous 
motor. The tests were eminently successful, 
both the starting characteristics and the 
regulating characteristics being remarkably 
good. The motor and fan are being in- 
stalled in connection with other work at the 
mine, the consulting engineers on which are 
Timothy W. Sprague and Henry Docker 
Jackson. 


The Ontario Hydro-Electric Power Commis- 
sion, which is charged with the construction 
of the provincial government system for trans- 
mitting power from Niagara Falls to leading 
cities and towns of Western Ontario, has decided 
to install the protective system over the entire 
transmission line. In addition to giving pro- 
tection against accidents it promises to reduce 
the chances of the dislocation of the time through 
electrical disturbances to a minimum. The 
system is operated by an arrangement of auto- 
matic cutouts working as soon as a break occurs 
in the transmission conduit. If a short-circuit 
occurs the wire is grounded, or should the wires 
break at any place, that section immediately 
becomes ‘‘dead,”’ so that the broken wire can 
be handled by, or come into contact with, any one 
without danger. The estimated cost of the 
protective system is $106,000. The commis- 
sion awarded contracts for the copper wire 
required for it to the Dominion Wire Manufac- 
turing Company, Montreal, and for the porcelain 
insulators, intended as a safeguard against 
lightning, to the Ohio Brass Manufacturing 
Company, of Mansfield, Ohio. 


A good example of the results obtained by a 
sales department and factory organization 
working in harmony is afforded by a recent 
contract handled by the Buffalo Forge Com- 
pany, Buffalo, N. Y. In connection with cold- 
storage warehouses operated by the Pacific 
Fruit Express Company at Roseville and at 
Colton, Cal., eight large fans were required 
by the Pacific Engineering Company, San 
Francisco. Each fan was to deliver 44,500 
cubic feet of cold air against a pressure of three 
ounces per square inch, and to be of the full 
housing type with bearings supported on concrete 
piers, with the blast wheels overhung on the 
shaft, and with stuffing boxes on the fan housings, 
to prevent leakage of air. Although special 
in several particulars the Buffalo k orge Company 
undertook to furnish these fans, each having 
7-foot wheels running at 380 revolutions, making 
shipment of four in 10 days and the balance in 
15 days afterward. As the entire shipment 
weighed 32,000 pounds, the advantage in freight 
on account of shipping in one car would be 
considerable, and when the order was received 
by wire at the factory on April 19 it was decided 
to make a special effort to complete the eight 
fans in the time promised for the first four. 
Shop drawings were not started until the receipt 
of the order, but preliminary notice was sent 
to the factory and by the time prints were 
received by the various departments on April 
20 much of the material had been got ready. 
Friday, April 30, the tenth day after the order 
was received, shipping was begun, and by that 
night the eight fans, with shafts, pulley and out- 
board bearings were loaded on a 42-foot gondola. 
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New Equipment 





Schram & Sons, Oshkosh, Wis., are putting 
in a new engine room. 

The Rumford Falls (Me.) Power Company 
is building a new power house. 

The Shore Electric Company, 
N. J., will build a new power plant. 


The Brunswick (Me.) Electric Light 
Power Company is building a new plant. 


The West Hampton (L. I.) Ice Company 
is erecting a new building for its 15-ton ice plant. 

The Grimes Milling Company, Salisbury. 
N. C., contemplates installing a new Corliss 
engine. 

The City Councils, Harrisburg, Penn., have 
appointed a committee to learn if the city may 
legally erect a municipal ice plant. 

The Milwaukee (Wis.) Linseed Oil Com- 
pany is making improvements in power plant, 
including installation of new boiler. 

The Merchants Association, Newburg, N. Y., 
is considering the formation of a company 
for the purpose of erecting a co-operative electric- 
light plant. 

The Superior Ice Manufacturing Company, 
Columbus, Ohio, has been incorporated with 
$75,000 by William S. Nigh, E. W. Edwards, 
Chas, E. Klunk. 

The Isthmian Canal Commission, Washington, 
D. C., will receive bids up to 10:30 a.m., June 
14, for centrifugal pump and engine, gasolene 
motors, transformers, electric hoist, etc., as 
per Circular No. 512. 


Red Bank. 


and 


The Alpine Power Company, Alpine, Texas, 
has been organized with $35,000 capital by 
H. W. Townsend, J. H. Derrick, R. B. Slight, 
etc. Besides furnishing power the company 
will manufacture ice. 


Sealed proposals will be received by the Board 
of Trustees of the Massillon State Hospital, Mas- 
sillon, Ohio, for the installation of a new high 
pressure steam main and to make certain altera- 
tions in the boiler house. 





New Catalogs 


Foster Engineering Company, Newark, N. J. 
Folder. Pilot and emergency valves, pressure 
regulator, etc. Illustrated. . 

Murphy Iron Works, Detroit, Mich. Booklet. 
The Murphy Furnace in the Paper Mill. Illus- 
trated, 48 pages, 44x6 inches. 

" The Foos Gas Engine Company, Springfield, 
Ohio. Catalog No. 21. Horizontal engines. 
Illustrated, 56 pages, 7x9 inches. 

The Kennedy Valve Manufacturing Company 
Elmira, N. Y. Catalog. Valves, hydrants, etc. 
Illustrated, 132 pages, 5x9 inches. 

Gesellschaft fur Hochdruck-Rohrleitungen, 
M. B. H. Berlin, 0.27. Catalog. Pipe fittings. 
Illustrated, 114 pages, 74x104 inches. 

American Ship Windlass Company, Provi- 
dence, R. I. Catalog. Taylor gravity under- 
feed stoker. Illustrated, 30 pages, 6x9 inches. 

American Blower Company, Detroit, Mich. 
Booklet. Handbook of Information on Blowers 
and Exhausters. -Illustrated, 24 pages, 34x6 
inches. 

Green Engineering Company, Commercial 
National Bank building, Chicago, Ill. Catalog 
G. Green chain grate stokers. Illustrated, 
46 pages, 7x10 inches. 

Harbison-Walker Refractories Company, Pitts- 
burg, Penn. Catalog. Refractories, including 
silica, magnesia, chrome, fire clay, brick, etc. 
Illustrated, 158 pages, 4x64 inches. 

The Morigrieve Engineering Company, 44 
Market street, Perth Amboy, N. J. Bulletin 
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42-Inch Low Pressure Elevator Pump 


Run on the Exhaust of Electric-Light Engines; Vacuum Produced by an 
Evaporative Condenser Condensing | lb. of Steam with 3-4 lb. of Water 





In 1903, the L. S. Donaldson Company, 
a large retailer of Minneapolis, Minn., an- 
nounced its intention to enlarge its al- 
ready extensive building, together with its 
mechanical equipment. This magnificent 
building with its unique front of glass 
and iron attracts the attention of all 
visitors and justly deserves its popular 
name of the “Glass Block,” as more than 











efficiency and adaptability to the purpose 
for which it was designed. Mr. Donald- 
son’s instructions when the design of the 
plant was under way were: “The best 
that money can buy,” and he has every 
reason to feel proud of the result. The 
engine-room floor is of white tile picked 
out with a figure, not shown in the photo- 
graphs. The walls are tiled to a hight of 


to electric generators. There is also a 
2-ton Wolff refrigerating machine with 
a 12x36 Corliss cylinder attached, and an 
American blower capable of delivering 
90,000 cubic feet of air per minute into 
the building for ventilating purposes. 

But the unique feature of the installa- 
tion is the method employed for running 
the pumping 


engine for the elevators, 








PG 4. 


seventy-five per cent. of the facade is of 
plate glass. The structure therefore pre- 
sents a striking appearance even in the 
daytime, but is still more impressive at 
night, when illuminated by 4000 incandes- 
cent lights on the exterior and 400 arc 
lights within. 

The power plant, as may be judged 
from the illustrations presented herewith, 
is a model not only in appearance but in 


CONDENSER, WITH SPRAY OPERATING; 


ALSO, EDWARDS AIR PUMP 
4 feet and, together 


are handsomely 


with the ceiling, 
tinted above this line. All 
the columns and other trimmings, includ- 
ing a handsome switchboard, are of pink 
Tennessee marble. The engines are hand- 
somely finished in a deep wine color. 

The power plant consists of a 16x36, a 
22x48 and a 26x36 Corliss engines, all 
built by the Minneapolis Steel and Ma- 
chinery Company and directly connected 


AND PORTION OF 


STEAM CYLINDER 


worked out by Joseph Garbett, 
engineer for the Minneapolis Steel and 
Machinery Company, 
gested by F. M. Overholt, 
for the L. S. Donaldson Company. The 
pumping engine is of the horizontal fly- 
wheel Corliss type with a steam cylinder 
46 inches in diameter 


designing 


along lines sug- 


chief engineer 


directly con- 
nected to a water cylinder 19% 
inches in diameter, with a stroke com- 
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FIG. 2, PUMPING ENGINE, IN FOREGROUND, AND PARTS OF CONDENSER AND AIR PUMP 














FIG. 3. VIEW IN ENGINE ROOM; SHOWING ALSO SECTION OF ICE MACHINE 
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mon to both of 42 inches. The pumping 
head of 120 pounds per square inch is 
automatically maintained by placing the 
regulation of the engine under the control 
of the water pressure. The system has 
never once failed during the six years in 
which it has been in use. 

Nothing very remarkable so far, but 
this pumping engine is run upon the ex- 
haust steam of the other units, working 


POWER AND THE ENGINEER. 


through the tubes of the condenser, in- 
cidentally ventilating the engine room 
which, although located in the basement 
and, as the photographs show, not lofty 
in its ceiling, is thus made perfectly com- 
fortable even in midsummer. The water 
sprayed into the tubes is evaporated, each 
pound disposed of in this way abstracting 
the heat necessary to condense a pound of 
the steam, and enough additional heat be- 
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INDICATOR DIAGRAMS FROM THE PUMPING ENGINE 


it from about atmospheric pressure into a 
vacuum of 24 inches, as shown by the ac- 
companying indicator diagrams, in the 
center of the retail district of Minneapolis, 
where it would appear to be as imprac- 
ticable to run a condensing plant as it 
would be to keep cows on the Sahara. 
It is made possible thus to run this en- 
gine condensing, in a locality where con- 
densing water is out of the question, by 
the use of an evaporative condenser, 
shown at the left in Fig. 1. This con- 
denser consists of a cast-iron case con- 
taining 1260 one-inch brass tubes, 66 inches 
in length, disposed horizontally as shown. 
The exhaust steam from the pumping en- 


ing carried away by the air to condense 
one-quarter of the steam which comes to 
the condenser, so that for each pound of 
water produced in the condenser and 
made available for boiler supply, only 
three-quarters of a pound has to be fur- 
nished to the condenser. The spray is 
handled by a 2x4-inch duplex pump. The 
air pump is a Iox1I2-inch single-acting 
Edwards, shown against the back wall in 
Fig. 1, while at the right in the same il- 
lustration is seen the steam cylinder of 
the pumping engine. The fan and air 
pump are driven by an electric motor 
using 55 amperes at 110 volts. 


Fig. 2 shows the pumping engine in its 
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FIG. 4. ANOTHER VIEW OF THE ENGINE ROOM 
gine is introduced into the shell and sur- entirety, with the condenser still visible 
rounds the tubes. One end of the shell at the left and with the other units of 


is extended and into this extension is 
introduced a 1%4-inch pipe provided with 
a rose head which sprays the cooling 
Water, taken from a hotwell at a tempera- 
ture of 125 degrees Fahrenheit, into the 
tubes. Connected to an extension at the 
other end of the shell is a 90-inch venti- 
lating fan which draws its air supply 


the plant in the background; and Fig. 3 
is a view from the other end of the room. 
Attention is called to the lighting scheme, 
the illumination being sufficient to have 
allowed the photographs from which our 
illustrations were made to be taken with- 
out the aid of other light than that 
habitually used. The entire responsibility 
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of enlarging and remodeling the power 
and light plant fell upon Mr. Overholt 
and although the pump in question was 
designed and built by the Minneapolis 
Steel and Machinery Company, the 
scheme for operating it with the exhaust 
of the other engines in connection with 
evolved 
by Mr. Overholt and he has been granted 
a patent upon the arrangement. 


the evaporative condenser was 





A Course in Plant Management 


Since 
Columbia 


1906 the Teachers’ College of 

University, New York City, 
has been giving a series of evening techni- 
cal courses on a variety of subjects. These 
courses are open without examination to 
men or women who desire to obtain high- 
er technical knowledge in their trades and 
professions, but credit is 


given. For the school year 1909-10, it is 


no academic 
proposed to introduce a course in plant 
management, which will be under the di- 
rection of J. C. Jurgensen, formerly chief 
engineer at the St. hotel. The 
course will consist of forty sessions, held 
on Monday and Wednesday evenings, 
from 7:45 to 9:15 o'clock, and will be- 
gin on October 25. 


Regis 


This particular course 
is intended for operating engineers, en- 
gineers’ assistants, building superintend- 
ents and others. A good knowledge of 
arithmetic and clementary physics is re- 
quired of all who enter, and the follow- 
ing aspects of plant management will be 
studied from a practical standpoint: 

Introduction—Machinery selection; lay- 
out and installation of the plant; sched- 
ules for identification and operation; com- 
mon units for measuring plant economy; 
instruments and measurements. 

Engine Room Accounting—Records of 
operation ; computation of operating data; 
billing of records for daily comparison 
and reference; purchases of coal, sup- 
plies and labor; storeroom and toolroom 
management; computation of total oper- 
ating costs per unit output; plant de- 
preciation, interest, depreciation annuities ; 
computation of actual cost per unit out- 
put; arrangement of expense and plant 
deficiency reports to owner. 

Cost Analysis and Expense Control— 
Method of determining standard unit 
distribution of expense to vari- 
ous systems operated; leaks in direct ex- 
penses ; leaks in operation and machinery ; 
relation between plant efficiency and actual 
cost per unit. 

Industrial Betterment Methods—Train- 
ing and handling of men; apprenticeship 
and bonus systems for power plants; ac- 
cidents and liability insurance, fire-under- 
writers’ regulations; fire protection and 


costs; 


appliances, fire-fighting organization for 
individual buildings. 
This in brief is a summary of the 


course which should prove of value to en- 
gineers and those wishing to join their 
ranks. 
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From all accounts Mr. Jurgensen is the 
very man to conduct this course. Former- 
ly, while at the St. Regis hotel, it was 
his custom to sign apprentices after the 
European fashion, compelling embryo en- 
gineers to work two years and at the end 
of that period to sign a contract for four 
years more as machinery operators. At 
the end of the fifth year those who proved 
efficient were given certificates as operat- 
ing engineers and recommended to police 
headquarters for licenses. The certifi- 
cates were based upon two years’ con- 
tinued service as apprentice engineers, 
with good-conduct marks for sobriety, 
truthful and manly conduct, punctuality in 
attendance, industry and faithfulness in 
giving employers a full day’s work, and 
a strict and willing obedience to orders. 
The rules established by Mr. Jurgensen 
were brought to the attention of members 
of the governing board of Columbia, and 
the offer to him to conduct the course in 
plant management followed. 





Efficiency Test of Three-Wire 
Balancing Dynamos 





By J. W. HIMMELSBACH 





The following test was made on two 
direct-current generators forming a 
balancing set on a three-wire 250-volt 
system. The rating of each generator 
was 250 kilowatts at 125 volts and 500 
revolutions per minute. These two gen- 
erators and their driving motor, a 550- 
kilowatt three-phase synchronous machine, 
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were built with a common shaft sup- 
ported by four bearings. The object of 
the test was to determine whether or 
not the generator met the guarantees made 
for them, particularly in regard to ef- 
ficiency. The generators were shunt- 
wound and each had eight poles and eight 
brushholder studs with eight brushes on 
each stud; the commutators had 288 bars 
each. Before the test was commenced, 
all brushes were refitted and the com- 
mutators turned true. As the test was 
made in a large substation supplying a 
250-volt three-wire system, the load for 
the set was obtained directly from sta- 
tion busbars. The connections were as 
shown in Fig. 1. 

The armature currents were measured 
by Weston shunt ammeters connected in 
the main generator leads. These ammeters 
were mounted on the switchboard. The 
field currents were measured by shunt am- 
meters in series with the field circuits. 
The armature voltage was measured 
across the machine terminals; the field 
voltage was measured directly across the 
field-winding terminals and therefore did 
not include the drop in the leads nor 
across the field rheostat. All instruments 
used in the test were given an accurate 
check with standard instruments before 
the test was commenced. For measuring 
temperature rise, glass mercury thermo- 
meters reading up to 100 degrees Centi- 
grade, were used. As temperature rise 
by thermometer was the method decided 
upon, no cold resistances were taken. 


Futi-Loap Run 
This test was of 24 hours duration, with 
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both machines running at approximately 
full ampere load and 117 volts across ma- 
chine terminals. Every 15 minutes 
readings were taken of the armature and 
field currents and armature and field volt- 
ages. At each reading the temperatures 
were taken of the air at each end of the 
set and of field coils, one on each machine. 
At the end of the run, the temperatures 
of the armature winding, field winding 
and commutator on each machine were 
taken at short intervals until the max- 
imum was ascertained. 


Hot RESISTANCES 


The hot resistances of the armature and 
field windings were taken immediately 
after the 24-hour full-load run. Just be 
fore load was taken off, the field re- 
sistances were taken by the fall of 
potential method, with full-load field cur- 
rent. The armature resistances were 
measured with all brushes down, using 
a small storage battery giving approxi- 
mately 450 amperes. The drop was taken 
across 36 commutator bars beginning im- 
mediately under a brush, light readings 
being taken between the commutator seg- 
ments under each positive and negative 
brushholder. The readings obtained were 
considered as showing too great a varia- 
tion, due to the low current density, and 
on that account were not accepted. An- 
other set of readings on armature re- 
sistance was taken after the 
cent. load run, at a temperature approxi- 
mating the temperature of the armature 
at the end of the full-load run. These 
readings were obtained by blocking the 
armature and then forcing the full-load 
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current of 2000 amperes through the 
circuit. The drop was taken between 
adjacent brushholders as before, and the 
resulting resistance values checked fairly 
well. 


BrusH Contact RESISTANCES 


These measurements were taken at the 
end of the full-load run. Pilot brushes, 
consisting of two copper wires set in a 
wooden block fitted in the brushholders 
were employed, one brush being on a 
negative brushholder and the other on a 
positive brushholder. With full-load cur- 
rent on the machine the drop was 
measured between the negative pilot brush 
and negative machine terminal and be- 
tween the positive pilot brush and positive 
machine terminal. From these readings 
the total resistances of brush contact, 
brushes and machine leads were obtained. 


OveRLoAD RUN 


As soon as possible after the full-load 
run, a load of 2500 amperes (25 per cent. 
overload) was put on the set, which was 
run under these conditions for two hours. 
At the end of this time temperatures were 
taken of the armature windings, field 
windings and commutators. The air tem- 
peratures at each end of the set were 
also taken. 


WINDAGE, FrIcTION AND Iron Losses 


These measurements were taken at the 
end of the run with 25 per cent. overload 
and were obtained by driving the set 
with one 125-volt generator running as a 
motor and measuring the input. The set 
of readings first taken included iron loss, 
brush friction, bearing friction and wind- 
age of both direct-current machines, and a 
negligible brush and armature resistance 
loss in the driving motor. These readings 
also included windage and the bearing 
friction of the synchronous motor. The 
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motor was separately excited, the loss in 
its field winding cannot be included in 
these readings. Call this set of readings 
No. 1. The field circuit of the generator 
was then opened, and the input to the 
driving motor again measured. Call this 
reading No. 2. The difference between- 
No. 1 and No. 2 gave the net iron losses 
of the generator. All the brushes of 
the generator were then lifted and the 
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input to the driving motor again measured. 
Call this reading No. 3. The difference 
between No. 2 and No. 3 is equal to the 
power lost in brush friction. The iron 
losses and brush friction of the second 
machine were determined in the same 
manner, running the first machine as a 
motor and measuring the power input 














machine run as a generator, on which as before. The readings designated as No. 
RESULTS OF THE TEST ON ONE MACHINE. 
| | | 
| Windage | 
’ Brush and Bear- 
Load,| Arm. Arm. Field Brush Iron Fric- | ing Fric- Total Per Cent. 
% | Current. | I?R Loss.| I?R Loss. | I?R Loss. Loss. tion | _ tion Losses. Eff. 
Loss. | Losses. | 
125 | 2,500 | 5,022 | 1,73 | 14,206 3,530 | 650 | 3,362 | 28,443 | 91.7 
100 | 2,000 3,214 1,631 9,092 3,325 650 | 3,362 | 21,274 92.2 
75 1,500 1,808 1,588 5,114 3,150 650 | 3,362 15,672 92.3 
50 1,000 804 1,552 2,273 2,965 650 | 3,362 | 11,606 91.5 
| 




















Notre.— All losses given in watts. 








measurements were being taken, was ex- 
cited to give a terminal voltage equal to 
125 volts plus the resistance drop in the 
armature winding, brushes, brush contact 
and machine leads. With the speed of the 
set held constant at 500 revolutions per 
minute, the power input to the motor 
was measured. Readings were also taken 
at several points on the saturation curve 
of the machine, but these do not enter 
into the calculations. As the driving 


3 include the windage and bearing fric- 
tion of the whole set, and the net amount 
of this loss was obtained by subtracting 
from No. 3 the losses in the driving 
motor, consisting of brush friction, arma- 
ture resistance .loss, iron loss and brush 
contact resistance loss. The assumption 
was then made that the windage and bear- 
ing friction for each machine was pro- 
portional to its rated capacity. This as- 
sumption gives the loss for each 125- 
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volt generator as being 25 per cent. of the 
net total loss as calculated from No. 3. 


EFFICIENCY CALCULATIONS 


These calculations were based on hot 
resistances, the field-winding resistance 
as taken at the end of the full-load run 
and the armature resistance as taken at 
the end of the overload run after cooling 
to a temperature equal to that at the 
end of the full-load run; the brush con- 
tact resistance as taken at the end of the 
full-load run. Armature and brush con- 
tact resistance losses were calculated from 
the percentage of full-load current re- 
quired. The iron losses for different loads 
were taken from a curve obtained from 
values of the terminal electromotive force 
corresponding to the load on the ma 
chines. The field-winding loss was ob- 
tained from values of field current cor 
responding to the original armature volt- 
age used in 
Brush friction, bearing friction and wind 
age were considered as being constant 
at all loads. 

In the accompanying table are given the 
results of the test on one machine, and in 
Fig. 2 curves drawn from these tabulated 
values. 


obtaining the iron losses. 





Coal Consumption of Steam- 
Turbine Stations 





By N. A. Carte 

It is desirable to know the approximate 
number of tons of coal which should be 
consumed per day by a power station as a 
check on the actual figures. Sufficient 
information is usually available for ap- 
proximating the desired result from data 
which has been obtained at various times 
by tests of the equipment. Records are 
on file showing the rate of evaporation of 
the boilers in pounds of water evaporated 
per pound of coal from and at 212 degrees 
Fahrenheit, the water-consumption rate 
in pounds per hour per kilowatt of the 
turbine and auxiliaries, and the load factor 
of the station. The installed capacity of 
the station is known and the factor of 
evaporation is calculated from the values 
of the temperature of the feed water, the 
steam pressure and the amount of super- 
heat. 

From the foregoing data the approxi- 
mate coal consumption per day can be 
ascertained. The chart on page 1002 is 
designed to calculate the result graphically 
from this data. 


EXAMPLES 


(1) A power station with an installed 
capacity of 10,000 kilowatts has a load 
factor of 35 per cent. The turbines 
and auxiliaries require 24 pounds of water 
per hour per kilowatt and the evaporative 
efficiency of the boiler is 10.0 pounds of 
water evaporated per pound of coal from 
and at 212 degrees Fahrenheit. 
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The temperature of the feed water is 
205 degrees Fahrenheit, the steam pres- 
sure is I50 pounds per square inch, gage 
pressure, and the amount of superheat is 
75 degrees Fahrenheit. What is the coal 
consumption per day? 

The factor of evaporation for these con- 
ditions is approximately 1.100. Starting 
with 10,000 kilowatts, read up to 24 
pounds of water per kilowatt-hour, then 
across to 1.100 factor of evaporation, then 
down to 10.0 pounds of water evaporated 
per pound of coal from and at 212 degrees 
Fahrenheit, then across to 35 per cent. 
load factor, and down to approximately 
111 tons coal burned per day. This re- 
sult is in short tons of 2000 pounds and 
can be reduced to long tons of 2240 
pounds by multiplying by the constant 
0.893. However, it will be sufficiently ac- 
curate to multiply by 0.9, as the result ob- 
tained is only approximate. 

(2) A power station with an installed 
capacity of 12,000 kilowatts burns 150 short 
tons of coal per day. Tests show that 
the water consumption for the turbines 
and auxiliaries is 26 pounds per kilowatt- 
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Getting the Most Out of Gas 
Engines 





By E. G. Ti1LpENn 





‘ It was once my good fortune to be so 
placed that I could try some experiments 
on a gas-engine plant. The power out- 
fit consisted of two vertical double-cyl- 
inder, four-stroke-cycle engines, one of 
20 and the other of 40 horsepower and a 
direct-current generator for night lighting, 
belted direct from the larger engine, 
which also drove the machinery at night 
through shafting and belting. The 20- 
horsepower engine was used to drive the 
machinery during the day when lights 
were required only in the basement; this 
lighting was done with gas. 

It was found by experiment that the 
smaller engine would almost pull the or- 
dinary day load with one cylinder, show- 
ing that we had a large surplus of power. 
Consequently, we installed a second gen- 
erator of proper size to handle the base- 
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the ignition adjustment after the little 
generator in question had been put to 
work, and also by the larger load factor 
thereby obtained. 

The plant equipment also included a 
boiler for furnishing hot water. In one 
part of the works we were buying water 
to cool the gas-engine cylinders, dumping 
the water, heat and all, into the sewer; 
while in another part of the building we 
were buying more water and burning 
“perfectly good” coal (that had to be 
paid for) to heat it up. A scheme for 
doing away with this double loss was 
finally developed. A heater, along the 
general lines shown herewith, was pro- 
vided and connected up so that the exhaust 
gases from both engines passed through 
it, while the circulating water discharged 
from the engine jackets also passed 
through the heater and was heated for 
use in the hot-water system. The only 
loss was the hot water that was drawn 
off at the faucets, which was made up 
from the street main through the pipe A. 

In making the heater, the body of 
which was a piece of ordinary 14-inch iron 
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A HEATER FOR EXHAUST GASES AND CIRCULATING WATER 


hour, and the evaporative efficiency of 
the boiler is 11.5 pounds water per pound 
of coal from and at 212 degrees Fahren- 
heit under operating conditions which 
yield a factor of ‘evaporation of 1.150. 
What is the load factor of the station? 

Starting with 12,000 kilowatts read up to 
26 pounds of water per hour per kilo- 
watt, then over to 1.150 factor of evapor- 
ation, then down to 11.5 pounds of water 
evaporated per pound of coal from and 
at 212 degrees Fahrenheit, and extend a 
horizontal line from this intersection to 
the left crossing the lines for load factor 
until it intersects a vertical line through 
150 tons coal burned per day. The re- 
sult gives a load factor of approximately 
40 per cent. 





The famous Wright brothers, the 
acronauts, have been nominated “Factor 
honoris causa” of the technical University 
of Munich, which is one of the largest 
and, perhaps the best in Germany. This 
is considered as a great honor. 


ment lighting during the day and shut 
off the gas lighting entirely. It was nec- 
essary to run a separate circuit for the 
basement lamps to avoid the possibility 
of overloading the small dynamo. I do 
not now recall the exact size of this 
dynamo, nor the number of lamps sup- 
plied by it, but the price of the dynamo 
was $125 and shutting off the basement 
gas meter, shut off a regular monthly 
gas bill of $60, while the amount of 
natural gas required for the engines for 
the month following the installation of 
the little generator was about Io per cent. 
less than it was the previous month. 

About the time the small generator was 
installed, experiments were being car- 
ried on with a view of finding the best 
timing of the igniters on the engines, 
and this was determined just after the 
installation of the extra machine. The 
apparent paradox of less gas consump- 
tion with more power was_ there- 
fore due to the fact that the ef- 
ficiency of the engines was improved by 


pipe, the engine exhaust pipe was screwed 
through the head at the left and held 
by the jam nut shown. The head at the 
right was provided with a stuffing-box, 
cast integral, in order to facilitate making 
up, as well as to provide for unequal ex- 
pansion. 

A small belt-driven plunger pump B 
was used to circulation, 
its suction being connected to the pipe A, 
and drawing the cooler water from the 
circulating tank. The discharge from the 
engine-cylinder jackets passed through the 
heater in contrary direction to that of the 
exhaust gases, back to the tank through 
the pipe C. The pipes D and E are the 
leads to and from the circulating system 
from which the hot water was drawn in 
the shops. The boiler was disconnected 
and permanently retired. 

The cost of the heater, pump and pip- 
ing was about $250, while the saving in 
cost of water and coal was just about 
that amount per year, to say nothing 
of the work and both got rid of. 


insure proper 
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Some Useful Lessons of Limewater 


An Interesting Chapter on the Chemistry of Sulphur; How to Make 
Hydrogen Sulphide; What It Will Do; Different Sulphur Forms 





BY 


There are several matters connected 
with the chemistry of sulphur which we 
will take up, in order to get familiar 
with this common and useful substance 
and its compounds. The first thing is that 
innocent-looking compound, hydrogen sul- 
phide, H.S, or sulphureted hydrogen, as 
it used to be called. You may have 
heard of its bad-egg odor, but it is not 
really so unpleasant if it is handled right. 
The easiest way to make this gas (note 
that it is a gas) is first to make some iron 
sulphide, by heating together in an old 
iron pot some iron turnings and common 
brimstone. 
unite with considerable heat; and when 
the operation is over, you can turn out 
the fused mass on the brick floor to let it 
cool. Break it into lumps, and you will 
note the dark bronze color of this iron sul- 
phide, FeS. Fe stands for ferrum, the 
Latin for iron. When this iron sulphide 
is treated with dilute sulphuric acid, about 
one part of sulphuric acid to four or five 
of water, the action is like that shown in 
the following equation: 


FeS ( H,SO, 
+ = 
I:on Sulphide Sulphuric Acid 
H,S 


FeSO 
Ferrous Sulphate a : 
(Iron) Hydrogen Sulphide 


MakKING HyproGEN SULPHIDE 


This experiment of making the hydro- 
gen sulphide is done in a common pickle 
jar, with a delivery tube, a common 
pneumatic trough and one or two fruit 
jars, as shown in the accompanying sketch. 
When you have collected several jars, 
take them out of the trough and set them 
mouth upward, covering them with card- 
board covers. You will burn this gas, 
hydrogen sulphide, H:S, and you will 
note that it burns readily, with a distinct 
and peculiar flame. The gas burns in 
the air, and the taper is extinguished when 
thrust up into the jar. You will not fail 
to note that as the gas burns it gives off 
the same kind of sulphur fumes, and with 
the same smell, as when you burn the 
common sulphur eight-day match. You 
can see how all this happens by one glance 
at the oxidation table of sulphur given 
in a previous lesson; and here you will 
note the great advantage of having the 
compounds of each element given in order, 
from reduced, or hydrogen compounds, to 
oxidized or oxygen compounds. 

Just why the burning sulphur stops at 
sulphur dioxide, or two-oxide, SO.:, in- 
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The iron and sulphur will - 
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stead of going over to the full oxidation 
form, SOs, sulphur trioxide or three-oxide, 
is a curious matter, and one which has 
everything to do with the making of 
sulphuric acid, as we will see later. But 
you will miss half the game in studying 
this hydrogen sulphide, H.S, the bad- 
smelling gas, unless you go on to some in- 
teresting experiments in analysis. So we 
will make several solutions of the com- 
mon metals; such as sugar of lead (lead 
acetate), green vitriol (iron sulphate), 
blue vitriol (copper sulphate), white 
vitriol (zine sulphate); and also some 
arsenic solution (common white arsenic 
dissolved in hydrochloric or muriatic 
acid), and some antimony solution (made 
by dissolving the metal in a mixture of 
hydrochloric and nitric acids (aqua-regia, 
or royal water, because this mixture of 
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gen sulphide will throw down a yellow 
precipitate in the arsenic solution; it will 
throw down an orange precipitate from 
the antimony, a dark brown or black from 
the copper, and a white precipitate from 
the zinc solution. All this will take place 
right under your eyes, with the same gas, 
a colorless gas, hydrogen sulphide, H.S, 
just as described: lead, black; copper, 
dark brown; antimony, orange; arsenic, 
yellow; iron, black; zinc,-white. You can 
see that all this would be very con- 
venient in telling what metal one had in 
solution. This set of tests is so useful 
and so remarkable that it will repay you 
to make some effort to collect the ma- 
terial for the tests and go through with 
them. It will give you much food for 
thought; and it will begin to show you 
how anyone can learn to test and analyze 
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nitric and hydrochloric acids will dissolve 
gold). This solution of antimony you 
must not mix with much water because 
water will throw it out of solution. You 
will also want to add a few drops of am- 
monia to the solutions of iron and zinc; 
the rest will act best if left slightly acid. 

You might almost mix these up, with- 
out labels, and even if the solutions were 
of the same color, the hydrogen sulphide 
would pick each of them out for you. 
If you put some of each of these solu- 
tions of the various metals, each in a 
separate small jar, and lead in some of 
this gas, hydrogen sulphide, with the de- 
livery tube, cleaning the delivery tube 
after using it in any solution, you will get 
this marvelous result: This same gas 


will throw down a black precipitate in the 
lead and the iron, but the lead solution 
is neutral or slightly acid; the gas hydro- 
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the common solutions of the 
metals. 

At first one should begin with one 
metal in a solution, but after a time you 
can handle several metals, taking out each 
in its place and proving it up as you go 
along. Sometimes chemists speak of 
analyzing a solution of all the metals, but 
that is not quite correct, because it is 
not possible to have all of the metals in 
solution at the same time and in the same 
solution ; but one may easily have as many 
as ten or fifteen of the common metals 
in the same solution; and one can learn 
to find each in its place, with the help 
of this gas, hydrogen sulphide. You will 
also note that it makes a difference in 
using this gas,’ hydrogen sulphide, to pre- 
cipitate the metals, whether one sends it 
into a solution which is alkaline or acid 
in reaction. Thus, some of the metals 


common 
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will precipitate only in alkaline solution; 
others will precipitate in both acid and 
alkaline solutions. 


HypROGEN SULPHIDE IN MINERAL WATERS 

This gas, hydrogen sulphide, occurs in 
many natural mineral waters. Some of 
the most famed of the health resorts owe 
their fame to the supposedly curative 
powers of the hydrogen-sulphide waters. 
The hydrogen sulphide is not the only 
substance in the waters, but as a rule 
there are several other ingredients, some 
salty in a broad and general sense, and 
some gaseous, like carbonic-acid gas. You 
can find out much about these waters by 
applying to the United States Geological 
Survey for a pamphlet called “Geo-Chem- 
istry,” by Prof. F. W. Clarke (Bulletin 
No. 330, Washington, D. C., U. S. Geol. 
Survey). It should be noted that this 
same gas, hydrogen sulphide, is what is 
called a reducer; that is, it can take 
oxygen, or its equivalent, out of bodies, 
bringing them down to a lower state of 
oxidation. Thus, if you lead some of 
the hydrogen sylphide into a dilute solu- 
tion of nitric acid, you will note a yel- 
lowish or perhaps a milky-white precip- 
“itate come down in the solution. This is 
only sulphur, which comes from the hy- 
drogen sulphide, as it reduces the nitric 
acid to some lower form of nitrogen 
oxide. The gas, hydrogen sulphide, is 
quite soluble in water, and such a solu- 
tion is often called “sulphydric acid,” after 
the analogy of hydrochloric acid, although 
the old name, “sulphureted hydrogen,” is 
still used also. 

If sulphur is mixed with soda and fused 
for some time, peculiar dark-brown sub- 
stances are formed, called “livers of sul- 
phur,” which are nothing more than sul- 
phides of sodium. When these are treated 
with such acids as the sulphuric or muriat- 
ic, the same gas, hydrogen sulphide, is 
given off; and although you will always 
detect it by the nose, which is a perfectly 
legitimate reagent, it is handy to remember 
that a bit of filter paper moistened with 
any soluble salt of lead, such as lead 
nitrate, or lead acetate (sugar of lead), 
makes an excellent and easy test for the 
gas, the paper becoming dark brown or 
stove-polish black. One reason why good 
white lead paint often turns dark in the 
Vicinity of drains is that the lead in the 
paint is colored dark by this same test; 
that is, by the foul gas, hydrogen sul- 
phide, escaping from the refuse of the 
drain. 


DIFFERENT ForMs OF SULPHUR 

The next subject to study is sulphur 
itself. This comes into the market in 
several forms: First, as roll sulphur or 
common brimstone (“burnstone”). This 
is simply pure sulphur which has been 
melted and cast into thick sticks. When 
this roll sulphur, or brimstone, is crushed 
to a powder, it is called “flour” of sul- 
phur. “Flowers” of sulphur is some- 
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thing quite different, however. It is made 
by condensing the vapor or fumes of dis- 
tilled sulphur over water, or in a cool 
chamber, when it falls down as a soft 
fine powder, which is sulphur in a dif- 
ferent condition from merely powdered 
brimstone. The “flowers” of sulphur is 
more than half in what is called the 
“amorphous” or gummy condition, while 
the powdered or “flour” of sulphur is 
mostly in the crystalline condition. We 
will see in a moment what these mean. 
Take an ounce or two of brimstone 
and break it up so that it will slip down 
into a common test tube. The test tube 
must be held by a handle, either of wood 
or wire, as shown in a previous lesson, 
or at least with a loop of thick paper. 
Heat the sulphur carefully over a common 
flame or alcohol lamp. You will note 
that the sulphur melts to a clear thin 
liquid, of a magnificent yellow color. Pour 
some of this into a tumbler of water, 
and it will form hard yellow shot, which 
are made up of one of the two principal 
crystalline forms of sulphur. Now save 
most of the melted sulphur in the same 
test tube, and go on heating it. You will 
note that shortly it begins to get orange 
in color, then much darker, and soon it is 
so thick that you can hold the test tube 
upside down without its flowing out of 
the mouth of the test tube. Go on heating 
it, and in a short time, while still dark 
in color, it will get somewhat thinner, 
not as thin as it was when first melted, 
but thin enough to pour from the test tube. 
This hot sulphur will also boil, and if 
you let the vapors that escape from the 
test tube fall quietly onto the surface of 
some water in a tumbler, you will note 
the beautiful light yellow skin or “pellicle” 
of “flowers” of sulphur. You can pick 
this up like a thin piece of sheet rubber, 
for its elasticity is remarkable. But while 
the test tube of dark-colored sulphur is 
still hot, pour it out in a thin slow stream 
into a tumbler of water, noting that it 
falls down much like so much molten 
rubber. You will get a little pile of this 
rubber-like sulphur at the bottom of the 
tumbler of water; and as soon as it is 
cool enough to handle, pick it up in the 
fingers and handle it. It is precisely like 
softened rubber. You can draw it out, 
noting its elasticity. But set it aside for 
some minutes, and you will see that it 
soon becomes brittle, and also somewhat 
lighter in color. This elastic form of sul- 
phur is called “amorphous” sulphur; that 
is, elastic, gummy, noncrystalline. As it 
hardens and gets stiff it becomes crystal- 
line,,and somewhat lighter in color. 


MAKING SULPHUR CRYSTALS 


Now look at the sulphur which is still 
left on the sides of the test tube. Even 
with the unaided eye you can see that it 
is largely made up of needle-like crystals; 
they are of what is called the monoclinic 
form. Take enough sulphur to fill a 


small cup, melt it and let it cool until 
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it has just crusted over; then, breaking 
the crust, you will see the inside filled 
with a radiating nest of these needle-like 
crystals. They will show better if you 
pour off the still molten and not yet 
solidified sulphur. These crystals are of 
a beautiful golden yellow, but in a few 
hours, almost always after standing over 
night, they will lose their clearness, be- 
coming opaque, and somewhat lighter in 
color. This change is due to a change in 
crystalline form, not in the outside form 
of the crystal, but in the inside of the 
crystals. The new form is called the 
ortho-rhombic, and it is the form in which 
natural sulphur crystals occur. 

One can easily get some of these by 
making a solution of sulphur, as by dis- 
solving it in the foul-smelling liquid called 
carbon disulphide. This carbon disul- 
phide is frequently used as an _ exter- 
minator of insects about flour mills and 
grain elevators. It can be obtained from 
any druggist, and if you work with it you 
must remember to keep it away from a 
flame as it is exceedingly inflammable. 
If you should get some of this, you could 
easily make a solution of sulphur, after- 
ward pouring it out into a saucer and let- 
ting it evaporate, when the small ortho- 
rhombic crystals are seen to collect as the 
solution of sulphur in carbon disulphide, 
CS:, evaporates. If you ever take the 
trouble to go up to some mineral cabinet 
you will-see quite large crystals of this 
natural ortho-rhombic sulphur. 

In summing up, we will notice that sul- 
phur has several forms in the liquid state, 
and also several different forms in the 
solid state. In the liquid state there are 
three forms: First the thin, light, watery 
form, then the thick, dark-colored tarry 
form, and lastly the still dark but fairly 
liquid form which, poured into water, gave 
the amorphous form. In the solid state 
we found three forms, also: the two 
crystalline forms and the amorphous or 
rubber-like form. It is interesting to notice 
that sulphur carries on this tendency, to 
exist in several forms, even into the 
gaseous .state, as the vapor which we 
poured over the water is a very heavy 
gas, having the formula Ss, and if this is 
heated still higher it falls into a thinner 
vapor having the formula S,. 

This tendency for a substance to exist 
in several forms is called allotropism, and 
the different forms are called allotropic 
forms. There is no common element 
which can rival sulphur in the variety and 
perfection of these forms, nor in the ease 
which they are made; although carbon 
can exist in the common form of soot, 
and also in the two crystalline forms of 
the diamond and of graphite, or lead- 
pencil ore, and common iron can exist 
in several forms. When we come to the 
chemistry of iron and steel you will hear 
much of the so-called “alpha” and “beta” 
forms (these words alpha and beta are 
the old Greek names of the letters A and 
B). Common oxygen also can exist in the 








1006 


form of common oxygen, O:, and also of 
ozone, Os. Similarly we shall find that 
some of the oxides of nitrogen have al- 
lotropic forms, as also does common car- 
bonate of lime, in the forms of calcite and 
aragonite. 

The next subject to consider is the first 
oxidized form beyond sulphur, namely, 
sulphur dioxide; but this is so closely 
connected with sulphur trioxide and the 
making of sulphuric acid that we will 
leave the subject to another lesson. Mean- 
while just a word about the occurrence 
of sulphur. Until recent years most of 
the sulphur of commerce was obtained 
from the little island of Sicily in the 
Mediterranean sea, but some years ago, 
when boring for oil and gas in Louisiana, 
immense deposits of sulphur were found 
at a depth of only a few hundred feet. 
These deposits of Louisiana sulphur 
(which seem to be almost inexhaustible) 
occur in connection with a lime compound, 
gypsum or calcium sulphate; but the awk- 
ward thing about it was that the deposits 
were almost inaccessible from the fact 
that they were covered by thick and ob- 
stinate quicksands. All attempts of min- 
ing engineering to penetrate these quick- 
sands and to reach the sulphur deposits 
by shafts failed, until Dr. Frasch invented 
a method of sinking several large tubes 
in series, one within the other. Through 
the outer tubes steam and hot water are 
forced down at a temperature and pres- 
sure sufficient to melt the sulphur in the 
gypsum beds, and this molten sulphur was 
then forced up to the surface in a liquid 
stream where it is allowed to flow into 
large tanks and harden naturally. As it 
cools, it is broken up and shipped without 
further treatment. This curious method 
of mining sulphur accidentally happens to 
result in furnishing a very pure and a 
very refined form of sulphur; in fact, over 
99 per cent. pure; and this article has 
practically replaced foreign sulphur in the 
home market. 





Steel Bands versus Leather Belts 





By E. HoFrrMeEIstTer 





Successful trials have been made to 
replace leather belts by steel bands. Be- 
cause they have nearly no_ thickness, 
they avoid the main evil—the  slip— 
nearly perfectly (less than 1/10 per cent.) 
and have therefore an efficiency of more 
than 99 per cent. An especial friction 
layer is fastened on the pulleys in order 
to produce the necessary friction between 
the band and the circumference of the 
pulley. The length of the band is prac- 
tically constant. The distance of the 
shafts may be small. The air resistance, 
which is very considerable at high speeds, 
plays no role with steel bands. 

Band drive is exceptionally qualified 
for big drives and is very efficient, as well 
in regard to effect as to speed (to 330 feet 





POWER AND THE ENGINEER. 







a second). It is superior to rope drive 
by about 15 per cent., and is excellent for 
dynamos and motors and gas engines. 
The efficiency is nearly incredible. For 
example, at a trial a 3¢x3/128-inch steel 
ribbon ran at a speed of 190 feet a second, 
transmitting 146 horsepower. 

To transmit 100 horsepower at 200 rev- 
olutions a minute, with 40-inch pulleys, 
the cost per year, everything included (in- 
terest and amortization), would be $700 
with ropes, $400 with leather belts and 

2 with steel bands. 





National Gas and Gasolene Engine 
Trades Association 





The National Gas and Gasolene Engine 
Trades Association will meet on June 22, 
23 and 24, at South Bend, Ind., with 
headquarters at the Oliver hotel. 

This ‘association was organized some 
months ago to advance the interests of 
the gas- and gasolene-engine trade, and 
promote a _ profitable acquaintanceship 
among the various lines of trade inter- 
ested in the internal-combustion engine. 
Anyone who is interested in this type of 
engine, whether manufacturer, dealer or 
user, is eligible to membership. 

The program has not as yet been fully 
completed, but will include, among others, 
the following papers: 

“The Suction Gas Producer for Small 
Power Plants,” by:C. J. Atkinson, Water- 
town, Wis. © 

“Storage Batteries for Ignition Pur- 
poses,” by G. L. Chambers, Cleveland, O. 

“A Running Test of a Gas Engine, 
with Data,” by J. C. Miller, Chicago, as- 
sisted by others. 

“Water, Its Uses and Abuses in Rela- 
tion to Gas Engines,” by H. W. Jones, 
Chicago, IIl. 

“Some Accessory Items,” by E. H. 
Campbell, Detroit, Mich. 

“Compression Couplings,” by William 
S. Noyes, Chicago, III. 

“Advantages and Disadvantages of Sell- 
ing Gas Engines Through the Jobbers 
and Dealers.” 

An invitation has been extended to the 
American Gas Power Society and the 
National Gas and Gasolene Engine Manu- 
facturers’ Association to attend this meet- 
ing. 

By way of entertainment there will be 
a trolley ride from South Bend to St. 
Joseph, Mich., furnished by courtesy of 
Gas Power. The local Chamber of Com- 
merce has also arranged for an automo- 
bile ride and inspection of the large and 
interesting factories of the Studebaker 
Manufacturing Company and the South 
Bend Watch Company. Everyone who 
is interested in the line of work of the 
association is invited to attend these meet- 
ings, whether members of the associa- 
tion or not. 
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Coal Analysis * 


Coal-bearing rocks underlie three- 
fourths of Illinois, including 85 of its 
102 counties. The coal area is estimated 
at from 36,000 to 42,000 square miles— 
the largest area of bituminous coal within 
any single State. There are approximate- 
ly 1000 mines in the State of which over 
400 are railway shipping mines. The work 
of the State Geological Survey is there- 
fore very largely devoted to coal and the 
problems of the coalfields. 

Illinois ranks second among the States 
in the production of coal. In 1907, 51,317,- 
146 tons, having a total value of $54,- 
687,382 were mined. The figures for 1908 
are not complete but preliminary esti- 
mates indicate that Illinois was almost 
alone among the States in holding its 
production. While in the country as a 
whole the amount mined fell off from 15 
to 20 per cent., Illinois mines produced 
as much as or possibly more than in 
1907, a record year. Despite this gratify- 
ing fact it remains true that our mines 
are not working to anything like their 
capacity. In 1907 the average number of 
days worked was 218. It would probably 
be fair to assume 300 working days a 
year as possible. On this basis there 
was a loss of 30 per cent. of loss in our 
State. The reasons for this are com- 
plex. In part they lie in the nature of 
the coal, which prevents its storage with- 
out spontaneous combustion; in part, in 
the general ignorance as to correct meth- 
ods of firing and the real value of the 
coal; and finally in part, in the present 
organization of the industry with exces- 
sive competition in selling. The net re- 
sults are bad for the industry and there- 
fore for the State as a whole. Cheap coal 





reduces manufacturing costs but allows. 


wasteful burning. It also entails waste- 
ful mining and even prevents the introduc- 
tion of methods of safeguarding the men 
in the mines. It is a serious question 
whether we are not paying, in loss of life 
in the mines, in loss of efficiency in our 
plants, and in loss of interest and capital 
invested in the industry, more than the 
cheapness of the coal is worth. 

The study of the coal and coalfields of 
the State has been carried on both in the 
field and office. The work has been di- 
rected toward: 

(1) The solving of problems of strati- 
graphy, such as the distribution and cor- 
relation of various coal beds, together 
with the collection of all data relating to 
the origin and the mode of deposition of 
the coal and accompanying beds. 

(2) A study of the composition and 
uses of coals. 

(3) A study of the mode of occurrence 
of coal as relates to the methods and 
costs of mining. 





*Delivered as an address before the Illinois 
Fuel Conference at the University of_ Illi- 
nois, Urbana, Ill., by Dr. H. Foster_ Bain. 
director Illinois State Geological Survey. 
March 138, 1909 
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(4) A study of the preparation of the 
coal for the market, its transportation, its 
normal markets and the competitions 
which it meets. 

The first step in the solution of the 
problems of stratigraphy is the making 
of accurate detailed maps and the com- 
pilation of drill records. This is now 
being done and considerable areas near 
Peoria, Springfield, Belleville and in the 
Saline and Williamson county fields have 
been surveyed in codperation with the 
United States Geological Survey. These 
maps show the thickness and lay of the 
coal beds and from them it will be pos- 
sible to tell quite exactly how much coal 
is present and to plan its economical 
working. At present it is possible only 
to guess at the original content of the 
field and these guesses vary from 136 
billion to 240 billion tons. Either is 
perhaps sufficiently large for our com- 
fort. 

The study of the composition of the 
coal is directed especially toward the de- 
termination of its availability and the 
best means of using it. Samples are taken 
by uniform methods in the mine and in 
the market and in connection with the En- 
gineering Experiment Station elaborate 
experiments are being made of the meth- 
ods of storage, of handling the coal, and 
of burning it. We hope soon to take up 
the matter of gas production and coke 
making and have had under way for 
sometime certain preliminary experiments. 

The mode of occurrence as relates to 
mining methods and costs has been bare- 
ly touched. In my judgment it would 
be well if the State made separate pro- 
vision for this work. In the absence of 
special provision we are attempting to 
gather such notes as we can in the course 
of our regular work. “It has been found 
impracticable at the present time, mainly 
owing to limitations of funds, to undertake 
certain highly desirable studies of the 
technology of the mining industry and of 
the geographical distribution of markets 
for Illinois coals. It is believed that 
much good would result from investiga- 
tions along these lines and that certain 
portions of the work are well within the 
proper field of the State Geological Sur- 
vey. It is now well known that there is, 
under present commercial conditions, an 
enormous waste in the mining of Illinois 
coal. In individual districts it has been 
estimated to amount to as much as 60 
per cent., though of course, such losses 
are not general. It would, however, prob- 
ably be safe to say that in very many 
places 40 per cent. of the coal in the 
ground is left unmined or is ruined in the 
process of mining. In addition, the meth- 
ods of mining introduced in recent years 
have greatly increased the production of 
fine sizes and have also, seemingly, in- 
creased the danger to life and property 
in the mines. The causes for all these 
losses are complex, and it is not to be sup- 
posed that either operation or miners will- 
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ingly submit to them. Neither is it to 
be expected that the losses of life and 
property can be entirely done away with. 
At the same time experience has abundant- 
ly proved that careful and impartial in- 
vestigations of such conditions will point 
the way to the remedying of some at 
least of the abuses, and in view of the 
enormous importance of the subject to 
the State and the public at large, such 
studies are believed to be amply war- 
ranted. 

There has been no opportunity as yet 
seriously to take up the study of markets. 
The expansion of markets for Illinois 
coal is a matter of vital importance to the 
coal industry and indirectly to the people 
of the entire State. One of the most 
important means of promoting this ex- 
pansion is by removing certain misap- 
prehensions as to the quality of the coal 
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relating to weathering of coal and coal 
storage are especially important. 





The Easton Gas and Electric 
Company's Plant 


By Epwarp T. BINNS 


The Easton Gas and Electric Company’s 
generating plant is situated in South 
Easton, Penn., on a strip of land _ be- 
tween the canal of the Lehigh Coal and 
Navigation Company and the Lehigh 
river. This was originally a water-power 
plant receiving water from the canal and 
discharging into the river, the working 
head being about 20 feet. Up to 1905 the 
plant was operated in conjunction with a 
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and the pointing out of better means of 
burning, so as to increase its efficiency 
and decrease the smoke produced. This 
work has been taken up vigorously by the 
Engineering Experiment Station, which 
has published excellent bulletins on “How 
to Burn Illinois Coal Without Smoke,” 
and other similar subjects. In addition 
to this valuable work, there should be in- 
vestigations of the actual markets for 
the different grades of coal and of pos- 
sible enlargements of these markets. There 
are large areas to the northwest within 
which Illinois washed coals might profit- 
ably supplant Eastern coals now being 
sold. There are other areas to the south 
and west where, with proper organization 
of transportation agencies, even in ad- 
vance of improvement of the rivers, trade 
territory could be gained. Any widening 
of the market would be ‘of large benefit 
to the local industry, particularly if the 
summer market could be increased. For 
this reason the studies now under way 
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steam plant situated on Ferry street in 
Easton about 1% miles away. In that 
year it was found advisable to abandon 
the steam plant and build a new one in 
the same building with the water-power 
plant in South Easton. 


THe New STEAM PLANT 


In 1907 this Mew steam plant was en- 
larged 100 per cent. and the water-power 
completely remodeled. The present equip- 
ment consists of four steam units of a 
combined capacity of 2000 kilowatts, 
capable of carrying continuously 2800 kilo- 
watts, and three water-power units rated 
at 1120 and capable of carrying 1300 kilo- 
watts when there is sufficient water. The 
steam installation consists of four 400- 
horsepower Babcock and Wilcox water- 
tube boilers and four 500-kilowatt 60- 
cycle two-phase 2400-volt Curtis turbo- 
generating units running at 1800 revolu- 
tions per minute. The boilers have suf- 
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ficient capacity to carry 50 per cent. over- 
load on the turbines. Each boiler is 
equipped with 180 four-inch tubes and 
with 86 square feet, of Treadkill shaking 
grates. They are built for 200 pounds 
working pressure and have superheaters 
to give 100 degrees superheat. A low 
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after traveling three times its length, is 
discharged at the bottom of the opposite 
end. Steam enters at the bottom and 
the dry-vacuum pump connection is made 
at the tcp. This arrangement insures 
that the air removed by the vacuum pump 
will be as dry and cool as possible and 




















FIG, 2, UNLOADING COAL FROM THE CANAL 


grade of coal is used, forced draft being 
supplied by two 7-foot A B C blowers. 
Two steel stacks, 100x6 feet, furnish suf- 
ficient draft to carry half load on the 
boilers. Both the feed-water pumps and 
forced-draft equipment are _ controlled 
by automatic regulators. 

Coal is received from canal boats and 
unloaded by clam-shell buckets. It is 
then carried and dumped in the storage 
yard by means of a Hunt automatic rail- 
way. Sufficient coal is stored in the sum- 
mer months to last through the winter. 
A bucket elevator carries the coal from 
this yard to an overhead tank from which 
it is dumped by gravity into one-ton 
charging cars. These cars pass over 
scales before reaching the boilers, which 
are fired by hand directly from the cars, 
The ashes fall from the grates into the 
boiler ashpits, which have sloping bot- 
toms, are loaded by gravity into ash cars 
and dumped on the low land back of the 
plant. . 

The turbines are equipped with Alberger 
surface condensers of the 
type, with automatic hotwells from which 
the water of condensation is delivered to 
a storage tank. From this tank the boiler- 
feed pumps obtain their water. Makeup 
water is added at the condenser by means 
of a bypass between the steam and water 
chambers. The cooling water is siphoned 
from the canal through the condenser and 
discharged into the river. The bypass 
used for the makeup water also keeps the 
siphon free from air. 

The cooling water enters at one end 
and at the top of the condenser, and 


counterflow 
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water heater. The 4o0-kilowatt exciters 
are motor driven and are controlled by 
a Tirrill regulator. A 35-kilowatt steam- 
turbine exciter is used to start the plant 
in case of a complete shutdown. 

Foundations of both boilers and tur- 
bines consist of piers and reinforced-con- 
crete girders. The fact that the plant 
had to be placed in an existing building 
through which passed penstocks and tail 
races, made the ordinary foundation im- 
possible. 


Be HypraAuLic INSTALLATION 


The hydraulic installation consists of 
two 1000-horsepower and one 180-horse- 
power units, each consisting of two run- 
ners on a horizontal shaft. The largest 
units have 48-inch runners and are direct- 
connected to 500-kilowatt two-phase 60- 
cycle 2400-volt generators running at 150 
revolutions per minute, -while the smaller 
machine has 24-inch runners and is belted 
to a 120-kilowatt 60-cycle two-phase 2400- 
volt generator. Lombard governors are 
used on the 1oo0-horsepower units. 

On the electric end the steam and 
hydraulic plants are run in parallel, the 
object being to keep the hydraulic plant 
loaded at all times, and to handle any ex- 
cess load with the steam plant. Power 
is distributed by eight sets of feeders. 
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FIG. 3. 


that the hotwell water shall be 
highest possible temperature. 

On the turbines, hydraulic valve gear 
and oil step bearings have been installed 
in preference to electric valve gear and 
water steps. The auxiliaries, including 
two-stage dry-vacuum pumps, hotwell 
pumps, step pumps, boiler-feed pumps and 
blower engines, are steam driven, and their 
exhaust is condensed in a closed feed- 


at the 


TURBO-GENERATING UNITS 


Three two-phase 2400-volt lines transmit 
power to the Ferry street plant which is 
used as a center of distribution for both 
alternating and direct current. 
of motor-generator 


By means 
sets power is 
verted to direct current for lighting and 
trolley service, a Gould storage battery 
with a booster being used to even up the 
trolley load. Six single-phase lighting 
lines with phase voltage regulators di 


con- 
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tribute power and light from this plant. 
Three two-phase 2400-volt lines trans- 
mit power and light directly from the 
generating plant to the adjacent portion 
of the city, and two 11,000-volt three- 
phase lines transmit power about eight 
miles to Nazareth and Butztown. At 
Nazareth it is stepped down to 2300 volts 
two-phase to supply power and light to the 
city, and at Butztown power is delivered 
to a synchronous converter for trolley 
service. 

The company here is located in one of 
the best communities in the country for 
the development of light and power, 
especially the latter, as the city of Easton 
and surrounding territory are dotted with 
manufactories of various natures, prom- 
inent among them being a number of large 
silk mills which find electric drive par- 
ticularly applicable to their work. During 
the past fall the company passed under 
the control of the Doherty Operating 
Company, of New York, and already, 
under Henry L. Doherty, it has gained 
a strong impetus and is rapidly forging 
ahead and will no doubt outgrow its 
present plant within the year. The com- 
bination of steam and water under which 
this plant operates, puts it in a particularly 
favorable position in competing for the 
power of the different industries in its 
territory, and an interesting development 
in this field is the use of electric motors 
in conjunction with water wheels in the 
numerous feed and flour mills, soapstone, 
paint and other mills which are located 
along the rivers and streams flowing into 
the Lehigh and Delaware rivers which 
unite here. 

The power branch of the business has 
been developed to the point where a day 
load of 1400 kilowatts is carried on the 
plant continuously, and the field is only 
touched. In and around this company’s 
territory is a possible development of 
over 7500 horsepower, which the com- 
pany is making a strong effort to secure 
with exceptionally good success. The 
management of the company is invested 
in B. F. Cresson, formerly of the United 
Improvement Company, of Phila- 
delphia. His assistant, E. L. Franklin, is 
to be credited with the unique and ef- 
ficient equipment of the generating and 
distribution systems and the high standard 
of operating efficiency. 


Gas 





It is a case of leaping before looking 
when a boiler is immediately condemned 
because a certain horsepower is not being 
generated. The fault may lie in the en- 
gine rather than the boiler. Poorly ad- 
justed valves are responsible for large 
consumption of steam by the engine and 
the engineer cannot always detect the 
cause of the increase without mechanical 
aid. It is good policy to make use of an 
indicator and learn from it the root of 
the trouble that is responsible for the 
undue consumption of steam.—Engineer- 
ing Journal of Canada. 


POWER AND THE ENGINEER. 


Inspection for New York’s Low 
Pressure Boilers 





By A. C. Rowsey 





In a previous article upon the super- 
vision of the power of New York city 
exercised by the Sanitary Company, gen- 
erally known as the Boiler Inspection 
Bureau of the Police Department, it was 
stated that only three times in 46 years 
had there been boiler explosions in the 
city. To those who glanced through the 
commissioner’s report for 1908, this state- 
ment may seem to be in error, for a dozen 
accidents are reported as occuring to high- 
power boilers and a list of about 20 in- 
jured is given. » 

An analysis of the list of casualties 
shows that six of the twelve were caused 
by the blowing out of tubes. Of these, two 
were caused by defective metal, one by 
foreign matter found in the tube, and 
two were due directly to the crowding on 
of steam during the heavy traffic on the 
Brooklyn Rapid Transit in summer. Nine 
were injured severely, but none fatally, 
in these cases. 

Of the remaining six explosions, one 
was caused by the bursting of a cap on an 
economizer and another by the blowing 
out of a defective gasket on a lower man- 


hole plate. The gasket had been in- 
spected after it had been twice repaired 
and passed by the insurance company. 


Seven cast-iron headers in the front of 
one boiler cracked for some unknown rea- 
son and caused an explosion, but no one 
was injured. One of the explosions re- 
ported was the breaking of a steam pipe 
in a dry dock caused by the raising of the 
dock with the tide; another casualty was 
due to the escape of steam on the second 
floor of a plant. The steamfitters making 
repairs disconnected the pipe before the 
steam had been shut off and were scalded. 


DANGER FROM LOW-PRESSURE BOILERS 

Having analyzed the sins of the high- 
power plants, it will be interesting to con- 
sider those of the so-called low-power 
plants, particularly at this time, when an 
effort and a strong one, is to be made 
to bring them under the control of the 
Sanitary Company through an ordinance 
to be introduced before the board of alder- 
men. 

It is contended by the Sanitary Com- 
pany, that there are thousands of high- 
pressure boilers in New York, masquerad- 
ing as low-pressure boilers, 
cal sequence of intrusting 


with the logi- 
the plants to 
incompetents, the discharge of licensed en- 
gineers and the incidental escape of the 
plant from the vigilance of the Sanitary 
Company. 

In the Voss bill before the last session 
of the legislature, an attempt was made 
to define a low-pressure boiler as one not 
having more than 6 square feet of grate 
surface. At the rate of three horsepower 
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to a square foot of grate surface, it prac- 
tically permitted 18 horsepower instead 
of the 10 horsepower which the present 
law seemingly allows; only seemingly, ob- 
serve, for it really allows any pressure the 
owner cares to put upon his boiler, as it 
is not subjected to test, inspection, com- 
pulsory employment of a licensed en- 
gineer or any kind of supervision, as long 
as the safety valve is set for 10 pounds. 

There are low-pressure boilers in New 
York, with 30 and more square feet of 
grate surface, absolutely immune from any 
kind of regulation by the fact that the 
valve is set for 10 pounds pressure. What 
happens when the safety valve sticks or 
some other dangerous factor arises is 
shown clearly in a tabulation drawn up 
for Deputy Commissioner Hanson to be 
presented to the board of aldermen as rea- 
sons for the of the ordinance 
bringing the low-pressure and pseudo- 
low-pressure boilers under the care of the 
Sanitary Company. These casualties are 
only -a few of those that occur yearly in 
New York. not even re- 
ported to the bureau, being in many in- 
stances cases for the coroner. 


passage 


Others were 


They are 
worthy of consideration by the authorities 
of every large city where low-pressure 
boilers are not subject to regulation. 
October 22, 1908—Bernard Kolm, 23 
years old, janitor, killed by low-pressure 


boiler exploding at 673 Tinton avenue, the 


Bronx. 

November 10, 1908—Low-pressure boil- 
er exploded, 263 Vanderbilt 
Brooklyn; no loss of life. 

December 30, 19008—Fred Muntha, 37 
years old, janitor, burns about the eyes 
and body. Removed to Swedish hospital. 
Mabel Muntha, four years old, fractured 
skull, removed to the Cumberland street 
hospital. Died in hospital. Elizabeth 
Muntha, five years old, lacerated chin and 
leg and general contusions. 
Cumberland street hospital. These were 
the net results of the explosion of one of 
these high-pressure boilers masquerading, 


avenue, 


Removed to 


legally too, as a low-pressure boiler in 
the basement at 101 Quincy street, Brook- 
lyn. 

April 29, 1909—Dr. William Niles, 43 
years of age, 214 Lenox avenue. Killed 
in the basement of his residence by the 


explosion of a low-pressure boiler. He 
had forgotten to open the connections 
from the waterback, and the boiler 


naturally let go. 

Only a few days before a 
pressure 
woman. 


similar low- 
and killed a 
When the case was before the 
coroner, it was discovered that the man 
who installed the plant had fled. It was 
not necessary for him to leave, for ac- 
cording to law he could not be punished. 
Was not the safety 
pounds? 


boiler gave way 


valve set for 10 


Tue Courts’ Construction or Low-pres- 
SURE BOoILers 


The courts of New York, by their con- 
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struction of the word “and” in section 
243 of the Greater New York charter, 
have effectually tied the hands of the 
police and granted immunity to owners 
or lessees who wish to run plants without 
engineers and beyond the jurisdiction of 
the inspectors. The word occurs in the 
clause exempting from the compulsory 
employment of licensed engineers on cer- 
tain “boilers carrying not over 10 pounds 
of steam and not over 10 horsepower.” 
According to the courts, the 10 pounds of 
steam and the 10 horsepower are inter- 
dependent, one hanging to the other. 

Under this ruling, it is only necessary 
for the owner of a high-power plant to 
set the safety valve at 10 pounds to step 
out of the jurisdiction of the police, dis- 
charge his engineer and put a laborer in 
charge of a boiler which may have 35 
square feet of grate surface and a capacity 
of, perhaps, 100 horsepower. The law, 
knowing nothing of the bearing of grate 
surface upon steam capacity, goes by the 
letter, and the result is that owing to the 
increasing use of electricity supplied by 
central stations, thousands of high-pres- 
sure boilers have been converted into so 
many menaces to the lives and property of 
the occupants and owners of buildings. 
There is as yet no means of heading off 
the danger. 

A steamfitter tells an owner that if he 
has his safety valve set for 10 pounds, 
he can safely dispense with the service 
of his engineer and put on a laborer to 
handle the plant and take current for his 
motor and electric lights from an electri- 
cal company. That he need not have his 
boilers inspected and can refuse to make 
repairs. In addition, he will be freed from 
the trouble of sending in reports. Under 
the regulations of the Sanitary Company 
it was necessary to make twelve reports 
a year on the condition of the plant and 
the owner was forced to make repairs, the 
need of which he could not understand, 
not being an engineer. The proposition 
appeals to the owner. He keeps his boiler 
for heating purposes, connects all the 
radiators in the building and has the 
safety valve set for 10 pounds. Then 
he finds that his grate is too large and 
the safety valve is blowing all the time. 
The idea of selling the surplus steam to 
his neighbors is then conceived, and the re- 
sult is three or four houses are heated 
by a single boiler; a boiler which, ac- 
cording to law is a low-pressure affair 
carrying only 10 pounds of steam and 
having a capacity of only to horsepower, 
when in reality this same boiler has a 
capacity much in excess of this figure. 

Presently a warm day comes. The 
radiators in all the houses are shut off 
tight. The substitute for the licensed en- 
gineer is somewhere in the neighborhood. 
The indicator starts to spin and perhaps 
the safety valve sticks. Presently the 
substitute for a licensed engineer returns, 
looks at the meter, sees 150 pounds regis- 
tered, wonders a little, but thinks it is 
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all right because the valve has not gone 
off. There can be no danger; he opens the 
door and throws on a little more coal. 
Suddenly a tube gives, the substitute be- 
comes a blistered parboiled object writh- 
ing on the floor in a cloud of steam. The 
owner is fortunate. The giving of the 
tube saved the building. He can get an- 
other tube and another substitute. No 
one is to blame, that is, criminally. 


HOISTING-ENGINE MENACE 


Another menace to life and property 
in the city that has developed and is grow- 
ing rapidly, is furnished by the increased 
use of electricity for hoisting engines. 
Again the engineer’s salary is an im- 
portant element together with the dodging 
of repairs that should be made. The con- 
tractor does away with his boiler, sets up 
a motor, takes current from the street 
and a laborer is substituted for a licensed, 
skilled mechanic. It was just this penny 
wise and pound foolish policy that 
dropped one of the gigantic statues worth 
thousands of dollars as it was being swung 
into position on the front of the Hall of 
Records. It is liable to drop a ton of 
metal on the heads of pedestrians at any 
moment. And no one is to blame. The 
courts have held that there is no boiler 
and therefore no need for a licensed en- 
gineer, and the police department has no 
jurisdiction. 

The ignorance of the average owner of 
the fact that the supervision of his plant 
is as much for his own good as for that of 
the general public is most appalling. Only 
recently a man came into town with a 
traveling crane. He demanded exemp- 
tion from inspection of his boiler and the 
compulsory employment of an engineer, 
on the ground that his crane was a loco- 
motive engine, because forsooth, it ran on 
rails. It took considerable time to con- 
vince him, first, that the bureau was not 
persecuting him, second that there was no 
graft in it, and third, that it was as much 
for his benefit as for that of the public 
that his plant be regulated. Then he was 
willing to obey the law. 


Tue Voss BILL 


This bill, known as Assembly No. 443, 
was an attempt on the part of the Inter- 
national Union of Steam Engineers, act- 
ing with the approval of Deputy Com- 
missioner Hanson, to straighten out the 
kinks of the law and to do two important 
things. The first was to rip the mask of 
the law from the pseudo-low-pressure 
boilers, and the second was to obtain 
recognition for the ability of steam en- 
gineers to handle power other than steam. 
The increasing use of current from com- 
mercial electrical companies in large 
cities, particularly in hoisting plants, and 
the consequential discarding of boilers 
and discharge of licensed engineers and 
their substitution by laborers whose hands 
are untrained in the art of lifting, all com- 
bine to present a problem which engineers 
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must solve with legislation. The Voss bill 
was an attempt to solve it so far as New 
York City was concerned. 

The bill provided for the annual report 
of owners, agents, lessees, etc., and the 
inspection of every engine or engines, ir- 
respective of motive power, in addition 
to the previously stated steam boiler or 
boilers, by the Sanitary Company. The 
company, as heretofore, to limit the pres- 
sure “or power to be applied to such en- 
gine or engines, irrespective of motive 
power.” The certification of inspection 
to be precisely the same in all cases and 
the fee for inspection to be the same. 

It will be noticed that these amend- 
ments would give the Sanitary Company 
practical supervision of the power in New 
York, as it states “irrespective of motive 
power,” be it electrical, gas, gasolene, 
hot air, in addition to its present control 
of the high-pressure steam plants. The 
amendments are frankly directed at the 
control of hoisting engines where electric- 
ity is used. 

In this connection, it might be pertinent 
to inquire the amount of expert knowledge 
the police department possesses of motive 
power other than steam. Its bureau of 
electrical service, consisting of 107 men, 
with 10 exceptions all patrolmen, operate 
2000 miles of special police wires and 
make all repairs and maintain the electric 
light and power of the department. 

It has even been said that there are 
inspectors in the Sanitary Company who 
are not practical engineers. A _ careful 
investigation failed to find one who had 
not a certificate as a licensed engineer, 
obtained before he entered the department, 
and the records of the bureau show that 
each man in touch with the practical work 
of the bureau passed an examination be- 
fore the examiners on his ability as an in- 
spector when he was drafted into the 
bureau. Further, each man has had his 
qualifications for the posizion certified to 
by three citizen engineers of good stand- 
ing in New York. 

It is in fact remarkable how many en- 
gineers, boilermakers and steamfitters are 
to be found among patrolmen. Recently 
ten were required to operate the harbor 
flotilla of gasolene launches. Thirty-five 
were drawn from the force and sent to 
the bureau for examination. A number 
were rejected as having no experience in 
that line of work, stationary men mainly, 
and 10 were sent to the harbor squad on 
probation. All of the 35 had certificates 
showing good standing as engineers, ob- 
tained, necessarily, before entering the 
department. 

To continue with the bill, the amend- 
ments to section 343 exempted vehicles 
and chartered railway locomotives or boil- 
ers not carrying over 10 pounds of steam 
and “not having more than 6 square feet 
of grate surface,” and here is where it 
hit those operating such plants, “or to 
operate any engine, irrespective of motive 
power, exceeding 10 horsepower,” without 
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a certificate. The remainder of the sec- 
tion ran as formerly, and at its conclusion 
the following addition, brought the crafts 
that ply around New York, under the sup- 
ervision of the bureau, and in that way, 
under the engineers of the city: 

“This section,” it stated, “shall also ap- 
ply to and include the operation and use 
of all boilers and engines in vessels used 
on the waters in the city of New York, 
not coming under the jurisdiction of the 
United States Government.” 

This refers to derricks, scows and non- 
passenger and nonfreight carrying boats, 
solely, for a later amendment eliminates 
motor boats, gasolene launches, etc., used 
privately. 


New ORDINANCE UNDER Way 


The failure of this bill to win a favor- 
able hearing at Albany, followed im- 
mediately afterward by the killing of Dr. 
Niles previously referred to, and the 
Schreyer decision were the motives for 
the drafting of a new ordinance for the 
regulation of low-pressure boilers to be 
submitted to the board of aldermen. That 
the police department had no jurisdic- 
tion over boilers used for generating 
steam for heating purposes, regardless of 
the size of the boiler, had been the de- 
cision in the court of special sessions, 
April 29, 1909, in the case of John 
Schreyer, of 343 Central Park West. 

At this address is a 20-family apart- 
ment house. The boiler is 12 feet long 
by 3 feet in diameter. Since 1902 it had 
been a licensed high-pressure boiler sub- 
ject to annual test and inspection. But in 
1908, Schreyer decided to run the boiler 
at low pressure. John Adams, found 
operating the plant without a license, was 
summoned to the West Side court and 
held for trial in the court of special ses- 
sions for violating section 343 of the 
charter. He was promptly discharged by 
that court, it being decided that the 
charter does not authorize the police de- 
partment to examine boilers in private 
dwellings, although the danger of the 20 
families arising from the combination of 
an unlicensed engineer running an un- 
licensed boiler was explained. 

The ordinance as drafted by Lieutenant 
Breen and being considered by Deputy 
Commissioner Hanson for final draft and 
presentation, is as follows: 

“All boilers used for generating steam 
for heating purposes in the city of New 
York are hereby placed under the jurisdic- 
tion of said police department which is 
hereby authorized and employed to test 
said boilers. Such tests of boilers shall 
be conducted in accordance with the pro- 
visions of the Greater New York charter 
and laws of the State of New York as are 
applicable to boilers provided for in said 
charter and laws. 

“The provisions of this ordinance shall 
not apply to the use of steam boilers for 
generating steam for heating purposes 
in any private dwelling which shall be 
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intended or designed for, or used as, the 
home or residence of not more than two 
separate or distinct families or house- 
holds. <A violation of this ordinance is a 
misdemeanor.” 

It is expected that if passed, the or- 
dinance will be beneficial in two distinct 
ways. It will prevent the owners of large 
apartment houses from taking advantage 
of the Schreyer decision and run their 
boilers independent of engineers or in- 
spections, and it may afford a chance to 
examine and bring under the system of the 
bureau the class of men now operating 
the low-pressure plants, with the probable 
formation of a fourth-grade engineer 
authorized to run low-pressure plants only. 

It is conceded by the bureau that to 
force an owner of a low-pressure plant, 
in a building where the rents are not 
high, to employ a licensed engineer of the 
third grade is a hardship. For the op- 
cration of these low-pressure plants a 
class of oilers, firemen and general as- 
sistants who have not completed their 
time for the third-grade certificate, might 
be secured, examined and attached to the 
bureau, and the same system of monthly 
reports and annual inspection be extended 
to them. 





Cast Iron Fittings and Superheated 
Steam 


By JoHN PRIMROSE 


Articles have been appearing in engi- 
neering papers and manufacturers’ pub- 
lications in which superheated steam has 
been charged with being responsible for 
the failure of cast-iron fittings, and for 
trouble due to leaky valves in steam-pipe 
connections. In cases where there has 
not been time nor opportunity to investi- 
gate thoroughly, the result has been rather 
to militate against the use of superheat, 
and in many cases people have been afraid 
to avail themselves of the increased econ- 
omy and other advantages of superheated 
steam. Statements to the effect that all 
cast-iron fittings and valves must be re- 
placed by cast steel, if superheated steam 
is to be used safely, are most unfortunate 
at the present stage of development of 
superheated steam in this country, because 
the popular knowledge of the subject is 
such that the effect of such a statement 
is to picture untold troubles of all kinds 
with the steam equipment for which no 
possible increase in economy would be a 
recompense. It is a pity to block an ad- 
vance in steam economy of such un- 
doubted value unless, of course, there is 
some real danger in the way. 

In a number of cases, cast-iron fittings 
through which superheated steam was 
passing failed in various ways, and the 
conclusion arrived at was that super- 
heated steam weakened the metal. The 
complete lack of a satisfactory theory or 


IOI! 


reason why superheated steam should 
weaken cast iron and make fittings and 
valves made of that material dangerous 
arouses suspicion of the correctness of the 
conclusion. Test bars were carefully cut 
from some of these fittings and the break- 
ing strain compared with what it should 
be for an average run of iron. The metal 
of the broken’ fitting showed, in some 
cases, but half the tensile strength, and 
the conclusion arrived at was that super- 
heated steam passing through a fitting re- 
duced its tensile strength at least 50 per 
cent. The logic whereby the conclusion 
is obtained is not apparent. The fitting 
was evidently weak, etherwise it would 
not have failed; so that nothing has been 
learned by breaking test bars. Further, 
cast-iron fittings have been failing in 
saturated-steam lines since the metal was 
first used for the purpose, easily accounted 
for by the well-known difficulty of making 
homogeneous castings and the difference 
in the tensile strength of castings from 
the same heat. It is not remarkable, then, 
that several cast-iron fittings have failed 
when passing superheated steam, and the 
cause is much more likely to be the origi- 
nal weakness of the metal rather than the 
effect of superheat. Cast-iron 
carrying a fluid so far removed from 
superheated steam as water have been 
known to decrease in weight and fail in 
different ways. Certain it is that cast- 
iron fittings have failed in many ways 
before the advent of superheated steam in 


fittings 


this country, and it seems unreasonable 
that a few subsequent failures should be 
considered proof that superheated steam 
is injurious to cast iron. 

One manufacturer of cast-steel fittings 
has made elaborate tests, exposing cast- 
iron flanges to varying temperatures from 
500 to 800 degrees Fahrenheit, for a num- 
ber of weeks. The effect on a flange 121%4 
inches in diameter was to increase the 
diameter y}$%s of an inch. Upon this 
is based a theory that a molecular change 
in the metal has resulted, the increased 
volume indicating loss in tensile strength, 
and that possibly the carbon silicon and 
phosphorus contents of the metal are so 
affected by the temperature that the 
strength is impaired. There are very 
many reasons why this latter is scarcely 
possible, but assuming for the sake of 
argument only that cast iron does “grow” 
and lose strength at these varying tem- 
peratures, why condemn _— superheated 
steam? If superheated steam were 
allowed to vary in temperature to any 
such extent as these tests, the damage to 
fittings and valves in the steam line would 
be quite inconsiderable compared with the 
difficulties in operating the engines or 
turbines. 


Constant temperature is essential to suc- 
cessful operation whether saturated’ or 
superheated steam be used, and it is quite 
possible with properly designed super- 
heaters to keep a temperature within 10 
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degrees either way of a determined point, 
or a maximum variation of 20 degrees. 
It is quite true that in some cases super- 
heaters have been so designed that the 
temperature fluctuates and troubles have 
followed, but the troubles with the pipe- 
line fittings have been the least of these, 
and the cause has been not the tempera- 
ture due to superheat, but the fluctuations 
in temperature due to the design of the 
superheater, in the same: way that a fault 
in the design of a boiler, engine, or con- 
denser is likely to be heard from. 

So much has been charged against 
superheated steam that an investigation 
was started to find out what the people 
of most experience in the use of super- 
heat in this country and abroad had 
found out concerning the effect of super- 
heated steam on cast iron. 

In Europe superheaters are always a 
part of a power plant of any importance 
and superheated steam has been in com- 
mon use there for more than thirty years. 
If, in the few years during which super- 
heated steam has been used in this coun- 
try such destructive characteristics have 
developed, the Germans with their thirty 
years of experience ought to be in a posi- 
tion to tell us about it. A well-known 
German engineer was recently in this 
country, and the matter was brought to 
his attention. He was interested and sur- 
prised that he had not learned before of 
the efiect of superheated steam on cast 
iron and promised to look the matter up 
on his return home. He has since writ- 
ten that he could not find anything in their 
engineering literature to bear out this con- 
tention, or anyone who believed that such 
a thing was possible This engineer’s ex- 
perience with superheated steam extends 
over twenty-five years or more and shows 
that highly superheated steam—6oo de- 
grees Fahrenheit—has no effect on cast 
iron. He uses fittings of gray-iron cast- 
ings, except where the government speci- 
fications insist upon cast steel. The gov- 
ernment insists upon cast steel at times, 
but with regard to the pressure of the 
steam rather than to the temperature, and 
is not influenced by the steam being 
saturated or superheated. 

Investigations in England, where super- 
heaters have been used for a much longer 
time than in this country have resulted in 
much the same information. A member 
of the engineering staff of one of the 
steam-users’ associations corresponding to 
our insurance and inspection companies 
writes that he “has not found any reduc- 
tion in strength of either cast iron or steel 
due to temperatures obtained in practice.” 
As in Germany, cast steel is used for fit- 
tings above certain pressures, but it is be- 
cause of the pressure and not at all be- 
cause the steam is superheated. Different 
steam-users’ associations in England have 
been consulted and they have all agreed 
that superheated steam does not weaken 
cast iron in their experience. 

In this country there exist many proofs 
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of the fallacy of the theory that super- 
heated steam weakens cast iron. A num- 
ber of superheaters built entirely of cast- 
iron pipes and headers were installed in 
190I—eight years ago. These superheat- 
ers are located in the settings of Babcock 
& Wilcox boilers above the first pass of 
tubes, directly in the path of and sur- 
rounded by gases at 1000 to 1200 degrees 
Fahrenheit. These superheater tubes are, 
of course, cooled by the circulation of 
the steam at 175 pounds pressure and 
superheated 150 degrees, but must be con- 
siderably hotter than the temperature of 
the steam, or than the usual temperature 
of cast-iron fittings, in steam lines dis- 
tributing the superheated steam. These 
superheaters are still in successful opera- 
tion and have cost nothing for repairs. 
About two years ago it was necessary to 
move one of the units containing one of 
the superheaters. The superheater had to 
be taken apart and was carefully exam- 
ined. Absolutely no evidence existed of 
any deterioration in any way and _ the 
superheater was reérected in the’ boiler 
and went together as easily as when first 
installed. The superheater tubes are 7% 
inches inside diameter, 12 feet 6 inches 
long, made of good gray iron, care being 
taken to secure sound castings. The peo- 
ple who built this superheater have 
changed the design of the superheater 
tube somewhat, although retaining cast 
iron as the best material to meet the hot 
gases and have installed upward of 
1,000,000 horsepower of superheaters, and 
except in a very few isolated cases have 
used cast iron for all fittings connecting 
the superheater to the boiler and _ its 
various sections to a common outlet. 
Some of these fittings are in contact with 
hot gases, being inside the boiler settings, 
and have been in service since 1901. In 
not one single instance has trouble been 
reported in any of these fittings which 
could be traced in any way to the effect 
of superheated steam, and this company 
still continuous to use cast iron for all fit-, 
tings and considers it to be the best ma- 
terial for the purpose. 

The result of investigation at a plant 
where a large cast-iron fitting showed 
signs of weakne’s, and superheated steam 
was charged with being to blame, is inter- 
esting in this connection. The plant con- 
sists of 32 water-tube boilers arranged 
in two decks, 16 on the upper floor and 
16 below. A steam header connects the 
boilers on each side of the upper boiler 
room and these headers come together 
in a tee at the end of the boiler room. 
This tee has an opening looking down 
which connects with a larger tee below, 
taking the steam from each side of the 
boiler room on the lower floor. The main 
steam line to the engines carrying all the 
steam generated starts from this tee. The 
large tee taking steam from the upper and 
lower boiler-room floors was the tee that 
failed. It showed surface cracks and was 
distorted. Investigation disclosed that 
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only 14 of the boilers on the upper floor 
were equipped with superheaters, and that 
these superheaters were good for but 75 
degrees of superheat. The superheated 
steam from these 14 boilers was mixed 
with the steam from 18 boilers furnishing 
saturated steam containing the usual per- 
centage of moisture, so that the steam at 
the tee which failed could not have been 
superheated more than 30 degrees, and 
even the most ardent critics of superheat 
insist that more superheat than this is 
necessary to bear out their arguments. 
Further investigation disclosed other in- 
teresting facts. All of the fittings on the 
boiler and superheater outlets were of 
cast iron. The fittings on the boiler out- 
lets downstairs (saturated steam) were 
all affected in the same manner as the 
large tee just described. The fittings on 
the superheater outlets upstairs (super- 
heated steam) showed no such effect. 
The explanation is evident. The large 
tee most seriously damaged was subjected 
to varying temperatures, and consequently 
continually changing strains, due to the 
mixture therein of superheated steam with 
steam containing moisture. The fittings 
passing saturated steam only were proba- 
bly attacked by some impurity in the feed 
water, while the fittings passing super- 
heated steam escaped because all of the 
moisture was evaporated in the super- 
heater and in this way were protected 
against the injurious action of the satu- 
rated steam. Here is a complete reversal 
of the situation, and yet this particular 
case has influenced many persons against 
superheat. 

In addition to all this evidence exoner- 
ating superheated steam, and in order to 
be sure that at temperatures proper for 
use in engines and turbines it could have 
no possible effect on cast iron, a prominent 
foundryman, himself engaged in manufac- 
turing steel fittings, and a well known 
metallurgist were consulted. Samples cut 
from cast-iron fittings on the inlet (satu- 
rated) and outlet (superheated) connec- 
tions of a superheater in use for more 
than five years and superheating steam to 
550 degrees Fahrenheit, were photo- 
graphed under a microscope and carefully 
examined. The opinion of these experts 
is that there is no reason to expect any 
graphitic change in the iron at tempera- 
tures less than 700 degrees Fahrenheit. 
The only graphitic change which would 
seem possible in the metal would be the 
changing of graphitic to combined car- 
bon, which would result in the hardening 
of the metal, slightly increasing its tensile 
strength. It is customary in annealing 
furnaces to use a temperature in excess of 
goo degrees Fahrenheit to produce any 
effect in gray iron. Micro-photographs 


taken of samples from the center of the 
cross-section of the inlet and outlet fit- 
tings showed no more difference in the 
amount of carbon present than would be 
expected at different points in the same 
cross-section, proving that there was no 
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change ‘n the carbon conditions by reason 
of superheated steam. Photographs of the 
edge of the polished cross-section were also 
examined, showing the close-grained iron 
which always occurs near the outlet surface, 
due to chilling contact with the sand in the 
mold. Here again the experts report no 
change in the condition of the carbon by 
reason of exposure to superheated steam. 
Photographs were also taken of the pol- 
ished surfaces after being etched with 
acid of different samples from inlet and 


outlet fittings, but examination showed 
no effect of superheated steam. 
The foregoing statements evidently 


prove that something more than superheat 
is necessary to destroy cast-iron fittings. 
Unusually high temperatures (it is pos- 
sible to convey steam superheated as high 
as 1200 degrees Fahrenheit, and it is being 
done in this country) undoubtedly need 
special treatment, but for the ordinary 
steam-power plant the best results are ob- 
tained by superheating the steam to a final 
temperature not exceeding 500 degrees 
and in designing the superheater to main- 
tain a closely constant temperature. At 
this temperature and under these condi- 
tions no ill effects need be feared from 
cast-iron fittings, nor any other parts of 
the equipment. Sudden variation in tem- 
perature, or changes from superheated 
steam to steam containing large quantities 
of moisture are bound to result in trou- 
bles of all kinds, but the design of the 
superheat is to blame. 





Efficiency 





By F. L. JoHnson 





Someone had written an inquiry about 
the amount of water needed for the con- 
densation of steam, and my _ thoughts 
turned toward general condenser problems. 
As I pictured in my mind one jet con- 
denser after another, I dwelt longest on 
the one designed by Charles T. Porter. 
In his design there was a cone-pointed 
plunger running under water all the time, 
and attention has often been called to the 
point on the end, ascribing to it the cause 
of the quiet operation of the air pump. 

As the plunger was submerged all the 
time I could not see that the shape of the 
end had anything to do with noise or 
lack of it. I could not understand that as 
long as the plunger was submerged it 
would matter whether the end was convex, 
flat or concave, and I was on the point 
of hunting up someone with fixed con- 
Victions as to the necessity of a pointed 
plunger in the Porter air pump when my 
friend Sawyer quietly entered. Handing 
me a cigar and a match, he said: 

“T did not come in to stay long, for I 
shall be in the city a week or more and 
will see you often during that time. As 
I came down Broadway this morning I 
failed to see the wave-motor exhibit and 
that made me anxious to show you some 
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sketches of wave motors that I attempted 
to elaborate during the first three or 
four years of my life in the East. 

“The clotheslines, fence posts, sheave 
pulleys and cider barrels that traveled 
from our neighborhood to the beach at 
the end of the gas-house road to be used 
in the construction of wave motors would 
fill a junk shop. With my companions I 
built wave motors of all grades and types 
and every one of them would ‘mote,’ but 
they one and all lay right down as soon 
as any work was put on them; they 
took up a whole lot of room and worked 
to the ‘queen’s taste’ until the load was 
put on. They seemed to lack in ef- 
ficiency, and that reminds me that I re- 
cently attended a lecture on the subject 
of efficiency. 


| 
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MAKING O’SULLIVAN HEELS FROM 
PUMP VALVE 


A NEW 


“It was along slightly different lines 
from what I expected, as it related entirely 
to the efficiency of the human drudge, in- 
stead of the steam or gas engine, as I 
had hoped. But I do not think the time 
spent listening was entirely lost, for as 
the speaker described his particular plan 
for getting a big increase in the work done 
by a man for a small increase in the 
sum paid in wages, I could not help think- 
ing of how he would tackle the modern 
power plant, how he would rate the dif- 
ferent men employed and how he would 
decide which one of the many operatives 
was a man of one hundred per cent. ef- 
ficiency. 

“His talk was a description of one of 
the numerous different profit-sharing 
schemes which have been introduced in 
many manufacturing plants in the country, 
and if his program is applicable in one 
industry it should be in another. In the 
central station power is the product to 
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which each worker contributes. Coal, 
water, oil and brains are among the 


articles of consumption and all are bought 
as cheaply as possible. 

“Now, the question that bothered me 
all the evening was, how would the ef- 
ficiency of the various brain purveyors in 
a steam plant be determined; for each 
worker is supposed to have enough in- 
telligence to follow the lines of correct 
practice in small if not great emergencies. 
Of three or four subordinates in an en- 
gine room, each of whom attends to the 
same number of oil holes, wipes the same 
number of engines and polishes an equal 
area of bright work, can one show that 
he is more efficient than another? 

“Then, at times a man is paid merely for 
being present in the plant, to be ready, 
like a cold chisel or a monkey wrench, 
for use if needed. How will such a man 
raise or lower his efficiency ? 

“In passing through the basement of a 
steam plant one day, all alone, I saw 
a man whose work at that particular hour 
I knew to be that of waiting for a signal 
to start the auxiliaries to a turbine. He 
was working at something. I looked over 
his shoulder to see what he was doing. 
He was making a pair of O'Sullivan heels 
As 
the lecturer had said something about the 
question of efficiency being a moral one, 
I wondered how the moral attitude of the 
man who took supplies, which were 
bought for the purpose of keeping the 
plant in running order, for his private 
use affected his efficiency. And I would 
like to know, if I could, to what extent 
the economical practices of the amateur 
cobbler reacted on the efficiency of the 
man who lacked one valve the next day 
when he started to put a pump in order. 

“In the discussion followed the 
lecture, I put the up to the 
speaker. He dodged it by saying that no 
man should be blamed for stealing if the 
opportunity occurred, provided he did not 
steal time that belonged to the employer, 
and that the and not the 
men were responsible for petty thievery 
about a plant. These were not the exact 
words, but they convey the idea that he 
expressed, 


for his shoes from a new pump valve. 


which 
question 


management 


I did not ask any more ques- 
I got a mixed idea of the 
lecturer’s opinion of what constituted mor- 
ality, when he that under his 
system wages could never be cut, but he 
admitted that they might under 
circumstances be re-adjusted. 

“Do you know that in all of the schemes 
that I have looked at (and they are not 
a few) for the betterment of conditions 
the viewpoint seems to be that of the 
owner and profit-maker, and if anything 
comes to the men it is incidental and not 
a part of the original program? Un- 
sightly but practically dustproof wood 
clothes closets are replaced by expanded 
metal lockers which allow more dust to 
settle on and into a man’s street coat in 
a day than would be collected in a yea 


tions, but 
stated 


some 
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of ordinary exposure on the primitive 
peg on the wall that satisfied my father. 
In these days of hustle and concentration 
my father’s engine room, with its tallow- 
pot cylinder lubrication and red lead and 
hemp manhole gaskets, is pointed at as 
the horrible example of how things used 
to be before our day of the ‘survival of 
the fittest.’ I have noticed some differences 
that the molded gasket and the ready- 
to-wear packing salesmen overlooked. 

“My father lived in his own house, 
wore all-wool clothing and leather shoes, 
and ate good food, while his successor in 
the new engine room, with everything up- 
todate from the brass-bound, multiported 
valve engine to the expanded-metal locker 
through the meshes of which may be seen 
the premium lunch box, lives on a rented 
shelf in the side of a brick cliff, wears 
shoddy clothes and paper-soled shoes, 
and eats adulterated food, 

“But I did not run in here to take up 
your time preaching discontent and I will 
cut it out right now, if you will tell me 
the difference between the rating of a 
boiler and its capacity.” 
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THE MAN WHO LACKED A VALVE THE 
NEXT DAY 


T said that I understood that the rating 
of a boiler was its capacity for doing work 
under prescribed or conventional condi- 
tions of grate area and draft, while its 
capacity may be made almost what is de- 
sired by varying the grate area and draft. 
Just here an inventor of a rotating-engine 
valve, which would never wear shoulders 
on itself or the seat because it traveled 
the same way all the time, was shown in 
and Sawyer, with just a hint of a wink, 
went out. 





The California State association of the 
National Association of Stationary Engi- 
neers will hold its sixth annual convention 
during the week of June 14 to Ig, in- 
clusive, in the Auditorium, Page and Fill- 
more streets, San Francisco. In conjunc- 
tion with the regular convention arrange- 
ments have been made to hold a 
chanics’ fair. The main floor of 
Auditorium has been subdivided 


me- 
the 
into 


booths which have been leased to all the 
great manufacturing firms doing business 
on the Pacific coast. 
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The Fuel Question in Texas 





The question of fuel is a grave one in 
many parts of Texas. There is probably 
not a State in the Union where so many 
experiments are being carried on and 
where the methods of firing change so 
often as in Texas. Crude oil is pre- 
ferred in the majority of places and seven 
out of twelve plants visited were equipped 
to burn oil—at the right price. But the 
price of oil in Texas is as changeable as 
the weather in Cleveland. In fact it is 
believed by many that a certain man in 
Cleveland has a great deal to do with the 
price of oil in Texas, but this was 
strenuously denied by an. oil man with 
whom I talked the other day. Just at 
present the price of oil is soaring and 
this may or may not have some connec- 
tion with the automobile full of Standard 
Oil money which was unloaded at the 
State capitol building at Austin a few 
days ago. Uncle Sam’s big fine did not 
stick, but they do things differently in 
Texas. Perhaps Texas will pay it back 
in the long run. At any rate oil is up 
just now and several of the oil-burning 
traction plants are preparing to change 
back to coal. 

Oil buying is a great gamble and the 
traction manager who can get in right at 
just the psychological moment can show 
beautiful decreases in his operating ex- 
penses as long as the contract holds good, 
but if his contract happens to expire at 
the wrong moment he is likely to find 
himself in a bad fix. 

They say that the Chinese invented the 
idea of burning crude oil. At any rate 
the Chinese idea of selling goods has been 
adopted in selling oil. The Chinaman 
figures that if you buy a little, you don’t 
need it very badly, but if you want a great 
deal of anything it shows you need it 
badly and the price increases correspond- 
ingly. It is so with oil in Texas. The 
oil man told me that the price on one 
car that day was 62 cents at the wells, 
but on a 100,000-barrel order the price 
was 88 cents. He explained that the 
price was regulated by the demand, and 
that usually the demand was greater than 
the supply. The benevolent oil company 
aims to let everyone have a bite; hence 
if you want a large supply you have to 
pay more for it. He also explained that 
some of the big steam roads were still 
buying under contracts made several years 
ago at around 27 cents, and the oil people 
shed tears every time they load a barrel 
of oil for this road. To make up for it, 
the people who want big supplies these 
days have to pay $1 and in some localities 
$1.25 for the same product. New fields 
are constantly being opened up and the 
price frequently fluctuates from 50 to 90 
cents in a day or two. So the traction 
operator who burns oil usually sleeps with 
a ticker alongside of his bed. The oil 
man said that one barrel of oil was equal 
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to one ton of coal, hence it was better 
to pay as high as $1.60 per barrel for oil 
than $5.50 per ton for coal, which is the 
price of good lump and slack in some por- 
tions of the State. A number of roads 
figure that $1 for oil is about the breaking 
point. 

The best coal used in Texas comes from 
the McAlester district in Oklahoma. It 
is cheap at the mines, but the freight rates 
bring it up to from $4 to $5.50 in the 
southern part of the State. McAlester 
coal deteriorates rapidly when exposed to 
the air and is subject to spontaneous com- 
bustion if stored in large piles, so that 
it is difficult and undesirable to store it 
in large quantities. 

The power stations at Temple and 
Austin are arranged to burn either oil or 
lignite. Lignite is a _half-grown coal 
found in that immediate neighborhood. 
It shows fixed carbon 25.2 per cent., 
volatile matter 46.2 per cent. ash 9.5 
per cent. and moisture 19.1 per cent., and 
it has a specific gravity of 1.32. It costs 
75 cents at the mine, or $1.30 delivered 
at Temple, and in steam-producing prop- 
erties it requires about 1.8 tons of lignite 
to equal 1 ton of McAlester coal. There 
is little ash and no clinkers, but the 
item of labor is largely increased on ac- 
count of its free burning properties. The 
ash produced is high in acid and must 
be removed frequently. 

At Abilene they burn lignite mixed with 
a high-grade oil, while the company at 
San Angelo uses lignite in a gas producer 
and uses the gas in a gas engine. The 
company at Texarkana has its plant ar- 
ranged for either natural gas or crude 
oil and at present uses gas.—George S. 
Davis in Electric Traction Weekly. 





Society for Promotion of Engi- 
neering Education 





It has been decided to hold the seven- 
teenth annual convention of the Society 
for the Promotion of Engineering Educa- 
tion at Columbia University and Pratt 
Institute, in New York and Brooklyn, on 
June 24, 25 and 26. These dates im- 
mediately precede those of the meetings 
of the American Institute of Electrical 
Engineers, the Society for Testing Ma- 
terials and the American Society of Civil 
Engineers, and New York City is ver) 
near the geographical center of the meet- 
ing places of these three other societies. 

An unusually attractive program has 
been arranged which will include the re 
port of the joint committee of engineering 
societies on engineering education, by. 
Dugald C. Jackson; a report of the com 
mittee on technical books for libraries, 
by Arthur H. Ford; a report of the com- 
mittee on engineering degrees, by William 
F. M. Goss; a report of the committee 
on entrance requirements, by Robert 
Fletcher ; besides contributed articles. 
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Real Relation of CO, to Chimney Losses 


In Which Is Shown How Unreliable Is the Percentage of CO, in Deter- 
mining Chimney Losses without Considering Hydrogen, CO and Moisture 
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There has been considerable work done 
recently relating to the economic combus- 
tion of coal, and it is possible that the 
average engineer is led to believe that 
to secure a high economy it is necessary 
to get a high percentage of CO: in the 
flue gas. Under a very few conditions a 
high CO: and a low flue-gas temperature 
will indicate a high economy or at least 
a low chimney loss, but it is not to be 
supposed that these factors always indi- 
cate such a condition. It is an easy thing 
to get a continuous record of both the 
temperature and the percentage of CO: in 
the flue gas, as. continuous recording ma- 
chines are on the market, some of which 
will give as accurate an analysis as could 
be obtained with an Orsat apparatus. 
However, the fact seems to have been 
overlooked that while the percentage of 
CO: is a very desirable thing to know, it 
cannot be used with certainty in calculat- 
ing chimney losses, and in most all cases 
it affords only a crude approximation, 
while in many it is 20 or 30 per cent. off. 
the true loss. 


PROXIMATE AND ULTIMATE ANALYSES 


In spite of modern educational advan- 
tages the ordinary engineer has not the 
chemical foundation so helpful in the 
managing of a boiler house, and a little 
time devoted to the explanation of some 
boiler-house chemistry will no doubt be 
well spent. When a sample of coal is 
sent to a chemist for analysis, two reports 
usually come back with it as follows: 


PROXIMATE ANALYSIS. 


TR OE Oe 3.74 

Volatile combustible........ Deine 41.96 

Rs eg e'ce:.kois eid le w-gie dvaiete ane 42.89 

een tee ee eee ee ee ey ee 11.41 
ULTIMATE ANALYSIS. 

Hydrogen (H).......... 


Carbon (C)........ 
Oxygem (O)......... 
Nitrogen (N)....... 





The proximate analysis is a sort of an 
arbitrary one. The moisture is the mois- 
ture or water in the coal. The volatile 
combustible is those gases which distil off 
when the coal is heated’ without access to 
air. This comprises all the hydrogen, 
some carbon and part of the sulphur. 

When the coal is fired the volatile mat- 
ter distils off first and burns with a long 
flame. If insufficient air is present or if 
ihe flame hits a cold surface such as a 
boiler tube, smoke is formed. Thus it will 
be seen that continuous firing, as with 
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automatic stokers, would keep a little of 
these volatile gases coming off all the 
time, while hand firing would distil off a 
large quantity of combustible gases at 
once, which would only partly burn, thus 
causing loss arid smoke. The remaining 
substance is nearly pure carbon mixed 
with the ash. The combustible in the ash 
and refuse from the boiler is also carbon. 
The hydrogen, nitrogen, part of the sul- 
phur and oxygen have been burnt or dis- 
tilled off. 


CHEMICAL ELEMENTS IN COAL 


In the ultimate analysis there are a 
series of chemical elements. Hydrogen 
is a combustible gas, but it exists in coal 
as a complex hydrocarbon. When the 
coal is heated it distils off as CHs or 
marsh gas. In burning, hydrogen com- 
bines with one-half of its volume or eight 
times its weight of oxygen, and as oxygen 
exists in the air to the extent of about 21 
per cent. by volume or 23 per cent. by 
weight, the amount of air necessary for 
its combustion can be calculated. 

Carbon is an amorphous solid which can 
burn to CO using 16 weights of oxygen to 
12 of carbon, or it can burn to CO: using 
32 weights of oxygen to 12 of carbon. 
The former is a combustible gas and is 
the principal constituent of producer: gas, 
while CO: is the final product when CO 
burns as well as when the carbon burns 
completely. 

A hydrocarbon is a compound consist- 
ing of hydrogen and carbon, which may 
be gas, a liquid or a _ solid. When a 
hydrocarbon burns with insufficient air, 
tle hydrogen burns off and deposits the 
carbon as soot. This also happens if the 
flame is cooled. 

Oxygen is a noncombustible gas, but it 
is the best known supporter of combus- 
tion. It exists in the coal in combination 


with the carbon and hydrogen, but exists | 


in the air in a free state in the proportions 
previously given. 

Nitrogen is noncombustible and does 
not support combustion. It is the most 
inert of the elements. It exists in the 
form of a gas and the air contains 79 per 
cent. of it by volume and 77 per. cent. by 
weight. In the coal it is found in com- 
bination with the carbon and hydrogen. 

Sulphur exists in coal as sulphide of 
iron or pyrites and also as sulphate of 
lime. The sulphur as sulphide will partly 
burn off. When sulphur burns it com- 
bines with an equal amount by weight of 
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oxygen, forming SO. This is an acid 
when mixed with steam or water and will 
rapidly carrode iron and many metals. 
The ash in coal is the 
mineral matter. 

Mention might be made of chemical 
symbols and statement of chemical reac- 
tions. For abbreviation chemists use a 
kind of shorthand for representing ele- 
ments. Thus the letter H represents the 
element hydrogen; C, carbon; S, sulphur; 
N, nitrogen; O, oxygen; CH,, a hydro- 
carbon, ete. : 


noncombustible 


Now, when carbon burns as 
previously stated, it unites with oxygen to 
form CO and COs. 
sented as 


This would be repre- 
follows: 


c+ 0=CO 
Parts by weight..... rere - 12+ 16 = 2 
Parts Dy VOIUME ......0..0025 02 My 1 
or 
Cc + 0,=CO, 
Parts by weight. .....ccccces - 12432 =4% 
Parts by volume ............. «. 1 1 


The weights represent the combining 
weights of the elements and the volumes 
represent the volumes used or formed, as 
found by applying the well known law of 
Avogadro. 


THEORETICAL COMBUSTION 


Combustion proper may now be treated 
from a theoretical standpoint, using the 
figures 21 per cent. by volume of oxygen 
and 79 per cent. of nitrogen as the com- 
position of air.* If pure carbon was 
burned with the correct amount of air, a 
mixture of nitrogen and CO. would be 
obtained, which would analyze nitrogen 
79 per cent. and CO, 21 per cent. by vol- 
ume, as oxygen in combining with car- 
bon forms its own volume of CO: This 
is impossible under furnace conditions, 
but if there were nothing else in the coal 
and it were burnt, the percentage of COs, 
and O would always add up to 21 per 
cent. by volume, and the per cent. of COs 
could be used accurately to determine 
chimney losses. However, there are a 
large number of reactions which take 
place, all of which remove the CO, farther 
and farther from the true indication. 

Taking some of these reactions up sepa- 
rately, the effect of each can be seen. 
When hydrogen burns, it forms water, or 
steam if the temperature is above 212 de- 
grees Fahrenheit. If pure hydrogen were 
to be burned with air in the exact amount, 
the resulting gas, when cooled, would be 
100 per cent. nitrogen, as the hydrogen 


*To be more exact it is 20.7 and 79.3. 





1016 


would combine with all the oxygen and 
form water when the sample cooled. The 
same thing happens when the hydrogen in 
coal burns. When the flue-gas sample is 
taken, the steam condenses and the an- 
alized sample shows a slightly higher per- 
centage of CO, than is really in the flue. 
Taking a coal with 75 per cent. carbon 
and 5 per cent. hydrogen, the flue gas, 
using theoretical amounts of air, would 
analyze as follows: 

Steam by volume 0.69 per cent. 


CO, DY VOlMME.... 6.2.6.5. 20.59 per cent 
Nitrogen by volume 78.72 per cent. 


The sample which the chemist would 
get would analyze, 
20.73 per cent. 


79.27 per cent. 


on account of the condensation of the 
steam. This error, however slight, is 
actual, and the higher the percentage of 
hydrogen in the coal or fuel, the greater 
it is. Any steam moisture in coal or 
water put in the fire will also serve to 
dilute the chimney gas, but will not inter- 
fere with the calculation of the heat 
losses except insofar as it uses up heat in 
raising the moisture to the temperature 
of the flue gases. It will not cause error 
in the analysis of the gases actually caused 
by the burning of the coal. Even if it is 
decomposed by the fire, it will liberate the 
same heat as was used in decomposing it 
and also return to exactly the same 
amount of steam by weight. 

The sulphur in the coal burns to SOk:, 
and this is easily absorbed by the potash 
solution which is used for absorbing the 
CO, thus tending to indicate a higher CO2 
than the true amount. CO also influences 
the result. Supposing that a flue gas con- 
taining 10 per cent. of CO:, contains 0.2 
per cent CO. The analysis of the CO: 
would indicate the following: 

10 per cent. 


11 per cent. 
79 per cent. 


while the true analysis would be 


10.00 per cent. 

10.88 per cent. 

0.2 per cent. 

78.92 per cent. 

These errors are ordinarily slight, but in 

extreme cases may be appreciable. They 

actually exist, no matter how carefully 
the CO, is determined. 


ActuaL ANALYSES SHOW CO: ERRATIC 


Taking some actual results and work- 
ing out the losses, the percentage of CO, 
may be shown to be very erratic. The 
following two analyses were made by the 
U. S. Geological Survey at the fuel-testing 
plant in St. Louis. The coal used was 
New Mexico No. 1, and both samples 
were taken during the same test at dif- 
ferent times: 
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From the percentage of CO: it would be 
reasoned that Sample 2 was very much 
better, i.e., the chimney loss much less. 
The coal analyzed as follows: 


Combustible. Coal. 


100.00 100. 


The ash and refuse analyzed: Carbon, 
42.98,:and earthy matter, 57.02, or 7.42 
per cent. of the original combustible. 
Correcting the combustible in the coal for 
this, the theoretical analysis of the com- 
bustible as burnt is obtained as follows: 
Carbon 
Hydrogen 
Oxygen 


Nitrogen 
Sulphur 


76.96 per cent. 
6.04 per cent. 
15.33 per cent. 
1.29 per cent. 
0.38 per cent. 


Supposing one-half the sulphur remains 
in the ash. Now, to burn one pound of 
this would require the following quantities 
of air: 

0.7696 lb. carbon to CO 


0.0604 lb. hydrogen to Hi, .. 
0.0038 Ib. sulphur to sO, 


8.9196 Ib. air 
2.1007 lb. air 
0.0164 Ib. air 
Theoretical amount of air 

0.6665 


10.3702 


Correcting for oxygen in coal... . 


Theoretical amount of air 


This combustion would produce 11.3702 
pounds of flue gas of the composition by 
volume as follows: 


By By 
Volume. Weight 
16.88 24.80 


Since the SO: would be estirhated as 
CO:, add the SO: and COs:, and call ‘it 
CO: This would give, 


It would be well to compare this with 
the original analysis and thereby note 
how the errors due to hydrogen and sul- 
phur affect the CO. percentage. But in 
the analysis given the percentage of COz2 
was only 8.7. Calculating to this basis, 
the theoretical analysis of the gas is: 


This is almost identical with the analysis 
given. 

Taking the other sample, or No. 2, 17.48 
per cent. of the total carbon burns to CO. 
Thus we would have: 
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0.6371 lb. carbon to CO, 7.3839 Ib. air 
0.1325 lb. carbon to CO 0.7685 Ib. air 
0.0604 lb. hydrogen to H,O. ; . air 
0.0038 Ib. sulphur to SO, 0.0164 Ib. air 


10. 2695 


Correcting for oxygen in coal.... 0.6665 


Theoretical amount of air 


This would produce 10.603. pounds of flue 
gas of the composition: 


By By 
Volume. Weight. 


On adding the CO: and SO: the percent- 
ages by volume would be: 


Figuring this down to the 10.1 per cent. 
CO: basis would give: 


This also compares favorably with the 
original. In figuring the gas to a lower 
CO: percentage, the calculated amount of 
air is added, thus introducing some 
oxygen. The above will show how the 
errors compensate one another, so that the 
actual error might not be great in some 
cases. However, if the above gas still had 
its steam in it, the percentage of CO, 
would be 9.6 per cent. by volume ne 
of 10.1 per cent. 


Heat Losses 


The heat losses, which are more im- 
portant, will now be given attention. 
Taking Sample 2, the analysis of the 
diluted gases by weight would be some- 
thing like the following: 


One pound of fuel would produce 16.31 
pounds of flue gas. To make one pound of 
this mixture would require 0.938 pound 
of air. Supposing the air to be 72 degrees 
Fahrenheit and the flue gases to be 600 
degrees Fahrenheit, the heat balance 
would be somewhat like the following: 

B.t.u. 


71 Ib. CO, at 600° F 16 89 
90 Ib. CO at 600° F ( 
Total heat i 


Total heat in 0.0333 Ib. "steam at 600° : 
Total heat in 0.4543 Ib."N at 600° F.... 
Total heat in 0.3545 Ib. air at 600° F... 
Total heat above 32° F.in 1 1b. fluegasat 
600° F 


Total heat sae 32° F. in 0.938 Ib. 
air at 72° 


Total heat in 0. 
Total heat in 0. 
+ 


Loss due to hot flue gas 
Loss due to unburnt CO 








> = wm & 
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Calculating the heating value of the com- 
bustible from the theoretical analysis, 
gives 13,615.55 B.t.u. per pound, and as 
1 pound makes 16.31 pounds of flue gas, 
the heating value of the amount necessary 
to mrake one pound of flue gas would be: 


13,615.55 


s4as = 834.8 B.t.u. 


As 249.43 B.t.u. are lost in the chimney, 
the loss in fuel would be 29.88 per cent. 

Taking up Sample 1 and treating it in a 
similar manner, the diluted flue gas will 
analyze by weight, 


CO,. Lacie iheess 11.63 
sa. sant saeaetuanaabe uta 0.13 
MS. thal eGceucsachcnWaanen nwa pes 2.24 
LEAFS ORISA LEILA EE 32.79 
sa scans bok daehamenndaeedheoiel 53.21 
100.00 


This mixture requires 0.959 pound air to 
make one pound. Taking the temperatures 
as in Sample 2, the following heat balance 
is obtained: 

B.t.u. 
14.28 


Total heat in 0.1163 Ib. CO, at 600° F.. 


Total heat in 0.0013 Ib. SO, at 600° F.. 0.11 
Total heat in 0.0224 lb. steam at 600° F. 30.01 
Total heat in 0.3279 lb. N at 600° F.... 45.38 
Total heat in 0.5321 lb. air at 600° F... 71.78 

Total heat above 32° F. in flue gas.... 161.56 
Total heat above 32° F. in 0.959 Ib. air 9.10 

TR NE WORE ooo bo 50546000 40400460 152.46 


One pound of fuel makes 24.26 pounds of 
this gas, therefore the heating value of 
the fuel required to make one pound of 
flue gas is 561.2 B.t.u., and the loss in fuel 
in this case would be 27 per cent. 

The reader has no doubt noticed that 
in these two cases the highest economy 
was obtained with the lowest COz. If the 
sample with the highest CO. had been free 
from CO, the loss would have been but 
18.96 per cent., or over Io per cent. of the 
total fuel. This is an error of over 50 
per cent. in what would be calculated 
from the CO: percentage alone. The fire- 
man is urged to get a high CO2. He gets 
it, but how much CO does he get along 
with it? His CO:2 determinations tell him 
he is saving 10 to I5 per cent. or more 
fuel, but possibly the complete analysis 
might show that he is merely adding to 
his losses. 

Some types of boiler setting cause more 
loss and lower CO: than others. Thus, if 
the gases are cooled below the tempera- 
ture at which combustion takes place be- 
fore they are completely burned, there 
will be low CO. and some CO loss. At 
the St. Louis fuel-testing plant samples 
were taken of the gas over the fire and 
the gas at the rear of the combustion 
chamber. The analysis in test No. 362 
are given as follows: 


7 
Rear of 
Combustion 
Over Fire. Chamber. 
i, EE Ne ee ere 6.1 11.4 
EO APOE ae 
MM lot it ikea sondetnra sak a .@ 
CS Sela Ne 7a 
ce as ee 3.6 
Other hydrocarbons... . 0.2 


Thus it will be seen that it is possible for 
low CO, to be the cause of the boiler 
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setting, and that it would be impossible 
for the fireman to raise it, not to say any- 
thing of the enormous loss of fuel at- 
tending. 

Some may say that the examples given 
above are extremes. It may be true, but 
how is it known whether a certain case 
is an extreme or not? If the percentage 
of CO: is known and the percentage of 
CO is known, then the remainder of the 
analysis gan be calculated from the an- 
alysis of the coal as above. If this article 
is followed carefully it will be seen how 
unreliable is the percentage of CO, when 
used alone, to calculate chimney losses. 
When a boiler test is made and the heat 
balance made up, the loss due to hydro- 
gen in the coal and to the CO formed is 
always taken into consideration as well as 
moisture in the coal and the steam ad- 
mitted into the fire. While these last two 
items add to the chimney losses, the only 
loss is the heat required to raise them up 
to the temperature of the flue gases. 





Catechism of Electricity 


1061. Describe a modern direct-current 
generator of moderate or large output. 

Figs. 2904 and 295 show two modern 
types of direct-connected generators, the 
former a 100-kilowatt machine with its 
field-magnet frame split vertically at a 
and c, while in the latter is a 250-kilo- 


1017 


watt machine with the field-magnet frame 
split horizontally at e and s. In both 
cases the halves of the frame are provided 
with flanges at the joints to facilitate bolt- 
ing them together. The magnet poles are 
built up of sheets of soft annealed steel 
and riveted together under pressure, after 
which they are bolted in place. The bolts 
as shown at d, Fig. 295, pass through the 
yoke and are fastened by lock washers 
on the outside; they are threaded and 
screwed well into the pole pieces, so as 
to give them a firm hold. The bolted-in 
pole construction allows the removal of 
any of the field-magnet poles and 
its coil without disturbing any other part 


one 
of the machine. The magnet pole-tips are 
spread to give a better commutating field 
under the pole tips and the extensions 
serve to support the field-magnet coils. 

The shunt coils h, Fig. 295, and the 
series coils n are separately wound and in- 
sulated; an air space is provided between 
them for cooling purposes. The 
coils are forged copper conductors of 
rectangular section carefully insulated. 
The shunt coils are machine wound and 
are taped and treated to make 
moisture-proof. 


series 


them 


The brush holder mechanism is carried 
by brackets mounted on a rocker ring J, 
Fig. 294, concentric with and carried on 
a machined seat on the front end of the 
field-magnet frame. As no part of the 
supporting ring projects over the com- 
mutator face, the brush holders and com- 
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FIG. 294. 


WESTINGHOUSE ENGINE-TYPE GENERATOR, WITH VERTICALLY SPLIT FRAME 
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equal potential are connected by leads 
outside the winding, through which cur- 
rents may pass from one section to the 
others with which it is connected in 
parallel. These currents circulate through 
the armature conductors and are alternat- 
‘ng in character; they lead or lag with 
reference to their respective electromo- 
tive forces, and thereby increase or de- 
crease the strength of the field-magnet 
poles automatically so as to produce the 
necessary balance between them. 

1064. Do the equalising connections 
serve any other purpose? 

Yes; they are advantageous in reducing 
any excess of magnetic pull on one side 
of the armature, should it get out of 
center by wear of the bearings, and also 
spiphtioaniidhincsimncs oF ; prevents the sparking which would be 
caused under such a condition, by the 
inequality of field-magnet strength due to 
the difference between the airgaps on op- 
posite sides of the armature. 

1065. Are not the magnet poles of large 
direct-current generators sometimes cast 
into the yoke frames? 

Yes; some manufacturers employ this 
method of construction in all of their 
machines. Fig. 296 shows a_ six-pole 
belted direct-current generator of this con- 
struction. The base, field-magnet frame, 
magnet poles, all of one pedestal and part 
of the other pedestal are cast in one 
piece. The upper part a of the pedestal 
at the commutator side is a separate cast- 
FIG. 205. FIELD FOR WESTINGHOUSE ENGINE-TYPE GENERATOR, WITH ing, but with this exception the entire 

HORIZONTALLY SPLIT FRAME frame is a single casting. 














mutator are readily accessible at any 
point. The rocker ring is operated by the 
hand wheel w. Copper-plated carbon 
brushes are used, and all brushes of the 
same polarity are maintained at the same 
potential by means of equalizing connec- 
tions. 

1062. Why.is it necessary to use equal- 
ising connections in order that the brushes 
of the same polarity may be of the same 
potential? 

In the operation of large multipolar di- 
rect-current machines with parallel-wound 
armatures, such as the one being con- 
sidered, it is difficult to secure exactly the 
same magnetic strength in all the field- 
magnet poles. Consequently, the potential 
generated in the conductors under one 
pole sometimes exceeds or is less than that 
generated in the conductors similarly situ- 
ated under another pole of the same 
polarity, the result being a slight dif- 
ference of potential between brushes of 
similar polarity which cause currents 
sometimes of considerable magnitude, to 
flow from one brush to another and from 
one section of the armature winding to an- 
other, attended by annoying and waste- 
ful heating of the conductors and spark- 
ing at the brushes. 

1063. Explain the method used to cor- 
rect this. 











A number of points in the armature . 296. FORT WAYNE BELTED MULTIPOLAR GENERATOR, WITH POLE 
winding which should be normally of PIECES CAST IN WITH THE FIELD FRAME 





June 8, 1909. 


Practical Letters 


POWER AND THE ENGINEER. 


IoIg 


from Practical Men 


Don’t Bother About the Style, but Write Just What You ‘Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Inaccuracies of Indicator Diagrams 





The article entitled “Inaccuracies of In- 
dicator Diagrams,” which appeared in the 
March 16 number, recalls some experi- 
ences not entirely satisfactory. I have 
used the spring calibration apparatus de- 
scribed in that article and have some- 
times had trouble to hold the desired 
pressure steady owing to vibrations of line 
or exhaust pressure. To avoid this an- 
noyance and enable attention to be con- 
centrated on the work of calibration, I 
designed the combined weight table and 
regulating valve shown herewith. 

Before steam is turned on, the plunger 
occupies its lowest position in the cyl- 
inder and its two ports register with the 
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Power, N.F. 
FIG, I, REGULATING VALVE FOR INDICATOR- 


SPRING TESTER 


counterbore A, Fig. 1. When steam is 
admitted to this space, it surrounds the 
plunger, thus balancing the pressure on 
all sides. Passing through the ports, the 
steam flows down through the hollow 
plunger and into a reservoir on which the 
indicator is mounted. 

The pressure rises until it is sufficient 
to push up the plunger, but in so doing 
the ports tend to pass beyond the counter- 
bore and thus cut off fhe steam. Cutoff 
would actually occur were it not for the 
reduction of pressure due to condensation 
and leakage at the indicator. In its 
working position the valve remains open 
an appreciable amount in order to make 
up for these losses. 

To prevent “hunting,” it is desirable to 


make the cutoff as gradual as_ possible. 
This is accomplished by making the neces- 
sary port area of such shape that its di- 
mension in the line of plunger travel is 
very large in comparison with the other 
dimension. Under these conditions, a 
given movement of the plunger will pro- 
duce a minimum change of port area. The 
area required for initially raising the pres- 
sure is provided by the great length of 
port which is uncovered when the plung- 
er occupies its lowest position. 

To increase the pressure at the indi 
cator, the proper weights are placed on 
the weight table, thus causing the plun- 
ger to descend. This produces a large 
port opening and consequently the desired 
pressure is promptly reached. 

The lowering of pressure in the reser- 
voir would be slow if dependent upon con- 
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the ports were cut, with the thinnest 
available milling cutter 1/64 inch thick. 
The removal of condensation is con- 
veniently provided for by a Durham trap. 

On account of the smallness of the 
ports and the close fit of the plunger, I 
have found it desirable to protect the ap- 
paratus from damage due to scale and 
dirt by a strainer and settling chamber. 
Fig. 2 shows the apparatus connected up 
with an indicator. 

J. B. Fautxs, Jr. 
Syracuse, N. Y. 





Eccentric at Ninety Degrees 





In regard to W. E. Crane’s article in 
the March 30 number, I do not wish to 
discredit his statement,*as he claims to 











FIG. 2. 


COMBINED WEIGHT 


densation and leakage; to obviate this, 
a pet cock on the reservoir is opened 
and the result is quickly obtained. 

To secure records with rising pressure, 
it is necessary only to open the indicator 
cock slowly, thus preventing a “kick” of 
the indicator mechanism with probable 
overtravel of the pencil. To make a dia- 
gram with falling pressure, we proceed 
as follows: After placing the proper 
weights on the weight table, press it down 
with the hand for an instant, thus caus- 
ing an excess of pressure. A gradual 
drop to normal will then follow as the 
result of leakage and may be hastened 
by use of the pet cock. 

In the apparatus described, the plunger 
was finished 0.504 inch in diameter and 
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AND REGULATING VALVE 


have had experience, but when he says 
he can get a three-quarter cutoff with 
the eccentric set 90 degrees ahead of the 
crank, it needs some further explana- 
tion to show how he does it, as it looks 
to me like a physical impossibility. 

Neglecting the angularity of the con- 
necting rod, suppose we start with the 
engine on the center and the eccentric 90 
degrees ahead of the crank. It is plain 
that the wristplate will reach its ex- 
treme travel at one-half stroke, after 
which it will be impossible to get a cutoff, 
as the trip lever will be moving away 
from the cam; consequently, the valve 
cannot be tripped off. 

L. Rounpy. 

Mass. 


Concord Junction, 





Hydraulic Information 


Referring to the inquiry of William E. 
Piper, in the April 6 number, I presume 
Mr. Piper refers to miner’s inches for the 
quantity of water mentioned, and without 
stating the miner’s inch used the quantity 
is a little indefinite. 

A number of western States in the last 
few years have passed laws legalizing a 
flow of 1% cubic feet per minute as a 
miner’s inch, or 1 cubic foot per second 
to equal 4o miner’s inche$. In this sec- 
tion a miner’s inch of 9 gallons per min- 
ute, I cubic foot per second, equalling 50 
miner’s inches, has been used by engineers 
for a good many years and is yet used 
more than the legalized miner’s inch. 

However, figuring on the legal miner’s 
inch, 360 inches would be equal to 540 
cubic feet per minute, and with a 150-foot 
fall would be equal to 153 theoretical 
horsepower. Allowing for loss in the 
pipe line and the efficiency of the wheel, 
it probably would not be practical to de- 
liver more than 75 per cent. of this power 
to the generator, and if an automatic 
governor was applied to the wheel, it 
might be well to figure on not over 70 
per cent., which would be equal to about 
105 horsepower. For this head and 
quantity of water I should recommend 
an impulse wheel of the Pelton type, 
and about a 20- or 22-inch riveted steel 
pipe line. If the quantity of water is as 
stated in the foregoing, this would easily 
handle one thousand 16-candlepower in- 
candescent lamps. 

G. A. REICHARD. 

Los Angeles, Cal. 


By reducing his available water supply 
to miner’s inches, where I square inch 
of opening under a 6-inch head equals 
11.655 United States gallons per minute, 
Mr. Piper has 180 inches, or 2097.9 gal- 
lons, or 279% cubic feet per minute. Now, 
as he has a fall of some 140 feet, 500 feet 
from proposed location of his plant he 
can figure the volume of water giving ap- 
proximately 80 horsepower at the falls, 
using an 8-inch wheel at 1262 revolutions 
per minute. 

As the velocity in feet per second for 
a distance of 500 feet should not exceed 2 
to 2.2, it would be necessary to use a 
pipe of not less than 20 inches diameter 
for carrying the water from the falls to 
the plant. With this size pipe, the velocity 
and volume of water, he must allow 0.140 
foot as a loss of head by friction in pipe 
for each 100 feet in length, or a total of 
0.7. 

As regards the grade of pipe to be used, 
Isuggest that he use the best spiral-riveted 
pipe, as being the most durable and 
economical for this class of work. As for 
the style of wheel best adapted for the 
conditions he enumerates the inward-flow 
turbine would be better than most any 
other form. This wheel has what is 
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known as double-curve buckets, first in- 
ward then downward, thus retaining the 
water until it has received practically all 
of its initial power, and it will deliver at 
least 5 to 7 per cent. more efficiency than 
the outward-flow style of wheel, which 
receives its water near the axis, thence 
flowing outward through curved blades 
and delivering in an almost radial direc- 
tion. 

What is known as the impulse turbine is 
practically the best turbine yet devised, 
especially for great hights, say from 250 
to 350 feet, or over, but for falls much 
lower than this they are not much more 
efficient than the inward-flow turbine. The 
impulse wheel depends for its energy 
solely upon the velocity of the water di- 
rected by means of a nozzle, or a set of 
nozzles, against a series of blades or 
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Piper asks for hydraulic information. As- 
suming that he is speaking of miners’ 
inches regarding the flow of water, the 
power which could be developed by a 
wheel should be in the neighborhood of 
145 horsepower, which is capable of carry- 
ing approximately one thousand seven 
hundred 16-candlepower lamps, after mak- 
ing due allowance for generator and trans- 
mission losses. It would require a 20-inch 
wood-stave pipe and a wheel of either the 
modified Francis or impulse type. 
Henry D. Jackson. 
3oston, Mass. 





A Peculiar Synchronizing Trouble 


In the issue of April 20, there is an 
article entitled, “A Peculiar Synchronizing 


Differential Voltmeter ; 








| 





Equalizer Bus’ 


















































| 
J 
Roiaiied 


Plug Switch 


























Series Field 



































—o-— 
O-~ i 
Ground Test Wire 
Synchronizing Lamps 








[ A.C. Busbars 








CONNECTIONS OF ROTARY-CONVERTER INSTALLATION 


vanes arranged on the periphery of the 
wheel, and the buckets or blades never 
stand full of water, as in the case of the 
first two wheels described. 

Allowing about 20 per cent. of the esti- 
mated horsepower for friction of machin- 
ery, belts, pulleys, etce., and for loss of 
efficiency through his circuits of current 
distribution, Mr. Piper can figure safely 
on eight hundred and ninety 16-candle- 
power lamps. 

J. L. BrapsHaw. 

Memphis, Tenn. 


In the April 6 number, William E. 


Trouble,” by C. L. Greer. As I under- 
stand the conditions, he has, when plug 4 
is in place, a circuit through the main line, 
through No. 1 rotary to the direct-current 
busbar, through switch A to No. 2 rotary, 
the plug switch and line, so that under 
these conditions he will get a blinking of 
the synchronizing lamps. The reason they 
probably burn at greater brilliancy than 
normal is because when the machines are 
not in synchronism, the voltage may be 
additive, making a considerably higher 
than normal voltage across the lamps. I 
should judge that at the time No. 2 rotary 
was thrown in, the machines were out of 
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step, and probably directly out of step; 
that is, the voltage of No. 2 was added 
to the line, thereby putting far too great 
a voltage on the switch at A, and tem- 
porarily unbalancing the entire system, 
putting too high a voltage on the direct- 
current side of’the circuit, making No. I 
and No. 2 flash over. 

Synchronizing by lamps is by no means 
as satisfactory as synchronizing by volt- 
meter. It takes a very: short time to get 
used to the lag in the voltmeter, and 
after a little practice no difficulty will be 
found in bringing the machines up to 
synchronism and putting them on the cir- 
cuit. The dark period with lamps is so 
long and the actual dark period of the 
lamps is so difficult to determine that it 
is frequently the case with synchronizing 
lamps that machines are thrown in when 
not in close synchronism, and with 60- 
cycle work this would be likely to make 
considerable trouble. The best method of 
synchronizing is unquestionably with the 
Lincoln or some similar type of syn- 
chronizer. 

Henry D. JACKSON. 

Boston, Mass. 





Knock in an Engine 


After reading J. W. Bryan's letter, on 
page 415, of the March 2 number, on the 
knock in his engine, I thought that the 
following might be of help to him: One of 
our 18 and 36 by 36-inch vertical com- 
pound condensing engines, running 135 
revolutions per minute direct-connected to 
a 500-kilowatt generator, running parallel 


Broke here 


, 


WHAT CAUSED THE KNOCK IN THE ENGINE 


with another engine, was shut down all 
right one night but the following morning, 
when started up, it had a knock or click, 
something like Mr. Bryan speaks of; but 
at the head end only., As our load is 
varying, it would come’and go at different 
loads, and would last for three or four 
revolutions, stop for awhile and then 
start again. 

I came to the conclusion that the trouble 
was in the piston, and sure enough, after 
taking the cylinder head and follower 
plate off, I found the dowel or guide of 
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the steam ring broken, as shown in the 
sketch; the ring was also badly worn. 
I put in a new ring and dowel. When 
everything was replaced and the engine 
started, the click was gone. 
THOMAS SHEEHAN. 
Pittsfield, Mass. 





Safety of Pipe Fittings 





In reply to the letter of I. A. Tenger, 
in the April 27 number, what I intended 
to say was that when the pressure on the 
under side of the valve bonnet equalled 
that due to the pressure caused by the 
screwing down of the cap screws, the pres- 
sure between the bonnet and the valve 
was balanced, or there was no pressure 
between them, unless it be such as is due 
to the weight of the valve bonnet and 
other parts supported by it. 

Up to this point the steam pressure has 
been acting to relieve the pressure of the 
bonnet on the valve due to the tension of 
screwing down the cap screws, and until 
it equals this tension, or, more correctly 
speaking, exceeds it and tends to lift the 
bonnet from the valve body, there is no 
stress added to the initial stress on the 
screws, but when the steam pressure ex- 
ceeds that due to the screws, by so much 
is the stress on the increased. 
Mr Tenger, or anyone who doubts this, 
can very easily prove whether it be true 
or not, in the following manner: Secure 
two spring scales, of 25 pounds capacity, 
and suspend one of them from any con- 
venient place overhead; attach a strong 
cord to the hook of the scale and tie 
a ring in the cord a few inches below the 
scale, put a screweye in the floor below 
the scale and pass the end of the cord 
through the eye and tighten until the 
scale shows 15 pounds, and make fast. 

Now there is a stress or pull of 15 
pounds on the cord between the scale and 
ring, which we will let represent the 
stress on the cap screws after tightening. 

Take the second scale and hook it in 
the ring and pull down until it shows 
10 pounds on the scale. If Mr. Tenger is 
correct in his statement that the two pres- 
sures should be added, the upper scale 
will now read 25 pounds, but if I am cor- 
rect it will read 15 pounds, the same as 
before, and will continue to do so until 
a pull of more than 15 pounds is exerted 
on the lower scale, after which it will 
increase with the increased pull. 

This is very plain if one stops to think 
how it acts. In the first place, the screw- 
eye and cord are sustaining a pull of 15 
pounds and when a pull is exerted on the 
second scale hooked in the ring, it merely 
decreases the pull on the screweye and 
therefore adds nothing to the total pull, 
until it exceeds the pull which the eye 
sustained at first, 15 pounds. 

Don’t attach a 15-pound weight to the 
first scale, and then add a 10-pound weight 
and because the total 


screws 


then equals 25 


1021 


pounds say I am wrong, for by doing so 


the conditions will be totally different 
from that of the valve bonnet and cap 
screws. 
W. O. PERKINS. 
Bristol, Conn. 





Dashpot Trouble 





I have been greatly interested in the 
replies to Dale’s for 
connection with 


Elsworth 
assistance in 


appeal 
his 


dash- 
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SHOWING CAUSE OF DASHPOT TROUBLE 


pot trouble. H. E. Scribner, in his letter 
on page 685, of the April 13 number, very 
frankly admits that he: has failed to cure 
the dashpot at the head end of his engine 
of hanging up on a light load and causing 
consequent early cutoff with 125 pounds 
initial pressure. 

On the high-pressure side of our cross- 
compound engine I had the same dif- 
ficulty and did a number of things before 
I finally located the cause. 
time the working 


In the mean- 

was raised 
from 125 to 150 pounds, which, according 
to Mr. Scribner’s theory, 
a bad matter worse. 


pressure 


would make 
The dashpots of this 
engine are of the compound type with the 
muffle case internally threaded and 
screwed down upon the externally thread- 
ed base; the threaded portion of the base 
has openings, chipped with a “round- 
nose” chisel, across the threads from the 
vents in the lower cylinder of the pot. 
The threaded portion of the muffler case 
has when the 
case is screwed home, are to coincide with 


similar openings, which, 


those in the base, forming a passageway 
between the dashpot and the annular space 
inside the Investigation of the 
“bucking” dashpot revealed that the open- 
ings in the case went past those in the pot, 
enough to choke the passages almost en- 
tirely, as shown in the illustration. New 
openings were made in the case and the 
dashpot works as well as its mate at the 
crank end, although we are carrying 150 
pounds pressure on an engine built ‘for 
only 125 pounds. 


case. 


M. E. Coptey. 
Alton, IIl. 
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What Would Happen If the Belt 
Came Off 





In the issue of April 20, H. B. Adcock 
asks the consequence of an exciter belt 
breaking where two alternators are run in 
parallel, each having its own exciter, belt- 
driven from its shaft. The arrangement 
he describes would be a very bad one, as 
the alternator, deprived of its field charge 
due to the exciter belt breaking, or any 
other cause, would constitute a dead 
short-circuit on the other machine, and if 
not promptly disconnected by a fuse or 
automatic switch it would burn out one 
or both of the alternating-current arma- 
tures. A better arrangement would be 
to provide a direct-current busbar and 
connect both exciters to it, using a small 
breaker with a _ reverse-current release 
which would open in case one exciter 
failed to generate. 

The alternator field coils should be con- 
nected to the busbar and a rheostat in 
its field to adjust its field charge, using 
the exciter rheostat to regulate the 
division of the load between the direct- 
current machine and to raise and lower 
the voltage of the alternating-current 
‘system as a whole. 

Some years ago the writer operated a 
plant under conditions as stated by Mr. 
Adcock, except that the alternators were 
in stations a mile apart. The exciter of 
each machine was belted to its shaft and 
of course the distance prevented running 
the direct-current machines in multiple. 
After a burnout, due to a dog’s tail being 
caught in the exciter belt and throwing 
it off, we installed automatic switches on 
the outgoing liner of each station, with 
reverse-current relays to open on heavy 
reverse current only. Fuses or overload 
breakers might have operated at both sta- 
tions in case one machine lost its field 
charge, while the reverse-current relay 
would discriminate between heavy output 
or input. 

Another experience of the writer was in 
a large two-phase light-tension station in 
New York City. The alternators were 
750-kilowatt engine-driven units, operated 
in parallel and excited from a common 
busbar to which were connected four en- 
gine-driven 75-kilowatt exciters, without 
fuse or breaker. While in full operation 
and at the peak of the load the voltage of 
the system began dropping and the lights 
gradually went out, there being no flash- 
ing nor noise to indicate the cause. A 
hasty examination by lantern light showed 
that one of the exciters was not running 
but was acting as a short-circuit on the 
others, killing their fields. All the ma- 
chinery was running at its normal speed, 
but as the voltmeters were down to zero 
and the system was “dead,” the writer 
expe¢ted to synchronize and parallel all 
of these machines; but when the switch 
on the disabled exciter was opened, the 
lamp began to redden and the ammeter 
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showed that the machines were pumping 
violently. After about a minute they 
steadied and the system became normal, 
the machines having forced themselves to- 
gether with but four out of eleven be- 
coming disconnected. The cause of the 
trouble was a valve disk which became 
loose from its stem and dropped onto its 
seat. The exciters were equipped with 
reverse-current breakers to guard against 
any further trouble. 
Lewis C. ReEyNotps. 
Willard, N. Y. 





Let us assume that the exciter of alter- 
nator A, Fig. 1, stops while both A and B 
are connected to the line. Then as the 
voltage of A decreases, current will flow 
from B through the busbars to 4. The 
only impedance of this cross current is 
the synchronous reactance of the two 
armatures in series. Because of the high 
reactance, the current will lag strongly 
with respect to B, and have an equal lead 
with respect to A. This lagging current 
will react on the field of B and lower its 























voltage. At the same time the current 
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FIG. 2 


through A, being leading, will induce a 
voltage in A. The result will be that both 
machines will divide and carry the load as 
before, but the line electromotive force 
will fall a few volts. 

The current through the machines will: 
be the sum of the line current and the 
cross current between the machine, Fig. 
2. Since the cross current is nearly 90 
degrees out of phase with the line, the 
total current through the machines will 
be increased only a few per cent. The 
cross current is so nearly wattless, that 
it means practically no loss of power. 

The field of A may be even built up in 
an opposite direction to B and still carry 
load, but the cross current will be very 
heavy. 

I have myself, tried this experiment 
and can vouch for its correctness. 

Eart R. FILkIns, 

Chicago, II. 





I believe the plant would be thrown 
out of service, temporarily at least. The 
loss of the exciting current in one ma- 


‘chine would prevent further generation 


of electromotive force by that machine. 
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The two machines being connected to the 
same busbars would leave the armature 
windings of the disabled machine across 
the terminals of the live machine, therefore 
subjecting the latter machine to a short- 
circuit. Due to the resistance and self- 
induction of the winding of the disabled 
machine, I do not think the short-circuit 
would be of quite so severe a nature as 
though something of practically no im- 
pedance should fall directly across the 
terminals of an operating machine. The 
disabled machine would offer the ‘im- 
pedance of its windings and with its 
field circuit being open would have, to a 
certain slight extent, an action quite 
similar to that of a transformer working 
with an open secondary. However, the 
self-induction of this winding would not 
be sufficient to prevent the flow of an 
abnormal current, quite comparable with 
that caused by a dead short-circuit. This 
rapid rush of current produces a condi- 
tion in the live machine which would take 
it out of service. 

As already stated, the current in the 
live machine rises to an abnormal value, 
and the first tendency of this suddenly 
rising current is to act on the voltage and 
flux of the machine. The induction of 
the winding is, however, greater than the 
resistance of the circuit; therefore, the 
resultant current caused by the short- 
circuit will be lagging and demagnetizing, 
and the effect will be immediately to 
pull down the flux and consequently the 
voltage of the machine to zero. The 
flux of the machine will be practically 
diminished although enoush will be left 
to force full-load current or more through 
the impedance of the disabled machine. 

After the switches controlling the dis- 
abled machine have been opened the re- 
maining machine will immediately build up 
to full voltage and can be restored to 
the line. While all alternators should be 
able to stand such a performance it is 
undesirable, as short-circuits are racking 
on a machine and might result in dis- 
placement of coils or other disastrous 
effects. 

J. A. Legs. 

Quincy, Mass. 





In the first place, unless the inductance 
of the machine is heavy, the machine 
which loses its field will take a very heavy 
current, and may cause trouble to it and 
to the other generator. The engine will 
probably tend to run away, but with a 
good governor this would not cause 
trouble. It might be that the poles of the 
generator without field might be suf- 
ficiently magnetized by the rotating field 
of the windings so as to operate as an 
induction generator. This, however, would 
be very unlikely. It would, therefore, ap- 
pear that the principal trouble would be 
practically a short-circuit on the second 
machine. 

Henry D. Jackson. 

Boston, Mass. 
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Bracing Dome Heads 





Referring to the article on bracing 
dome heads, on page 633 of the April 6 
number, I should like to suggest another 
form of bracing for that part of the 
boiler shell to which the dome is attached. 

As stated in the article, that part of the 
boiler shell surrounded by the dome shell 





FIG, I 


is a neutral .surface, that is, with equal 
pressure on both sides. The forces due to 
the internal pressure act radially, but the 
resultant forces will be on the projected 
area shown in Fig. 1. From this it will 
be seen that the tendency will be to dis- 
tort the dome shell and cause a leaky 
joint. 

The most rational way to prevent such 
distortion and keep the original shape of 
the boiler would be to use a bracing such 
as shown in Fig. 2. It consists of a boiler 
plate riveted to the sides of the dome 
shell and an angle iron riveted to the 
lower edge, the angle iron to fit the out- 
side of the boiler shell and bolted securely 
to it. 

C. E. BoHMAN. 

Auburn, N. Y. 





Experience With Gas Power 





On page 617 of the March 30 number, 
appeared an article by H. B. Messenger, 
giving an experience with gas power in 
displacinga steam plant driving a grist mill. 

We have seen the statement in print that 
steam engineers are prejudiced against 
gas power, and that they are not fit 
for gas-engine operators. This may or 
may not be true, but it is certain that if 
engineers are opposed to gas engines it 
is up to them to run their plants so that 
there will be little gained in making the 
change. Gas-engine fractice is not yet 
such an ideal proposition but what the 
average power-plant owner will require 
some very substantial reason for tearing 
out his steam plant and substituting gas 
power. Considering power alone, we 
know that even the best managed steam 
plant cannot compete with the gas engine 
in the way of economy, and in the case 
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referred to it seems that the owner was 
well satisfied with the change. 

The main reason for throwing out the 
110-horsepower steam engine and sub- 
stituting an 85-horsepower engine was 
lack of power. 

In a mill like this the load would vary 
considerably, but to be on the safe side 


let us call it 85 horsepower continuously 
eleven hours per day. 


Half a ton of an- 
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thracite is used for the gas power, as 
against two tons of best Georges creek 
soft coal for steam, per day, at maximum 
load. A heat value of 13,000 B.t.u. would 
be a safe estimate for good soft coal. Now 
any engineer would undertake to put 65 
per cent. of this heat into the boiler. As 
the feed water entered at “nearly the 
boiling point,” let us say 210 degrees, it 
required about 1006 B.t.u. to every pound of 
steamandthe evaporation would have been 





13,000 X 0.65 _ 
1006 m4 
pounds per pound of coal, or 33,600 


pounds of steam in eleven hours, or about 
36 pounds of steam per horsepower per 
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still another deduction must be made for 
the coal burned during the cold season to 
heat the mill and office, evidently neces- 
sary judging from the fact that the 
engi:.e operator 
get warm” 


gas- 
“comes into the office to 
at times. When everything is 
considered, the saving may be so small 
that had the not failed in the 
first place the steam plant may have held 
its own in this case, as it is likely to do in 
most places where the exhaust steam can 
be utilized at least six months of the year. 
R. CEDERBLOM. 


power 


Ind. 


Gary, 





Repairing a Center Crank 





Reading Dennis Hanlon’s letter, “Re- 
pairing a Center Crank,” in the March 30 
issue, page 606, brings to mind an old 
form of crank shaft that has been used 
in steam vessels in the 
of Great Britain. While “old as 
the hills,” it may be new to many readers, 
and of value Han- 
lon refers to. The accompanying sketch 
makes clear all that is requisite to an 
understanding of the idea. 

Even under the most favorable condi- 
tions center-crank shafts have to endure 
severe stresses, and when the bearings 
wear out of line the stresses are intensi- 
fied, so that it is only a question of time 
when something must yield. The crank 
in the sketch will yield and respond to 
ordinary inequalities met with in practice 
without breaking, as would happen eventu- 
ally if the crank were solid throughout. 
The crank-pin connections are strong 
enough to transmit the power to the 


merchant marine 


it is as 


in such cases as Mr. 


Conical Joint 
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MARINE CENTER-CRANK SHAFT 


hour. A “good automatic engine” would 
not fall down on this amount of steam 
if kept in good condition; besides, there 
was ample boiler capacity to care for oc- 
casional peak loads. 

The saving in fuel is the difference in 
price between half a ton of anthracite 
and two tons of soft coal, but from this 
must be deducted the interest on the 
money paid out for the gas installation; 


propeller on the end of the shaft. Why 
could not this form be applied to station- 
ary work as well as to marine engines? 
It is all in the conical joint, which I 
think makes it a little better than the 
method adopted by Mr. Hanlon, although 
the surrounding conditions dictated his 
course of action to a great extent. 
Cuarces J. Mason. 


Scranton, Penn. 








Firing Boilers 





The article which appeared in the April 
6 number, by Victor White, is very in- 
teresting, viewed from more points than 
one. The working of boiler fires where 
there is any difficulty of getting steam is 
almost wholly a matter of practical ex- 
perience. The rules are few and very 
elastic and it takes years of practice on 
different kinds of jobs with different 
kinds of coal to get them by heart. To 
learn firing by reading articles written 
thereon not only in periodicals, but in 
textbooks, is like learning to play the 
violin by carefully studying the make of 
the instrument and reading the tutor from 
cover to cover. 

Taking a grate, say, 9 feet from the 
furnace door to the bridge and 3 feet 
6 inches wide, Mr. White says eight or 
ten shovelfuls are sufficient. They are 
sufficient to stop the engine on the center 
on some jobs, but he does not mean it 
that way. Is this one of the rules of 
which he speaks? 

A job where a man can fire heavily 
enough to get a quarter-of an hour’s spell 
and keep steam is not worth discussion. 
A man from the farm could do it with 
three days’ apprenticeship. Any fireman 
worth his salt will tell you that he goes 
on duty to make steam, not fires. He re- 
sents any interference with the shape of 
his fires or whether they are light or 
heavy, and very properly, too, if the job 
is a stiff one, unless the engineer who 
interferes can show him that his way will 
also keep the steam. 

The prime consideration in firing boil- 
ers is to raise steam, to prevent waste is 
a secondary one. Yet the whole trend 
of Mr. White’s article seems to deal with 
the latter. Little information is prof- 
fered about the former, and that, in 
some instances, is very misleading. 

A thin even fire is not essential in using 
small coal. He admits it, and treads very 
gingerly on his ground wherever he goes. 

The lighter the load on the boiler the 
more can a man build up the fire until 
it is twice as heavy as it would be were 
the load at its heaviest. This would stop 
the draft struggling through so fast, and 
also keep the steam steadier, as the fire 
has more body. Frequent firing of slack 
coal on a thin fire acts like a flash in the 
pan, one moment a fierce heat, another 
moment all gone, with perhaps cold air 
struggling through a particularly thin 
place over the bars. 

A very thin fire of 3% or 4 inches, while 
necessary at times when the load is heavy, 
must be very carefully handled with the 
slice bar so as not to get the black coal 
upon the bars; if this occurs, goodby to 
the steam. 

If a fire is dirty with clean hard clinker 
on the bars it is not necessary to slice 
this up every time the fire is sliced, only 
occasionally. When in the judgment of 





POWER AND THE ENGINEER. 


the fireman the draft is falling off, slice 
over the clinker and under the fire usually. 
If the slack coal cakes, don’t break the 
slice right through to the boiler surface, 
but withdraw it when almost through the 
crust. This avoids mixing the fire up, 
getting black coal in between live char. 

An easy job can be fired by anything 
in trousers, and it matters little what 
the shape of the fire is, level, piled up on 
the bridge, or like the waves of the sea, 
provided it is a fire and the load on the 
boiler is light enough. 

To fire a grate, first one side and then 
the other might be an ideal way of causing 
smokeless combustion, but would it get 
the steam? According to Mr. White’s 
statement the draft is the strongest 
through the least resisting places, there- 
fore, the half of the grate not fired would 
get most of the draft. How much draft 
would the half get where he had just put 
the coal? Yet this is the side where it is 
most wanted. I assume he wants coal to 
burn or he would not have put it there. 

Let us see if my way is the better one: 
Rake your fire on the slant, say, 3 or 4 
inches at the bridge, slope up to 7 or 8 
inches at the deadplate or even more if 
the heaviness of the fire warrants it; 
them 


serve all the same and then fire 
No. 1 boiler and don’t throw any of the 


coal farther back than half way in the fur- 
nace, or say past the first set of bars. 
When all are fired, slice No. 1 boiler and 
then all the others in the same order, 
if the slice is necessary. Then glance at 
the steam gage and use your judgment 
as to the exact moment when the best 
results have been received from the sliced 
fires. Then rake again. When raking,’ 
however, notice which fire is lightest and 
always fire this one first, but try and get 
all of the same bulk. 


If on 


the coal 


a stiff job, never throw any of 
into the back of the furnace, un- 
less the coal is lumpy and a good wind is 
blowing and the draft is extra good; then 
a couple of shovelfuls extra may be 
thrown back. On no account throw dusty 
slack into the back of the fire if you would 
keep the steam up. 

Don’t fire too soon after raking, as 
this smothers a fire which is perhaps at 
its best,and take notice when raking if the 
fire feels hard and solid; if so, give it an ex- 
tra slice up the middle and up each wing. 

Mr. White takes a whole lot on his 
shoulders when he suggests that one man 
with a machine can do the work of four 
men firing by hand. I question very much 
the “entire satisfaction” and would like 
to know something more definite about the 
matter. Also, where is his authority for 
stating that when a boiler is taken out of 
action and not required again the proper 
course is to draw ash and clinker and 
quench them? Does he not know that 
this is a most prolific cause of tubes leak- 
ing? Would it not be better to leave the 
boiler shut up until the mext day? 
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Let Mr. White give us the types of boil- 
er which burn best with the different 
kinds of coal. I have fired with many 
kinds of anthracite from the big lumps 
on the west coast at Vancouver to all 
kinds of Welsh on different kinds of 
boiler, and have yet to find the 
flaming coal. 


Iong 


W. Bownen. 
West Toronto, Ont. 





I have read the article entitled “Some 


Notes on Firing Boilers,’ by Victor 
White, which appeared in the April 
6 number, wherein he conveys the 


idea that firing boilers is more a matter 
of practical experience than of theory. I 
should say that practice is applied theory, 
and when practice and theory do not agree 
it is because of the improper application of 
the theory. It follows from the universal 
law of nature that under the same cir- 
cumstances cause and effect have the same 
relation, irrespective of time or place. 

Regarding the subject of water in the 
ashpit, I believe that a certain amount of 
moisture in the coal is necessary for 
perfect combustion. Unquestionably there 
is a point beyond which the advantage 
ceases and, as stated, the loss would be 
that of superheating the steam at atmo- 
spheric pressure or thereabout. 

I believe that the water is decomposed 
and the oxygen in the nascent state com- 
bines with the carbon with a considerably 
greater affinity than the free oxygen, 
whereas the hydrogen can combine with 
the oxygen in the free state with ease, 
the benefit being the combination of the 
precipitated carbon from the hydrocarbon 
gas distilled from the coal. 

In general, smokeless combustion of 
coal is a problem that must be settled by 
applying the proper remedies for the 
particular characteristics of the firing. To 
my mind it is a function of three condi- 
tions: temperature, percentage of volatile 
matter and rate of combustion. 

Raising the temperature means a shorter 
flame, large volatile percentage means a 
longer flame. The rate of combustion 
may mean a longer flame if the resultant 
temperature is not raised, or it may mean 
a shorter flame if the amount and dis- 
tribution of the air are such as to satisfy 
the first requisite of high temperature. 

The problem of designing a smokeless 


‘furnace is not so much a problem of fur- 


nace volume as it is of furnace length. 
Some fires give off a flame 20 feet long 
and should be reduced, and the baffles so 
arranged that the heating surface does 
not come in contact with the yellow 
flame, as this causes the precipitation of 
carbon, due to the cooling effect of the 
boiler tubes. This can be arranged for 
by using horizontal baffles on, say, a 
Babcock and Wilcox boiler, or by con- 
structing a dutch oven of sufficient length 
to produce the same result. The air sup- 
ply must be adjusted for every change 
in rate of combustion. The disadvantage 
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of horizontal baffling, as is generally 
known, is due to the deposit of ashes on 
the heating surface. 

An experiment with a bunsen burner 
will illustrate this. Suppose we allow the 
flame to burn yellow. The hydrocarbon 
gas loses its hydrogen first, in the process 
of combustion, and precipitates the carbon 
that at the resultant temperature renders 
it incandescent and hence luminous. In- 
tercept this yellow flame with a cold piece 
of porcelain, for instance, and soot will 
immediately be deposited. The boiler 
presents a similar condition, and the soot 
will go up chimney, and we call it smoke. 

Change the flame, by opening the holes 
at the bottom of the burner, and the 
flame burns blue. The cold porcelain will 
have no soot deposited on it, if placed 
in the flame. Were this to occur in the 
boiler, no smoke could possibly be formed. 
If it were possible to imitate the bunsen 
burner in boiler furnaces, we would have 
perfect combustion and a flame of no 
luminosity and absolutely smokeless. 

In conclusion, one must not lose sight 
of the fact .that heavy smoking is not a 
serious waste of coal, possibly not more 
than 1 per cent. The evil lies in its un- 
cleanliness and the fact that its existence 
is sO prominent. 

ALPHONSE A. ADLER. 

Brooklyn, N. Y. 





In the April 6 number, Victor White 
gives some good points on firing boilers. 
I do not agree, however, that a_ thin 
fire should be carried when burning small 
coal. It has been my experience to carry 
between 8 and 12 inches of fire to obtain 
the best results. 

I had charge of a plant containing five 
having 80 square feet of 

When using bituminous 


each 
surface. 


boilers, 
grate 
screenings, we always carried 10 or 12 
inches of fire, with good results. I do 
not believe that two men could have 
cleaned one of these furnaces in 10 min- 
utes; in fact, it took just three hours to 
clean the five furnaces, and two men had 
to go some to do that and attend to the 
regular firing, as the boilers were gen- 
erating about all the steam that could be 
got out of them with hand-firing. 

Louis B. Cart. 

Marshfield, Wis. 





Will the Load onthe Bolts Change? 


I once tried to follow. the elaborate cal- 
culations of a very able writer who under- 
took to show in a similar case that part 
of the load, due toAhe pressure in the 
cylinder, is taken up by the bolts, causing 
additional stress in them, but I canaot 
say I was convinced of the truth of his 
figures. The way I look at the question 
is this: 

Placing the cylinder in a vertical posi- 
tion and running the bolts on the outside 
of the cylinder, as shown in the accom- 
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panying sketch, will not affect the prob- 
lem any. The weight will hold the head 
against the end of the cylinder, and at 
the same time produce the required stress 
of 1000 pounds in each of the twelve 
studs, as given in the problem. 

The inside area of the head is given as 
120 square inches and a pressure of 100 
pounds per square inch, as set forth, will 
give a total weight or pressure of 12,000 
pounds on the head. . 
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MR. CEDERBLOOM’S SUGGESTION 


Suppose we pile 12,000 pounds of scraps 
inside the cylinder instead of putting pres- 
sure on it, this weight of scrap resting 
on the head would represent the given 
condition, and being sufficient to 
the weight of 12,000 
pounds, there is of course no additional 
stress on the bolts, only the original 1000 


just 
counterbalance 


pounds apiece. If we have a ground joint 
or elastic packing between, the flanges 
will not change conditions as far as I can 
see, 
per 
the 


When the pressure of 100 pounds 
square inch is applied, on the junk, 
head will no longer be set up tight 
against the end flange, just merely touch- 
ing the gasket and, as arranged in the 
sketch, a fraction of a pound added to 
the 12,000 pounds of scrap will cause the 
head to drop away from the cylinder 
entirely. If applied the 
gasket would blow out, as there is no com- 


pressure was 
pression to hold it in place. The studs 
themselves are elastic and of course will 
stretch a little under a load of 1000 
pounds, and it may have been better to 
assume each of the bolts to be a 
spring-balance scales registering 1000 
pounds, but even then it is evident that 
the springs (studs) will not stretch any 
more, and consequently will not register 


one 


any more until the load on the head ex- 
ceeds 12,000 pounds. If the load should 
exceed 12,000 pounds the head will have 
a tendency to move away from the cyl- 
inder, the studs will stretch a little more 


102 


wm 


and the additional load will show on the 
scales, but. not till then. 
R. CEDERBLOM. 
Gary, Ind. 


I should say that in the case of the 
ground joint the stress in the studs after 
the pressure has been turned on will be 
equal to the initial pressure, i.e., 1000 
pounds, provided the bending of the flange 
of the cylinder head is neglected, as may 
be done in all practical cases, the de- 
sign of the ground joint being assumed to 
be that shown in the illustration. 

In the case of a joint with a gasket the 
stress on the studs will be the sum of the 
pressure of the steam plus the initial pres- 
sure on the gasket, i.e., 2000 pounds. 

Although the problem is an impractical 
one, because the initial stress on a gas- 
ket joint should never be as high as the 
one on a ground joint, it leads to a very 
practical reflection on the screwing up of 
cylinder heads. 

The most elastic medium holding cylin- 
der and head tightly together with a 
ground joint is the body of the stud. 
The compression of the flange and joint 
of the cover may be neglected, as com- 
pared to the elongation of the stud, on 
account of their far greater sectional area. 

Any pressure in the cylinder will de 
crease the pressure of the ground joint 
on its seat. In the mentioned by 
Mr. Glick the pressure has been decreased 


case 


to zero, and the least addition to the 
cylinder pressure would show a leak. It 
is, therefore, not practical to have the 


initial stress in the studs equal to the 
working pressure on the cylinder head, 
but about one-quarter more, and this addi 
tion should be 
these 


taken into consideration 
This 
initial stress once put on will remain un- 


when details are designed. 
changed, whether the cylinder is work 
ing or not. 


The most elastic part in a gasket joint 


12 Studs 
Ground Joint Elastic Packing \ 


‘Be -12 Studs ae 
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FIG. 2 
(Reproduced) 


is the gasket, and the elongation of the 
studs and the compression of the flange 
may be neglected. Any pressure in the 
cylinder lengthens the studs, so little, how- 
ever, that the expansion of the gasket on 
account of this elongation does not appre- 
ciably decrease its initial pressure on the 
surfaces of the cylinder and flange and, 
through the latter, on the nuts of the 
studs. Therefore, the cylinder pressure 
added to the gasket pressure is, trans- 
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the cylinder head. 

The pressure on the gasket remains con- 
stant and, therefore, does not need to be 
as high as the working pressure in the 
cylinder, as was the case with the ground 
joint, but about one-half of it. During 
operation of the cylinder the stress on the 
studs will vary from % to 1% times the 
total cylinder pressure, a condition which 


should be admitted only when absolutely - 


necessary. 

If the cylinder heads in each of Mr. 
Glick’s cases had been screwed on as here- 
with described the studs of the ground 
joint would have been submitted to a 
constant stress of 1250 pounds; the stress 
on the studs of the gasket joint would 
have been between 500 and 1500 pounds. 

RuLor KLEIN. 

New York City. 





Interesting Indicator Diagrams 





Under the above caption, Mr. Berry in 
the April 6 issue, stated in his opening 
paragraph that the diagrams “were taken 
from the same engine under the same 
conditions of working, but with different 
valve setting.” If the engine is carrying 
the same load in each instance, then Mr. 
Berry must have made a mistake some- 
where. 

If one takes the trouble to estimate 
the mean effective pressure of the dif- 
ferent cards, it will be found that there is 
actually negative work done in Fig. 2, 
representing the low-pressure cylinder be- 
fore changing the valve setting; so that 
this would leave the total work, or useful 
power, to be developed in the high-pres- 
sure cylinder. The constant for this cyl- 
inder is about 3.04 which, with a mean 
effective power of 24 pounds (in il- 
lustration) gives 72.96, say, 73 horse- 
power. 

Computing the power of this side of the 
engine again after changing the valve 
setting, we get a mean effective pressure 
of 19.6 pounds, which would give 59.5 
horsepower. In addition to this there is 
the power from the low-pressure cylinder 
to be added. The constant of this cyl- 
inder is about 8.7, which with the mean 
effective pressure of Fig. 4, gives 


6.4 X 87 = 55.7 
horsepower, or a total of 
59.5 + 55:7 = 115 


horsepower. Hence, there is a difference 


of 


115 — 73 = 42 


horsepower to be accounted for between 
the two different valve settings. Of course 
there can be no question but that Mr. 
Berry’s final cards are an immense im- 
provement over the first ones, but there 
are some of us in this neck of the woods 


mitted to the nuts through the flange of 





.) 
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who would like an explanation of the 
running conditions. 
J. A. CARRUTHERS. 
Bankhead, Alberta 





An Engine Accident 





As to the defects in the diagrams of 
Mr. Sheehan, page 562, March 23 num- 
ber, I consider them fairly good. The 
cutoff could be made a little earlier in the 
head-end diagram of the low-pressure 
cylinder. This diagram has the largest 
area and the greatest horsepower, show- 
ing that the greatest amount of work is 
on the low-pressure engine, head end. 
The total ‘horsepower developed is 299.45. 
The receiver pressure will be governed by 
the load on the engine and the terminal 
pressure in the high-pressure cylinder. I 
cannot see what effect the receiver pres- 
sure would have in relation to the break- 
ing of the high-pressure piston rod at the 
root of the threads. 

I believe this break was due to a de- 
fective spot in the piston rod. A Whit- 
worth thread on a piston rod is preferable 
to the sharp V-thread. 

The diameter of the piston rod of the 
low-pressure engine seems a little small. 
Surely 314 inches or 334 inches would be 
considered better practice. According to 
the Engineering Bulletin issued by the 
University of Wisconsin the average 
diameter of a piston rod for a 30-inch 
cylinder of a slow-speed Corliss engine 
should be about 37% inches. 

Occasionally it becomes necessary to put 
all the load on the low-pressure side of 
an engine, possibly just for a day or two, 
until the broken parts of the high-pressure 
side are repaired, and it is at such times 
that a good-sized piston rod on the low- 
pressure side would not do any harm. 

Joun I. BAKER. 

Allentown, Penn. 





Leaky Discharge Valves in Air © 


Compressors 





W. E. Turner, on page 726, says that he 
“can hardly agree” with me that leaky 
discharge valves in air compressors are 
not a cause of abnormal heating of the 
air and consequently of explosions which 
occur in compressed-air pipes. 

Mr. Turner says: “If on account of 
leaky discharge valves the intake, or suc- 
tion valve on that end does not lift, is it 
not an evident fact that as the piston 
moves back and forth there is a con- 
tinual displacement, or churning, of air 
going on?” 

In that case the compressor ceases to be 
a compressor. If it heats the air it does 
not deliver it, or send it along into the 
discharge pipe. In an indicator card from 
an air compressor in normal condition, 
when the return stroke begins, the reéx- 
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pansion line drops to atmospheric pres- 
sure very quickly and for the intake 
stroke the line is slightly below the atmo- 
sphere, showing that the cylinder fills 
with free air to be compressed and de- 
livered upon the next stroke, and yet we 
know that explosions occur with com- 
pressors which thus indisputably take in 
and deliver merely a cylinderful of air 
for each stroke. 

Mr. Turner should submit some in- 
dicator cards from the alleged com- 
pressors in which the intake valves cannot 
and do not open, as he assumes, an ac- 
count of the freaks of the discharge 
valves. I am not clear as to how the 
same air can remain and play back and 
forth in the cylinder and become in- 
tensively overheated and at the same time 
be flowing along the discharge pipe. 

FRANK RICHARDS, 
New York City. 





Compound Engines 





G. W. Harding has a letter on com- 
pound engines in the April 20 number. 
It seems that he has the wrong idea 
of compounding. He states: “If we have 
two cylinders with a high-pressure cyl- 
inder giving 100 horsepower and the low- 
pressure 100, we have a 200-horsepower 
engine.” Then he asks: “If we re- 
move the low-pressure cylinder, do we 
still have a 200-horsepower, engine?” 
We certainly do not, but if we remove the 
high-pressure cylinder and apply the same 
pressure of steam to the low- that we 
did to the high-, and carry the expan- 
sions of the steam in this low-pressure 
cylinder through the same extent that 
we carried it in the compound engine, 
we would have a 200-horsepower engine. 

It certainly is cheaper to build a 200- 
horsepower simple engine than a_ 150- 
horsepower compound; but there are 
other points to consider than first cost. 
The principal advantage of a compound 
engine lies in the reduction of loss due to 
the difference in temperature in the cyl- 
inder between admission and exhaust, do- 
ing away with cylinder condensation. 
There are other advantages and very 
large reduction in the size of the castings, 
etc., as the low-pressure cylinder has so 
much lower steam pressures to carry. 

A compound engine cannot be made to 
do twice the work of a simple engine, if 
the simple engine has the same diameter 
cylinder as that of the low-pressure cyl- 
inder in the compound ; but it will be more 
economical, whether running condensing 
or noncondensing. The addition of a 
low-pressure cylinder to a simple engine 
gives more power because it adds to the 
range of pressures through which the 
engine works economically, and also adds 
a larger surface on which the steam 
pressure may act. 

Henry D. Jackson. 

Boston, Mass. 
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Official Report of Coal Consump- 
tion Tests of the New Scout 
Cruisers 


The Navy Department has issued the 
memoranda shown in the accompanying 
table of the recent coal-consumption tests 
of the scout cruisers “Birmingham,” 
“Chester” and “Salem.” The “Birming- 
ham” is equipped with reciprocating en- 
gines, the “Chester” with Parsons tur- 
bines and the “Salem” with Curtis tur- 
bines. 

The first test, at 10 knots speed, began 
at 9:30 a.m., March 21, and ended at 9:30 
a.m., March 25. 

The second test, at 15 knots speed, be- 
gan at 9:45 a.m., March 29, and ended at 
11:45 a.m., March 31. 

The third test, at 20 knots speed, be- 
gan at I p.m., April 3, and ended at 3 p.m., 
April 7. 

The fourth test, at maximum speed, be- 
gan at 10:45 a.m., April 12, and ended at 
10:45 a.m., April 13. 

As stated in the May 11 number, the 
“Salem’s” turbines were examined at the 
Fore River Shipbuilding Company’s 
works, subsequently to the tests, and the 
Navy Department states that the examina- 
tion showed that the buckets of the 
fifth stage of one of the turbines were 
very badly damaged (as shown in the May 
18 number), apparently by a bolt which 
came in contact with them and injured 
them so seriously as materially to affect 
the performance of that turbine. Other 
damage, more or less serious, was found 
in this turbine, and also in the other, ap- 
parently caused by lack of rigidity 
between the turbine casings and the 
thrust bearings. Some of the nozzles 
were also found in a condition which 
indicated that they had been injured by 
small pieces of the buckets or by material 
of some kind which had been left in the 
turbine in process of manufacture. 

The Navy Department further states 
that these defects are all being made good 
by the Fore River Shipbuilding Company 
and upon their completion it is the in- 
tention to repeat the water-consumption 
tests of the “Salem,” and these may be 
followed by coal-consumption tests on the 
“Birmingham,” “Chester” and “Salem,” 
but final decision on this point has not 
been reached. It is probable that the 
“Salem’s” tests will not be made until 
after she makes a trip to the coast of 
Africa, to join the other scout cruisers 
and return with them. 

A press despatch stated on May 22 
that “the ‘Salem’ will probabiy stay at 
the yard of the Fore River Shipbuilding 
Company three weeks longer. The original 
repairs contemplated to the turbine have 
been practically completed. The Govern- 
ment has, however, ordered the nozzles 
on the turbines changed to the new im- 
proved pattern, such as are being used 
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on the ‘North Dakota.’ Under the old 
style, when a nozzle wore out or needed 
repairing, it was necessary to send the 
vessel to the navy yard and knock her 
engines down. By the improved pattern 
the old nozzle can be taken off and a new 
one put on inside of 10 minutes.” 





Good Record by a Suction Pro- 
ducer and Hit-and-Miss Engine 


By Westey E. McArpbeELi 

Having seen in a recent number of 
Power a description of a producer plant, 
and observing that others are having ex- 
perience along the same line as myself, 
Ihave jotteddown a brief recital of some of 
the queer situations and conditions that lI 
have encountered in a brief twelve months’ 
experience with a producer outfit. 

There Brooklyn, a gas 
producer power plant which supplies light 
and power to a machine shop and a hand- 
kerchief factory, the latter requiring a 
very steady power; variations in speed 
are not allowable because every flucuta- 
tion shows up on the finished product. 
The machine-shop people don’t care how 
fast it goes as long as it keeps going, as® 
it is a comparatively easy matter to speed 
up or down a lathe or other tool. 

The engine is of the four-stroke-cycle 
horizontal type, with a 24-inch stroke and 
a bore of 6 inches; it is rated at 60 horse- 
power. Hit-and-miss governing is em- 
ployed with a semi-automatic intake valve. 
It drives a 45-kilowatt bipolar compound- 
wound generator, by a belt. The current, 
at a voltage of 118 to 120, is distributed 
all over the building, there being about 150 
amperes devoted to the lighting circuits 
and about 200 amperes taken by the vari- 
ous motors. 

The engine, before the advent of the 
producer, ran on city gas at an average 
cost of $225 per month for gas and half 
of the wages of an attendant (who put in 
a large part of the day on other duties), 
which was $60 per month, the other half 
of which was borne by the machine shop 
in return for various services rendered 
by him. 

With the producer, we use 10 tons of 
pea coal per month, costing $41. The 
man in charge of the plant receives $84 
a month and devotes half of his time 
to other duties ranging from putting a 
lock on a door to repairing an automo- 
bile. The saving is the difference be- 
tween $225 plus $30 and $41 plus $42. 
This saving effected by the producer 
amounts to about $2000 a year. 

One minor defect which we remedied 
was a tendency the vaporizer had to run 
dry ; this resulted in gas deficient in hydro- 
gen. A common tank with a ball float 
in it corrected this difficulty and we have 
forgot that the plant contains such a 
thing as a vaporizer. 


is located in 
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When the change was made to producer 
gas, the compression of the engine was 
increased from go to 145 pounds, and an 
air compressor was installed in conjunc- 
tion with a moderate-sized tank to re- 
place the old hand pump used to force 
a mixture of air and gas into the cyl- 
inder to start up. An interesting fact 
is that the engine can be started up at 
present on 130 pounds of air pressure in 
spite of the fact that the engine has a 
compression of 145 pounds. This is pos- 
sible because the air is delivered to the 
piston throughout the full length of the 
stroke, while the maximum pressure of 
145 pounds is obtained only at the end 
of the compression stroke. 

It was also found expedient to dig a 
well and use a larger quantity of water 
in the scrubber, for the reason that with a 
one-inch stream running through the en- 
gine jacket, another just like it doing busi- 
ness at the scrubber, and the vaporizer 
getting its quota, the water bill was a‘- 
most as great as the coal bill. 

We altered the ignition system because 
fine particles of ash would be carried along 
with the gas and deposited on the steel 
contacts of the make-and-break igniter. 
We have no difficulty with the present 
spark plugs; the jump-spark coils are 
operated by storage cells charged from the 
house current and every time the timer 
wipes by its contact, we know we are get- 
ting a spark in the cylinder. , 

The plant is operated by one man with 
ease, his duties being light. He gets 
to work three-quarters of an hour before 
the factory has to be running. He rakes 
out the fire in the producer until he has 
a bed of about six inches of good hot 
fire on the grates. He puts on the blower 
(formerly a hand blower, but now oper- 
ated by a ™%4-horsepower electric motor), 
dumps in a charge of 50 pounds of coal 
and proceeds to get the engine ready, 
filling up oil cups, testing the batteries, 
and so forth. Some ten minutes later he 
dumps two more charges (100 pounds) 
of coal on the fire. Soon the gas makes 
its appearance at one of the test cocks. 
A valve is then thrown over and the gas, 
urged along by the blower, drives out the 
air in the scrubber and in a minute of 
two the engine is ready to start. Starting 
the engine consists of getting it on what 
would be, if running, the power stroke, 
with the crank just enough above center 
to insure the engine turning over in the 
right direction; shutting off the blower at 
the producer; retarding the spark, and 
admitting air to the cylinder by means of 
a manually operated valve located in the 
exhaust passage between the exhaust valve 
and the cylinder proper. The piston moves 
forward, the exhaust valve opens and at 
the end of the exhaust stroke the gas is 
sucked in, compressed, exploded,’ and 
usually the engine runs right along with- 
out any trouble; if, however, it stops, it 
is due to insufficient blowing of the fire 
or too thick a bed of coal to suck the air 
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steam through. 
obvious. 

During the day coal is charged as re- 
quired. The usual method of handling 
the producer is as follows: After the en- 
gine has been running for a few moments, 
100 pounds of coal is charged and half 
an hour later, 150 pounds more, this mak- 
ing in all about 300 pounds of coal, which 
is enough until 11:30, when another charge 
of 50 pounds is dropped. At noon, as 
soon as the load is off, the man gets to 
work at the producer with a poker and 
rakes out what is left of the fire carried 
over from the previous day. The fuel 
bed is then poked down through one of 
the poke holes in the top, and another 
charge of coal dumped in. Sometimes the 
engine slows down, but. picks up again 
at once and is ready for the load at 
12:30. At 1 o'clock, 150 pounds of coal 
is charged and this is usually enough 
for the afternoon; however, on dark days 
cr in the winter, we usually give an- 
other charge at 4:30 and this carries the 
plant through the day. 

Running on a load of 250 amperes, the 
producer consumes about 550 pounds per 
day. On dark days and during the winter 
the consumption is correspondingly great- 
er. The coal consumption of the plant is 
approximately two pounds of coal per 
brake horsepower-hour. 

In conclusion I would say that we have 
had some trouble, but it was due to lack 
of knowledge, the apparatus not being at 
fault. There have been discouraging times, 
it is true, when various troubles have 
arisen, stich as a cracked vaporizer, un- 
suitable coal, leaky producer lining, and a 
thousand little things, but it has been well 
worth while to change from city gas to 
producer gas when one considers that the 
producer, which cost $1600, more than 
paid for itself the first year. 


The remedies are quite 





Lest the reference to the Foster fan- 
regulating valve in connection with the 
accident at the Concord (Mass.) Reform- 
atory, on page &86, of our issue of May 
18, be misunderstood as implicating the 
Foster valve in the responsibility for the 
accident, it is desired to state that the 
writer had been misinformed and _ that 
there was no Foster valve in use in the 
plant, and had there been and had it 
operated as was stated, it could not have 
been claimed that it contributed to the 
accident. By those connected with the 
plant, it was thought the accident was 
caused by the water carried over by the 
priming of the horizontal boiler, which 
was being crowded to the utmost at the 
time of the accident. 





Recently contracts were let by the Gov- 
ernment for what is expected to be the 
most powerful station in the 
world. It will be erected in Washington, 
and when in working order it will be able 
to commuuicate with naval vessels 3000 
miles away. 


wireless 
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Depreciation of Power Plant 


Equipment 
By F. H. NEELy 





This subject is one upon which few set 
ideas prevail. Practice appears to be as 
varied as power plants themselves. Direc- 
tors, owners and operators are loath t 
regard this important item except in an 
abstract and unintelligible way, realizing 
it exists, but neglecting to analyze their 
own particular cases and making provision 
accordingly. It must be recognized that 
depreciation should enter into the cost 
of developing power just as surely and 
consistently as the monthly labor, coal, 
water and maintenance bills. No net 
profits can legitimately be declared earned, 
until the proper depreciation is deducted 
from the gross earnings. It will be 
argued that when by constant repair a 
plant is kept in first-class ‘condition, no 
depreciation is necessary. This, of course, 
is a false theory, for the plant would then 
have an indefinite economic life. An 
occasional appraisal by a _ disinterested 
party will bring the owner to the realiza- 
tion that some consideration must 
taken of this matter and that it must not 
be disregarded in the yearly financial ad- 
justment of a severe burden is to 
avoided in the end. 

Some private and, unfortunately, a great 
many municipal plants make no deprecia- 
tion provision whatsoever from 
earnings. The ultimate result is to call 
on the stockholders for additional capital 
where replacement is necessary; in muni- 
cipal plants, as a rule, bonds are issued 
for building and replacement. How often 
are 30- and 50-year electric-light 
waterworks bonds issued, when it is 
known that the economic life of the plant 
built. with this money cannot be over 
25 years? 

In order to arrive at the annual 
ure by which the gross earnings must be 
debited to care for depreciation, it is 
necessary to settle the number of years 
which will pass before the apparatus in a 
plant will arrive at a scrapping state and 
require renewal. In determining the effi- 
cient economic life, the engineer in charge 
of the plant should be looked to for the 
best judgment and advice. Segregation 
and grouping are necessary, for everyone 
realizes the inaccuracy that would come 
from considering all apparatus to have the 
same life. The engineer is in a position to 
know the relative life of a slow-speed, 
well-built Corliss engine as compared to 
a large, intricate gas engine having a 
multitude of moving parts. With a knowl- 
edge of the kind of boilers and the water 
and service, he can most intelligently de- 
termine the life of the boilers. Similarly, 
with due consideration of service, usage, 
mechanical makeup and obsolescence, the 
engineer should be able to assign a very 
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close economic life to all of the machines 
and auxiliary equipment. 


FRACTIONAL METHOD 
Depreciation is commonly disposed of 
by charging, 1e., reducing the asset ac- 
count an equal fraction yearly of the 
original cost of the productive plant based 
upon its life. It is 
often that companies without any esti- 
mate as to the true life of machines or 
equipment will write off yearly Io per 
cent. of the original cost, thus disposing 
of the total value in 10 years. It 1s 
argued that the-machines are obsolete 
after 10 years’ service owing to improve- 
ments in design, whereas some equipment 

is good for from 20 to 25 years. 


estimated economic 


REDUCING-BALANCE METHOD 


This method of charging off for depre- 
ciation is at first sight rather deceiving, 
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as a great many more years is required 
to reduce the investment to scrap value 
than the per cent. involved would indi- 
cate. Thus referring to the illustration, 
curves 2 and 3 show that a 1o-per cent. 
reduction carries this time to 25 years, 
while a 25-per cent. reducing balance is 
needed to retire the investment in 10 
years. Under this scheme a large pro- 
portion cf the depreciation comes when 
the machine is new. 


ANNuItTy MetHop 


In this method equal yearly sums are 
charged off sufficient to provide at the ex- 
piration of a stipulated life an amount 
equal to the original investment plus the 
interest on the capital remaining invested 
therein. The amounts which annually 
represent the interest are credited in yearly 
diminishing sums, so that the burden of 
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the charge falls toward the end of the 
period. 
its action for a $1000 investment. 


The following example will show 








Expired Outlay! Interest | 

















Years. Charged Off. Credited. Burden. 
1 $121.6 $ 40 | $ 81.6 
2 - 36 CO 85.6 
3 . 32 | 89.6 
4 r 28 | 93.6 
5 ” 24 «| 97.6 
6 pis 20 101.6 
7 is 16 105.6 
8 pis 12 109.6 
9 - 8 | 113.6 
10 = 4 117.6 
$121.6 $220 $ 996.0 

Here, of course, the interest, 4 per 


cent., is paper work, no real value de- 
veloping as in the sinking-fund method 
following : 


SINKING Funp 
Here an annual sum is laid aside or in- 
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not of such long duration. This would 
appear to be the most just method of de 
termining annual payments to the fund, 
as it must be realized that the upkeep, or 
maintenance cost the apparatus 
gets older, so that it would seem only fair 
to gradually reduce the 
burden. 


rises as 


depreciation 


REPLACEMENT AND EXTENSION 

In many instances it is difficult to dis 
tinguish between a replacement and ex- 
tension. Very often new machinery is 
bought of a larger capacity and more im- 
proved design. The Massachusetts Rail- 
way Commission allows the value of the 
new apparatus less the estimated cost of 
exact replacement of the old machinery to 
be credited as increased assets, while the 
estimated cost of replacement is charged 
to renewals. 

There are a great many points that may 


‘ 


Curve | =Depreciation 10% Yearly on Original lnvestment. 
Curve 2= Depreciation 10% Yearly on Reduciug Balance. 
Curve 3= Depreciation 25% Yearly on Reducing Balance. 
Curve 4=Sinking Fund 10 Years - Investment plus Interest. 
Curve 5=Sinking Fund Inverse of Curve 2 plus Interest. 
Curve 6=Curve 4 less Lnterest. 


‘ 
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Years 


DEPRECIATION AND SINKING FUND CURVES 


vested in securities, the amount of which 
will, with interest compounded, at the end 
of the economic period equal the original 
investment. 
two ways: 


This may be carried out in 
First, by ascertaining the 
equal yearly sum that invested, with in- 
terest compounded, will make the re- 
quired amount. Curve No. 4 is an ex- 
ample of this. A 1o-year life period for 
$1000, interest 4 per cent., requires a 
yearly investment of $84.75, or 8.475 per 
cent. The second means of handling these 
payments is by having a yearly-reducing 
investment, curve 5, where the investment 
corresponds to the yearly depreciation of 
the ro-per cent. reducing-balance method. 
The total original investment, $1000, is 
reached in less than 13 years, interest 4 
per cent., which shows that the reducing- 
balance method used for determining the 
annual payment to the sinking fund is 


} 
| 
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be brought to bear upon deciding the life 
of machines and their obsolescence, the 
liability of being rendered obsolete by 
machines of vastly greater efficiency, and 
a great deal of judgment must be exer- 


cised. It would be interesting to know 
how the readers of Power AND THE 


ENGINEER handle this question and what 
provisions, if any, are made for depre- 
ciation. 





The announcement has just been made 
that Adolphus Busch has purchased for 
cash the patents, patent rights, good will 
and all unencumbered physical assets of 
the American Diesel Engine Company, 
and has established general offices in the 
South Side Bank building, St. Louis, Mo. 
It is Mr. Busch’s intention to organize and 
finance a company in St. Louis in the near 
future. 





1030 





OWER 


»oTHE ENGINEER 


DEVOTED TO THE GENERATION AND 
TRANSMISSION OF POWER 


Issued Weekly by the 


Hill Publishing Company 


Joun A. Hix, Pres, and Treas. 
505 Pearl Street, New York. 
355 Dearborn Street, Chicago. 

6 Bouverie Street, London, E. C. 


Rosert McKEan, 8ec’y. 


Correspondence suitable for the columns of 
Power solicited and paid for. Name and ad- 
dress of correspondents must be given—not nec- 
essarily for publication. 

Subscription price $2 per year, in advance, to 
any post office in the United States or the posses- 
sions of the United States and Mexico. $3 to Can- 
ada. $4 to any other foreign country. 

Pay no money to solicitors or agents unless they 
can show letters of authorization from this office. 

Subscribers in Great Britain, Europe and the 
British Colonies in the Eastern Hemisphere may 
send their subscriptions to the London Office. 
Price 16 Shillings. 

Entered as second class matter, April 2, 1908, at 
the post office at New York, N. Y., under the Act 
of Congress of March 3, 1879. 


Cable address, ‘‘Powpus,” N. Y. 
Business Telegraph Code. 





CIRCULATION STATEMENT 
During 1908 we printed and _ circulated 
1,836,000 copies of Power. 

Our circulation for May, 1909, was (weekly 
and monthly) 152,000. 


NN Be co x erste aces sineiere 
MD NR saiccahs ack ec es apatwas 


42,000 
36,000 


None sent free regularly, no returns from 





news companies, no back numbers. Figures 
ure live, net circulation, 

Contents PAGE 
A 42-Inch Low Pressure Elevator Pump... 997 
A Course in Plant Management........... 999 


Efficiency Test of Three-Wire Balancing 


IF RPT OTT ee 1000 
Coal Consumption of Steam Turbine Sta- 
MN aN aa scat poe haste Nines sles as SiSame cars 1001 
Getting the Most Out of Gas Engines..... 1003 
Some Useful Lessons of Limewater....... 1004 
SOC OT ee 1006 
The Eastern Gas and Electric Company’s 
DUM i 5a Shel o5e Soa deine Kies eale a Wise gare eras 1007 
Inspection for New York’s Low Pressure 
| SEE eI eran a ni eC a aS 1009 
Cast Iron Fittings and Superheated Steam. 1011 
EE eee eee? 1013 


The Fuel Question in Texas.............. 1014 
Real Relation of CO, to Chimney Losses... 1015 
Catechism of Electricity................. 1017 
Practical Letters from Practical Men: 
Inaccuracies of Indicator Diagrams... . 
Eccentric at Ninety Degrees....Hy- 
draulic Information....A Peculiar 
Synchronizing Trouble....Knock in 
an Engine....Safety of Pipe Fittings 
....Dashpot Trouble....What Would 
Happen If the Belt Came Off?.... 
Bracing Dome Heads... .Experience 
with Gas Power... . Repairing a Center 
Crank....Firing Boilers....Will the 
Load on the Bolts Change?... .Inter- 
esting Indicator Diagrams....An 
Engine Accident....Leaky Discharge 
Valves in Air Compressors. ...Com- 
pound Engine 1019-1026... . Official 
Report of Coal Consumption Tests of 
the New Scout Cruisers............. 
Good Record by a Suction Producer and 
Hit-and-Miss Engine................ 1027 
Denreciation of Power Plant Equipment... 1028 
OLE ELE FERS LO PTE 1030-1031 
1032 


1027 


POWER AND THE ENGINEER. 
A Change of Heart 


It is gratifying to notice that one of the 
principal American railroads has an- 
nounced its intention to give the public 
through the newspapers prompt and ac- 
curate information regarding any accident 
which may occur on its lines. 

There is a disposition upon the part of 
industrial concerns, as well as of rail- 
roads, to attempt to cover up any mis- 
hap which occurs in their plants and to 
refuse particulars even when forced: to 
admit that there has been trouble. Power 
has frequently sent a man across several 
States to investigate a report of a fly- 
wheel accident or a boiler explosion, only 
to be informed that the accident was a 
trifling affair, much exaggerated in the 
newspaper account, and that there was ab- 
solutely nothing to give out concerning it. 
If investigation is allowed and_ sub- 
stantiates this view of the matter we are 
always glad to say so. If not, we publish 
what we can find out and emphasize the 
fact that information was refused. 

The natural inference is that the facts 
if published would not look good for the 
management, or for the apparatus which 
failed. We are not responsible for the 
inference, if they wish to adopt that at- 
titude. The usual excuse, when any ex- 
cuse is given, is that every accident brings 
around such a flock of vultures in the 
shape of shyster lawyers and others seek- 
ing to profit from the misfortunes of the 
victims that absolute secrecy is the only 
safe policy. There is also a kindly dis- 
position to shield the makers of the 
wrecked apparatus in view of negotiations 
for its replacement. Neither excuse is 
valid. If there has been such negligence 
as to entitle victims to damages, nobody 
can have any sympathy with. the policy 
which locks the gate until such evidence 
can be destroyed. If the facts are 
such as to. relieve the management 
of responsibility, an investigation of 
the accident by a trained observer 
will help to bring them out. If the 
boiler or engine is faulty in design or 
construction, or if it has been operated 
in such a way as to lead to destruction, 
the public is entitled to know it. If the 
fault is inherent in the type it should 
be exposed and corrected, if it is in- 
cidental to the individual machine or ap- 
paratus and could not have been avoided 
by ordinary care and inspection there can 
be no harm in making it known. If it was 
the result of faulty operation or use, an 
exposé of the condition might warn others 
against the same malpractice. If it was 
the result of poor design, cheap construc- 
tion and wilfully hidden defects, it ought 
to be advertised. 

No manufacturer likes to have his er- 
rors or misfortunes held up for analysis, 
but a reputation based upon a lot of con- 
cealed faults and blanketed failures is of 
worth, and the manu- 


no permanent 
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facturer who kas faith in his apparatus 
and knows. that it has failed only because 
of some exceptional reason, who faces the 
case like a man and satisfies himself and 
the public that he has found the cause 
and eradicated it, is the one who will win 
confidence and ultimate success. 





Coke from Illinois Coal 


To coke Western coals and obtain a 
product suitable for metallurgical use has 
for a long time been considered an impos- 
sible proposition, due -to the fact that 
these coals contain only the lighter vola 
tiles, and after driving off these con- 
stituents it was believed the result would 
be nothing more than coke breeze. The 
experiments made by the technological 
branch of the United States Geological 
Survey at the St. Louis exposition ap 
parently verified this conclusion, for their 
tests did not result in any degree of suc- 
cess. It remained for Dr. R. S. Moss, 
an English expert on the subject, to prove 
that any Illinois coal would make a satis- 
factory coke. 

From a study of Eastern coals, Dr. 
Moss discovered that their readiness to 
coke was due to the heavy hydrocarbons 
contained in them. To break up the light- 
er volatiles and produce these heavy hy- 
drocarbons in Illinois coal was the prob- 
lem, and the solution rested in quickly 
getting a high temperature and continuing 
the coking process for a period of much 
shorter duration than given to Eastern 
coals. Where forty-eight hours was for- 
merly required to produce furnace coke 
and foundry coke was given seventy-two 
hours, a period of twenty-four to thirty 
hours sufficed for Illinois coal. When the 
coal last mentioned was coked according 
to the usual schedule, the result was in- 
variably coke breeze, and it was found 
that the quicker the process, the better 
the quality and the more satisfactory the 
coke. 

Aside from the advantages accruing to 
thé furnace and foundry interests from 
such reduction in the time element, the 
discovery may have some bearing on the 
fuel question in Western cities, where 
the production of smoke from the use 
of bituminous coal has long been a mat- 
ter of serious contention. No _ figures 
are available on the cost of production, 
but with a cheap fuel to begin with and 
the time of manufacture reduced by half, 
the price of the coke per ton should not be 
exorbitant. It might also be possible to 
follow the precedent of the New England 
Gas and Coke Company, of Everett, Muss., 
in selling the gas as a byproduct, and in 
this way materially reducing the cost. 
The coke produced by the new process 
might then be used to advantage under 
boilers for the purpose of eliminating 
the smoke nuisance, for heating and 
domestic purposes, and in suction gas pro- 
ducer plants instead of the anthracite now 
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utilized. Such possibilities are worthy of 
investigation, which might well be under- 
taken by the Geological Survey in the in- 
terest of power users. 





Futile Attempt to Secure New 
Boiler Inspection Bureau 





For some time it has been the opinion 
of a number of engineers in Greater New 
York that the bureau for inspecting steam 
boilers and licensing steam engineers 
should not be under the control of the 
police departmen. and that a new bureau 
should be created which would be en- 
tirely independent of other departments 
of the city. While the New York charter 
commission was preparing its report and 
drafting the new charter, it was rumored 
that a change was contemplated in the 
sections pertaining to boiler inspection 
and engineers’ licenses. To forestall any 
unfavorable legislation and to present their 
side of the question, the combined N. A. 
S. E. associations of Brooklyn drew up a 
bill, which in reality was a revised edi- 
tion of the old La Fetra bill originally 
drawn up by the A. S. N. E., and in- 
vited the combined associations, ten in 
number, of Manhattan and the Bronx to 
cooperate with them. The various orders 
of the International Union of Steam En- 
gineers in the city were also invited to 
coOperate, although they had not extend- 
ed the same courtesy when preparing 
the Voss bill for presentation to the 
legislature. They, of course, could not 
agree with the proposed bill, and only twe 
of the ten N. A. S. E. associations in 
Manhattan and the Bronx voted to sup- 
port the Brooklyn movement. This was 
largely due to a feeling that with written 
examinations conducted on the civil-ser- 
vice plan instead of the oral examinations 
now given, the bureau might better be 
left under the control of the police de- 


partment. The combined Brooklyn as- 
sociations and the two of New York 


previously mentioned, however, presented 
the bill to the charter commission, offering 
it as a suggestion to amend the charter 
and for the creation of a new bureau to 
control the operation of steam boilers 
and the licensing of engineers and fire- 
men. 

According to the bill it would be the 
duty of the chamberlain to select a super- 
intendent of boiler inspection who was 
a resident of the city ard a citizen of the 
State of New York, end had been for 
ten years immediately preceding the date 
of his appointment an engineer engaged 
in the operation of steam engines and 
hoilers under a license issued to him by 
the city of New York. All the powers and 
duties conferred upon the corporation of 
the city of New York or upon any board 
or any officer relating to the inspection or 
operation of steam boilers, or the examin- 
ing and licensing of engineers and firemen 
were to devolve upon this superintend- 
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ent, who was to appoint the examiners, 
boiler inspectors and other clerical and 
executive force necessary for carrying on 
the work of the bureau. Every subor- 
dinate engaged in carrying on this work 
was to be subject to the provisions of the 
civil service law of the State of New 
York and appointed from an eligible list 
prepared and certified by the municipal 
civil service commission of the city. An 
examiner must have had ten years’ experi- 
ence in the operation of steam engines and 
boilers under a license issued to him by 
the city of New York and the same 
length of service under the same condi- 
tions was imposed on the inspectors. The 
qualifications of applicants for examina- 
tion and the general rules for inspection 
were much the same as the present law, 
and also the provisions for keeping 
records. 

The suggestion was considered by the 
charter commission, but it was not incor- 
porated in the report to the legislature. 
No amendment was made to this division 
of the old charter, and as the complete 
report of the charter commission was 
tabled, at least for the time being, by the 
legislature, the suggestion of the en- 
gineers, even if it had been incorporated 
in the new charter, would have received 
the same fate. Neither the Voss bill nor 
the recommendations of the combined N. 
A. S. E. receiving favorable attention, 
conditions are just the same as they were 
a year ago. The bureau of boiler in- 
spection and licensing engineers is con- 
ducted by the police department as de- 
scribed in an article by A. C. Rowsey in 
the April 20 number of Power AND THE 
ENGINEER. A more recent article by the 
same author, which appears on page 1009 
of this number will throw some light 
on the Voss bill and the recent attempt 
of the police department to secure an 
amendment giving them control over the 
low-pressure heating boilers of the city. 





Switchboard Arrangement in 
Isolated Plants 


In designing a switchboard layout for 
an isolated plant, almost the first point 
which has to be settled is the location of 
generating, measuring and distributing 
panels with respect to one another. Space 
conditions often limit the installation so 
much that the best results cannot be se- 
cured; but whether the amount of room 
at hand is small or large, a wise selection 
of panel locations will reduce the cost of 
installation and facilitate both the hand- 
ling of the plant in service and its exten- 
sion in the future when the load require- 
ments call for the installation of addi- 
tional machinery. 

The majority of isolated plants supply 
electrical service for both lighting and 
power uses, the same generators being 
employed on the busbars and operated 
in multiple without regard to the actual 
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distribution of the energy in the feeder 
system. The question of putting the gen- 
erator panels in the middle or at the 
end of the board is important. If they 
are located at the end, the plant may often 
be extended with more freedom, if the 
maximum installation is not determined 
at the time when the machinery is first 
put in. The entire current generated or 
the whole plant energy, if desired, can 
easily be measured on a bus panel in 
such a case. With a bracketed voltmeter 
or a synchroscope at the end of the board, 
the work of throwing generators into 
multiple operation is somewhat easier be- 
cause greater can be obtained 
with the instruments near the generator 
panels than when a switchboard operator 
has to strain his eyes to see just where 
the voltage or phase pointer is located. 
In many cases where the board cannot be 
centrally located in the plant, it follows 
that the installation of the generator 
panels at one end makes the average cable 
run shorter between the dynamos and 
the board, although, in a symmetrical in- 
stallation, the shortest 
tained when 
middle. 
Under favorable conditions, where a 
reasonable amount of room has been al- 
lowed for the generators and switchboard, 
and where the ultimate capacity of the 
plant can be known when the apparatus 
is first laid out, it is probable that the 
location of the generator panels in the 
center of the board results in maximum 
economy of and operation. With 
the lighting distribution panels on one 
side and the power panels on the other, 
the generators feed each way, and con- 
sequently the busbar sizes needed are re- 
duced to the minimum consistent with 
the current passing across the board, and 


accuracy 


ob- 
the 


run is 
are in 


cable 


these panels 


cost 


there will be required less copper for a 
given output in amperes than with a board 
where the generators are located at the 
end, since in the latter case an extra 
run of busbar will be required to feed 
the more distant sections of the board. If 
the lighting and power loads are of the 
same volume of current and operated 
at the same voltage, with half the board 
devoted to each service, fifty per cent. 
more bus copper will be needed for an 
installation of generator panels at the end, 
than when they are located centrally. 

In the actual handling of the board in 
service a central location of generator 
panels facilitates operation, because the 
switchboard man has to travel only a 
minimum distance in making any changes 
in the connections. Where there are in- 
struments located in the distribution cir- 
cuits, a better watch can usually be main- 
tained from a central point. Temporary 
connections and adjustments can be more 
quickly made, and the operations of 
throwing machines in multiple can he 
handled with reasonable ease if the normal 
voltage point is specially marked on the 
bracketed voltmeter scale. 
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Test of a Peerless “V” Belt Drive 





3elt drives with short centers are al- 
ways to be avoided if possible; yet there 
are cases where for lack of sufficient room, 
or for other good reasons, it becomes nec- 
essary to install a drive in the smallest 
space and overcome the at- 
tendant difficulties as well as may be under 
the circumstances. Such a condition ex- 


possible 
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DETAILS OF PEERLESS V 


FIG. I. 


BELT 


isted in the engine room of the Chicago 
Savings Bank building, where some in- 
teresting data have been collected regard- 
ing belt drives on short centers. The 
equipment in question consists of three 
Laidlaw-Dunn-Gordon triplex hydraulic 
pumps, with 3'%x12-inch  single-acting 
water cylinders, furnishing a water pres- 
sure of 900 pounds per square inch for the 
operation of elevators. These pumps were 
all equipped with 50-horsepower motors 
having 11-inch pulleys at each end of the 
shaft and driving the pump by means of 
two 12-inch belts of double thickness, 
ach belt having a 230-pound idler to in- 
crease the are of contact on the driving 
pulley. As the diameter of the pump 
belt wheels was 9 feet, and the ratio of 
the driver to the driven pulley was ap- 
proximately I to 10, with 11-foot centers 
as installed, the drives were far from be- 
ing ideal. 

Some time ago one of the drives was 
replaced by a new chain belt, made by the 
Peerless “V” Belt Company, 215 South 
Clinton street, Chicago, details of which 
are shown in Fig. 1. The core con- 
sists of a chain made of pack-hardened 
machine steel, V-shaped in section, in- 
a continuous strip of specially 
prepared rawhide, which covers the bot- 
tom and two sides of the chain, giving a 
frictional surface to transmit the power. 
The upper part of the casing is a sectional 
strip of frictional material, one section 
te each link of the chain, and cut at an 
angle so as to continue the frictional sur- 
face of the sides. Each section is fastened 
to the link by a rivet passing through it, 
the head of the rivet also serving to bind 
the two side elements of the chain to- 
gether. The belt is thus in effect a con- 


cased in 
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tinuous wedge running on pulleys grooved 
at the same angle. 

It will be noticed that the belt does 
not touch the bottom of the groove, as 
this would destroy the wedging effect, 
and as the rivets on top and bottom are 
not subjected to any wear, the belt is 
held together permanently. Besides af- 
fording a frictional surface for the belt, 
the rawhide casing protects the chain 
from dust and grit, and also effectually 
retains the chain lubricant. 

Before changing the drives a test run 
of six days was made with the two 12-inch 
flat belts, weighed down with 230-pound 
idlers as previously described. It was 
found that one pump under these condi- 
tions could not do the work. When the 
accumulator descended to a certain point 
it was arranged to cut in another pump, 
and this intermittent starting materially 
increased the total current consumption. 
In the six days it was found that 3176 
kilowatt-hours were consumed to run the 
elevator cars 401.5 miles, an expenditure 
of 7.91 kilowatt-hours per mile. 

With the “V”-belt drive installed, Fig. 
2, one pump carried the entire load and in 
a test run for six days, 2746 kilowatt- 
hours were consumed to run the cars 387 
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hours per year, the cost of which would 
be more than sufficient for the 
“V” belt. 

Driven by flat belts, with the motor 
making 650 revolutions per minute, the 
speed of the driven pulleys should have 
been 


to pay 


650 X II 


= 66 
108 7 


revolutions per minute. In reality the 
revolutions were only 62, showing a loss 
of 6 per cent. of the total power through 
slippage. In changing drives the diameter 
of the driving pulleys were changed to 
11.75 inches, and the driven pulleys to 109 
inches. It was then found that the speed 
of the driven pulleys was raised to 70 
revolutions per minute. Theoretically 
the number of revolutions per minute 


should be, 


650 X 11.75 


a = 70.07, 


which indicates that practically all slip- 
page has been eliminated. As the drive 
may be run very slack, it follows that 
the journal friction is reduced to a 
mininum. Operation is entirely noise- 
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FIG. 2, PEERLESS “‘V 


miles, giving an expenditure of 7.09 kilo- 
watt-hours per mile; a saving of 0.82 
kilowatt-hour per car mile, or 10.36 per 
cent. During the second run 14.5 miles 
less was made than in the first test. Add- 
ing the 102 kilowatt-hours necessary to 
make this mileage at the rate of 7.09 kilo- 
watt-hours per car mile to the total of 
2746, still leaves a net saving of 328 kilo- 
watt-hours per week, or 17,056 kilowatt- 


BELT DRIVE IN CHICAGO SAVINGS BANK BUILDING 


less and considerable saving is found in 
brushes and controllers. 





Snoqualmie Falls provides the electric 
power for the Alaska-Yukon-Pacific ex- 
position which opened June 1 at Seattle. 
Of the power brought down from the 
falls 10,000 kilowatts is delivered at the 
substation at the fair grounds. Of this 
the exposition takes 2500 kilowatths. 
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Power Plant Machinery and Appliances 


Original Descriptions 
No Manufacturers’ 


o f 
OT 


Cuts 


Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


A 42-inch Hydraulic Lift Gate 
Valve 


This valve, two designs of which are 
in Fig. 1, is of the Kennedy double-disk 
parallel-seat gate type, operated by 
hydraulic cylinders. When the valve on 
the hydraulic piston is to be opened, the 
first movement of the steam releases the 
cams, Fig. 2, which have inclines in op- 


posite directions on the faces coming into 
contact with similar inclines in opposite 
directions on the inside, or back of the 
disks, and owing to the abrupt pitch of 
these inclines, the disks at once fall away 
from any contact with their seats, thereby 
preventing any dragging against or grind- 
ing of the faces of the valve seats or disks 
in the opening of the valve. 

In the closing of the valve these op- 
erations are reversed, the disks bearing 
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KENNEDY DOUBLE-DISK GATE VALVES s 
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SECTIONAL VIEWS OF HYDRAULIC VALVES 


INTERESTING 


the cams and cam rods close until op- 
posite the ports, when the cam rod is 
brought to a stop .by lugs cast on the 
inside of the body of the valve, bringing 
into operation the 


surfaces of the cams and disks, 


abrupt opposite in- 
clined 
and at once closing the valve 
injuring the faces. 


without 


This size of valve is made with brass- 


mounted trimmings, the hydraulic cyl- 
inder being lined with bronze. The ag- 
gregate weight is 15 tons. It is manu- 


factured by the Kennedy Valve Manu- 
facturing Company, Elmira, N. Y. 





Grease Lubrication for Cylinders 


The Ohio Grease Lubricant Company, 
Loudonville, Ohio, manufactures a cylin- 
der sight-feed grease lubricator, which is 
illustrated herewith. 

Its action is shown in Fig. 1. It keeps 
the grease in a melted state, feeding it 
by direct hydrostatic pressure, and forces 
it into the steam pipe and sprays or ato- 
mizes it, so that the steam can carry it 
to all parts of cylinder and valves. 

The superheating is accomplished by a 
combining tube which, passing through 
the grease in the head portion, sets up a 














FIG. I. SIGHT-FEED GREASE LUBRICATOR 
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circulation of the lubricant, and very 
quickly induces a uniform temperature of 
about 190 degrees, it is said. 

The second function, developing pres- 
sure by condensation, is performed as 
usual by the condensing tube, and the 














FIG. 2, EXTERIOR VIEW OF OHIO GREASE LU- 
BRICATING COMPANY'S DEVICE 














FIG. 3. METHOD OF ATTACHING LUBRICATOR 


TO STEAM PIPE 


third function, forcing the grease into the 
steam line and atomizing it, is performed 
by the combining tube, which permits a 
stream of live steam to strike the heated 
and expanded drop of grease after it 
leaves the jet. Figs. 2 and 3 show respec- 
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tively an exterior view and the method 
of attaching to the steam pipe. These 
lubricators are not sold, but are leased 
free of charge. 





Welded Steel Headers 


Robbins, Gamwell & Co., Pittsfield, 
Mass., manufacture welded steel headers 


on which the nozzles for outlets are 
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duced and fittings are entirely eliminated, 
thus doing away with the possibility of 
faulty castings. In this work wrought 
steel, which is considered best adapted to 
withstand the high temperature of super- 
heat, is used throughout. Pipe lines made 
up in this manner are, as a whole, lighter, 
owing to the omission of fittings, and the 
number of joints being reduced lessens 
the cost of installation. The only feature 
that prevents the length of run is the 














° _ NOZZLES WFLDED TO STEEL HEADER 





FIG. 2. ANOTHER SAMPLE 
welded, by a special process of their own, 
directly to the pipe with which connec- 
tion is desired, thus accomplishing the 
same results as obtained with fittings. A 
sample of such work is shown in Fig. 1, 
while Fiz. 2 shows a welded steel header 
which is carrying 175 pounds steam pres- 
sure at 200 degrees superheat. 

It will be recognized at once that this 
method has its advantages, as the number 
of joints and gaskets is considerably re- 


OF NOZZLES WELDED TO 


HEADER 


facility of shipping and convenience in 
erecting. 

In welding flanges, the same method 
is employed as in welding the nozzles. 
The flange is made of the same material 
as the pipe itself, thereby producing a 
homogeneous metal of the pipe and flange. 
After a flange is welded to the pipe, it 
is faced and drilled and the faces back- 
machined. 

The 


Lamson 


joint as made by this 
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company is made by lapping the pipe it- 
self over on the face of the flange and 
the inside being faced there is no chance 
for leakage. The flanges swivel on the 
pipe, a point which is appreciated by the 
erecting men. 

All the work sent out by this company 
is tested to 1000 pounds hydraulic pres- 
sure before shipment ‘and is guaranteed 
for the conditions for which it is de- 
signed. 


The Twiss Corliss Engine 











In Fig. 1 is shown the general lines of 
the Twiss Corliss engine manufactured 
by Nelson W. Twiss, 28 Whitney avenue, FIG. I. VALVE-GEAR SIDE OF TWISS CORLISS ENGINE 














shown all of the parts found in the valves 
and valve-gear construction. An explana- 
tion of the valve gear follows: 

On a fixed extension of each steam 
bonnet, a bell-crank.lever is journaled, 
the two being connected by an adjustable 
rod and operated by means of an eccentric 
rod; the eccentric rod not being shown 
in Fig. 2. On the arm of each bell crank 
is pivoted the steam hook which engages 
with the steam arm keyed to the valve 
stem. The bell-crank levers engage the 
steam-valve hook as is usual with Corliss 
engines; that is, when one of the steam 
hooks is engaged with the steam arm it 
opens the steam valve until the inner 
leg of the hook comes in contact with the 
trip toe on the knockoff lever, when it 
is disengaged and the valve immediately 
closed by a spiral spring on the extension 
of the valve stem. The inner end of 
each spring is connected with the outer 
end of each steam bonnet, the outer end 
being connected to the cup which covers 
the spring and is secured to the valve 
stem ‘by set screws. This provides a con- 
FIG. 2. NEAR VIEW OF VALVE GEAR venient method of adjusting the tension 























New Haven, Conn. The frame is of the 
well-known Corliss girder type, the cyl- 
inder, frame and pillow block being cast 
separately and bolted together. The cyl- 
inder is provided with four double-ported 
Corliss valves, the exhaust valves being 
of the plug type with exhaust ports cored 
through them, thus securing a minimum 
amount of clearance. The steam valves 
are constructed to raise from their seats 
whenever the pressure in the cylinder ex- 
ceeds the pressure in the steam chest. 
The valves are driven by means of suit- 
able lugs or projections on the valves 
and corresponding recesses in the valve 
stems. The exhaust valves are operated 
'y arms keyed to the outer ends of the 
alve stems, the arms being connected by 
in adjustable rod and operated through 
uitable connections, as is usually found 
n the Corliss type of engine. 

The main feature of this engine is the 
‘onstruction of the steam-valve gear, 
hich is shown in Fig. 2. In Fig. 3 are FIG. 3. PARTS OF VALVE GEAR 
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of the springs, and in order to do this 
it is only necessary to unscrew the set 
shown in the cup, and with a 
small rod placed in the hole, shown on the 
right-hand valve, move the cup in the 
desired direction to adjust the spring with 
either more or less tension, as the case 
may demand. 


screws, 


On the Twiss engine no dashpots are 
employed, as the valves are closed by 
means of the wound spring, shown in 
Fig. 3, which is inclosed in the cup, shown 
at the end of the valve gear, Fig. 2. To 
insure noiseless closing of each steam 
valve, an air-tight piston is secured to the 
steam arm of each, as shown, fitted with 
a suitable adjusting snap ring and fitted 
in the cylinder which is supported by a 
bracket secured to the outer end of each 
steam bonnet. The bottom of each air pot 
is fitted with a leather washer, having 
a hole in it communicating to the pet cock 
screwed in the bottom. In the side of the 
air cylinder, not over ™% inch from the 
bottom, is drilled a %-inch hole which is 
covered before the plunger reaches the 
bottom of the cylinder, but as the plunger 
is raised above the hole, air is admitted 
which permits the plunger to travel the 
rest of its movements without undue force 
upon it. As the spring 
closes the valve, the plunger is forced 


being exerted 


down into the cylinder with a free, easy 
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movement until it passes the hole in the 
bottom of the cylinder, when air is en- 
trapped and is then compressed, thus 
preventing any shock in the seating of the 
steam valve. The amount of air confined 
in the cylinder and compressed is regu- 
lated by a pet cock screwed in the bot- 
tom, but not shown in Fig. 2, By ad- 
justing this pet cock the valve can be 
made to close practically noiselessly. 

The knock-off levers are connected with 
the governor which regulates the point 
of cutoff as in all Corliss-engine con- 
struction. The exhaust valves are oper- 
ated by a separate eccentric. 

This valve gear can be placed upon any 
Corliss engine without making other 
changes. It is simple, does away with the 
cumbersome dashpot and admits of high 
speed for Corliss-engine operation. 





Iowa State N. A. S. E. Conven- 
tion 

With more than one hundred dele- 
gates and visitors registered, the sixth 
annual convention of the Iowa State as- 
sociation of the N. A. S. E. was called 
to order May 21, 1909, at Cedar Rapids. 
President Abner Davis opened the pro- 
ecedings by introducing Mayor J. T. 
Carmody, of Cedar Rapids, who is an 
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active member of the association. In 
introducing His Honor, President Davis 
reviewed the history of the mayor, who 
worked himself up from machinist and 
fireman to the most prominent position in 
the city. At the close of President Davis’ 
speech, Mayor Carmody welcomed the 
delegates and visitors to the city of Cedar 
Rapids and spoke of the untiring de- 
votion to duty of the members of the 
localassociation in bringing No. 9 into suf- 
ficient prominence to entertain the State 
convention of Iowa. Mayor Carmody also 
had a good word for the commercial 
travelers and supplymen, whom he said 
had done more for the advancement of 
industrial progress than all the money and 
securities of the financiers. 
the mayor turned over the keys of the 
city to the visitors and said that every- 
thing possible would be done for their 
entertainment and comfort. 

President Davis next introduced Fred. 
W. Raven, national secretary, of Chicago, 
who responded to the mayor with one of 
his characteristic speeches. Mr. Raven’s 


In closing, 


talk was followed by a short address of 
welcome to the convention from its presi- 
dent, who then called the business ses- 
sion of the convention to order “for the 
purpose of the transaction of any busi- 
that 
the work 


may legally come before us, 
to be done in a fraternal spirit 


ness 














DELEGATES AND VISITORS, IOWA STATE N. A. S. 
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and with a view to promoting the best in- 
terests of the order, treating each other as 
brothers and observing that strict con- 
sideration for the views and wishes of 
others to the end that harmony must 
prevail.” 

At the Saturday afternoon business ses- 
sion, after attending to many detail mat- 
ters of importance in regard to facilitating 
the business of the order, Waterloo was 
chosen as the next place of meeting. Elec- 
tion of officers was then in order and 
resulted as follows: A. C. Wilford, of 
Waterloo, president; Ernst Bailey, Des 
Moines, vice-president; J. A. Coulson, 
Sioux city (reélected), secretary; G. H. 
Beebe, Marshalltown (reélected), treas- 
urer; H. Yust, Ottumwa, conductor; L. 
J. Shramek, Cedar Rapids, doorkeeper. 
The new officers were installed by Na- 
tional Secretary Raven. 

Educational matters were not neglected. 
At the Friday afternoon session, F. W. 
Laas read a paper entitled, “Furnace 
Construction in Its Relation to Fuel 
Economy.” This paper was _ illustrated 
with many sketches showing boiler set- 
tings and other details having to do 
with this question. During the discus- 
sion which followed, several engineers 
from the local association were called 
upon to give their experiences with vari- 
ous types of boiler setting installed in 
their plants. The discussion brought out 
many points in regard to economical boil- 
er practice and was closely followed by 
all present. 

Another interesting event on the pro- 
gram was a lecture on “Boiler Feed 
Waters, What They Contain, and Why 
They Cause Trouble,” by W. A. Con- 
verse, of Chicago. During this lecture 
the process of feed-water analysis was 
followed out with apparatus in the same 
manner as when a sample is sent to the 
laboratory for test. The various con- 
stituents of the water were precipitated, 
and methods of determination were in- 
terestingly explained. 

One of the features of the convention 
was the presence of many students from 
the neighboring universities and colleges. 
One party of 3 was present from Iowa 
City, and consisted of a number of. in- 
structors and students of the senior and 
junior classes of electrical, civil and me- 
chanical engineering in this university. 
Other students were present from the 


Ames College of Applied Science and 
from Mt. Vernon. Much interest was 
shown by them in the display of me- 


chanical goods in the lobby of the hotel. 

A number of trips were taken to neigh- 
horing power houses and manufacturing 
establishments, one of the most interest- 
ing of which was that to the packing 
house of the T. M. Sinclair Company. 
The local entertainment committee had 
arranged for special cars to leave head- 
quarters at the Montrose hotel for this 
excursion and officials at the packing 
house had kindly arranged for a killing 


‘advices are to the effect that Mr. 
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in the afternoon so that the delegates 
had the opportunity of seeing in operation 
every branch of the establishment. 

The social features wound up with a 
banquet given to the officers, delegates, 
members and supplymen in the dining 
room of the hotel. One hundred people 
were provided for and after being served 
with a tasty six-course dinner, E. A. 
Sherman, of Cedar Rapids, acting as 
toastmaster, introduced Fred W. Raven, 
who delivered a short address on the ob- 
jects of the association and organization. 
A. C. Wilford, of Waterloo, then spoke 
on the benefits of a license law. Other 
speakers were: F. M. Williamson, J. T. 
Carmody, C. O. Bates, C. E. Tibbles and 
W. A. Converse. The success of the 
convention was such that upon leaving 
all visitors felt that they had added many 
names to their list of friends in Iowa. 

It is with the deepest regret we have 
to record that early Monday morning, 
May 24, following the convention, Mayor 
Carmody, who so warmly welcomed the 
convention to Cedar Rapids, was shot in 
the abdomen in an encounter with’ a 
burglar at his residence, the bullet in- 
flicting a serious flesh Latest 
Car- 
condition is as satisfactory a’ 
can be expected under the circumstances, 
and although the bullet had not 
found at this writing, he will recover. 


wound. 
mody’s 


been 





Ohio Society of Mecharical, 
Electrical and Steam 
Engineers 


The nineteenth meeting of the Ohio 
Society of Mechanical, Electrical and 
Steam Engineers was held at Canton, May 
21 and 22, with headquarters at the Hotel 
Courtland. 

The meeting was called to order by 
President F. W. Ballard, who introduced 
Charles A. Dougherty, president of the 
Canton Board of Trade, who welcomed 
the society to the city. Mr. Dougherty 
made it evident that Canton, in his esti- 
mation at least, is the fairest city in the 
country, and from the applause he re- 
ceived, it would appear that others were 
of the same opinion. Among other things 
he said that more than 6000 special articles 
are manufactured in the city and county. 

President Ballard brought out and dwelt 
upon the thought that the engineering 
profession is one of utmost importance, 
and that mankind owes more to it than 
to medicine, law, or other professions. 

A departure was made in the manner 
of presenting the various papers to the 
society. Instead of the authors reading 
their papers, as printed in the journal, a 
condensed presentation of the salient 
points in each paper was given by the 
author. The members, who were supposed 
to have familiarized themselves with the 
text matter of each paper, were then given 
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an opportunity to 
paper. 


discuss the original 
This plan gave very pleasing re- 
sults, and with the exception of such as 
did not refer particularly to steam or 
electrical matters, the papers were fairly 
well discussed. 

The first paper treated upon “Hot, Soft 
Water for Steam Boilers,” by G. H. Gib- 
son. He described the manner in which 
scale-forming particles got intd feed water 
in the first place, and gave the chemical 
action that occurs when various chemicals 
are introduced into the feed water. The 
point was made that some engineers are 
under the impression that some feed 
waters are chemically pure; pure water, 
however, can only be obtained by distilla- 
tion. 

The method of testing water for solids 
was discussed, also the effect of scale in 
a boiler, but the predominating thought in 
this connection was that, although scale 
undoubtedly makes an increase in coal 
consumption, and has a great bearing as 
to the matter of economy, these factors 
are of less importance than that of safety 
in operation, and the cost of repairs, due 
to a reduction of expenses. The 
matter of safety being the leading feature 
in boiler practice, scale should be elim- 
inated for that reason if for no other. 


labor 


In discussing the treatment of scale with 
soda ash, it out that 
should be exercised, as it tends to 


was brought care 
pass 
into the steam lines and dissolve the rub 
ber gaskets in the flange joints, and that 
as a remedy a steam separator would in 
The 
should be provided 
with a drip pipe of sufficient dimensions 
to take care of all water the 
would be apt to handle. Another factor 
in dealing with the use of soda ash was 
relative to the injurious effect it has on 
brass seats and disks of blowoff valves, 
and copper seats and disks were recom- 
mended. 

The second paper read dealt with “The 
Interpole Motor,” by Prof. H. B. Dates. 
He stated that it was not a new idea, 
probably about 25 years old, and un- 
doubted originated abroad. The motor 
is found extremely useful in cases where 
the machine is to work with high-speed 
tools which require special speeds. A brief 
description of the motor was entered into 


most instances eliminate this trouble. 
separator, however, 


separator 


in which was incorporated the statement 
that there are indications that the electri- 
cal companies are inclined to work the in- 
terpole idea overtime in order to be sure 
that trouble will not occur from spark- 
ing commutators. Another advantage of 
this type of motor is that it is available 
for street-car service, as it will produce 
the same power, although occupying less 
space than the ordinary type. Another 
thing, the idea is not limited to motors, 
but can be applied to generators where 
trouble has been encountered with spark- 
ing at the commutator. 

A paper on “Heat Insulation” was well 


received. Mr. Hooge, the author, was not 
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preseri, and an abstract of the paper was 
given, by W. L. Brown, who said, among 
other things, that the subject of thorough- 
ly insulating steam pipes has become of 
great importance, especially since the in- 
troduction of superheated steam, and that 
the best results are now being obtained 
by 85 per cent. asbestos covering, the 
thickness and style of application being 
governed by’the temperature of the steam. 
There are three kinds of covering; that 
suitable for low-pressure plants, that 
adaptable for a steam pressures up to I50 
pounds per square inch, and superheated 
steam. No pipe covering is made that 
will withstand moisture to any great ex- 
tent, was the statement made to inquiries 
relative to this point. 

“On the Ethics of Society Membership,” 
a paper presented by David Gaehy, con- 
tained much of benefit to the members of 
the society. It pointed out how each 
member could, and should promote the 
interest of the society by meeting every 
obligation as it came to him, by attending 
the meetings, by obtaining new members, 
by preparing a paper to be read at some 
meeting of the society on a_ subject 
thoroughly understood by the author, and 
to take an active part in the discussion 
of papers presented to the meeting. 

“Lubrication of Steam Cylinders by 
Grease” was a paper prepared by B. F. 
Fisher. The matter of cylinder lubrica- 
tion was taken up to some extent, as well 
as the composition of various oils used 
for that purpose, the main portion of the 
paper being devcted to the method of 
lubricating cylinders with grease of a 
special mixture and with a special feed- 
ing device. This paper aroused about as 
much interest as any that was presented. 
In the discussion that followed the read- 
ing of the paper it was brought out that 
one plant had operated for 72 hours on 
one pound of grease, costing 12% cents, 
as compared with five gallons of cyl- 
inder oil, costing 58 cents a gallon. It was 
claimed that the grease softened up old 
packing and made it pliable, thus adding 
to its life. 

At 2:30 p.m., the members of the society 
were taken on an inspection trip in a 
special car about the beautiful city of 
Canton, a visit being made to the works 
of the Canton Steam Pump Company and 
the Canton boiler works. On Saturday 
afternoon the members were taken by 
trolley to the power station of the North- 
ern Ohio Traction Company, where the 
opportunity of viewing the dissected parts 
of a Curtis turbine was afforded. Next a 
visit was made to the city pumping sta- 
tion and from there to the McKinley 
Memorial. 

The most important business transacted 
by the society was the nomination of the 
following committees: Research Com- 
mittee, to carry on the work of getting 
together important data from any avail- 
able source relating to the work of the 
society regarding steam, electrical and me- 
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chanical engineering; Membership Com- 
mittee; Publicity Committee and Ad- 
vertising Committee, the three latter to 
attend to such matters as their 
signify. 

Thirty-three active members and one 
associate member were received into the 
The next meeting will be held at 
Lima, O., Friday and Saturday, November 
19 and 20, 1909. 


names 


society. 





Annual Convention of the 


A LE. &. 


The next annual convention of the 
American Institute of Electrical Engineers 
will be held at Hotel Frontenac, Thousand 
Islands, Frontenac, N. Y., beginning Mon- 
day, June 28, 1909. A tentative list of 
the papers to be presented is as follows: 

“Some Consideration in Designing 
Heavy Capacity Fuses,” by L. W. Downes. 

“A Sketch of the Theory of the Ad- 
justable Speed Single-phase Shunt Induc- 
tion Motor,” by F. Creedy. 


“Calculation of the High Tension,” by 


Percy H. Thomas. 

Transmission Paper, by W. S. Moody. 

“Effect of Frequency upon the Cost of 
Alternators,” by C. J. Fechheimer. 

Two papers on high-tension transmis- 
sion subjects, by R. D. Mershon. 

“The Reduction in Capacity of In- 
duction Motors due to Unbalancing in 
Voltage,” by S. B. Charters and W. A. 
Hillebrand. 

“The Heating of Induction Motors,” by 
Alexander M. Gray. 

Telephone paper, by J. J. Carty. 

Three Industrial Power papers, by D. 
B. Rushmore. 

“The Resistance and Reactance of 
Armored Cables,” by J. B. Whitehead. 

Two Educational papers, by A. S. 
Langsdorf and H. J. Ryan. 

“Generation for 100,000 Cycles,” by E. 
F. Alexanderson. 

“Repulsion Motors with Variable-Speed 
Shunt Characteristics,” by E. F. Alexan- 
derson. 

“Auxiliary Poles for Direct-current Ma- 
chines,” by John N. Dodd. 

“The Thermal Convection from Thin 
Copper Wire Supported in Air,” by A. 
KE. Kennelly, C. A. Wright and J. S. 
Bylevelt. 

Two papers, by Comfort A. Adams. 

“Harmonics, Even and Odd,” by J. B. 
Taylor. 

“Electric Measuring Devices,” by L. T. 
Robinson. 





“The Purification of Boiler Feed 
Water” is the subject of two tables pub- 
lished by the Harrison Safety Boiler 
Works, of Philadelphia. The larger of 
these gives the characteristics and reac- 
tions accompanying purification of water 
according to Stingl, as given in “Analysis 
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and Softening of Boiler Feed Water,” 
by Wehrenfennig. The paper first enum- 
erates seven classes of material occurring 
in water. Under each class is indicated 
the scale formation due to its presence. 
The third section gives the degree of 
solubility in natural water; the fourth, 
the means of causing precipitation and 
transposition; the fifth section indicates 
the procedure and the reactions occurring 
thereunder ; the sixth and seventh sections 
give, respectively, the substances remain- 
ing in solution and in the precipitates after 
the precipitation or transposition occurs. 
The chart is 9x22 inches and contains 
in this condensed form a fund of infor- 
mation which will be valuable to the en- 
gineer. The smaller table is reprinted 
from a paper read by Messrs. Hunt and 
Clapp before the American Society of 
Mechanical Engineers, and accredited by 
them to Prof. S. M. Norton, giving the 
cures recommended for such troubles as 
incrustation, corrosion and priming. These 
charts, we understand, will be sent 
gratuitously to any applying for them, 
the interest of the Harrison Safety Boiler 
Works in the matter being due to the 
fact that the charts show that the purifica- 
tion of water for boiler-feeding purposes 
can be accomplished in a commercially 
successful manner by the proper applica- 
tion of heat and soda ash, as is done in 
their open heater system; that is, that 
these two remedies will protect the boil- 
ers from corrosion, since they completely 
neutralize any acid which may be in the 
water, and from the formation of hard 
scale, since heating water by spraying 
through the steam takes the place of the 
caustic lime or caustic soda used in other 
processes for taking up carbon dioxide. 





Personal 


Charles K. Thomas, formerly _ sales 
agent of the D. T. Williams Valve Com- 
pany, of Cincinnati, has been elected vice- 
president of the company, to succeed the 
late Francis X. Pund. 





Obituary 





The late Francis X. Pund, whose death, 
on May 8, was announced in the June 1 
number, was born in Cincinnati and at 
an early age secured a position with Post 
& Co:, and after faithfully serving this 
firm for eight years, he and one of his 
fellow employees, George Puchta, bought 
out Post & Co., and continued business 
under the name of Puchta, Pund & Co., 
and later as the Queen City Supply Com- 
pany, which became one of the best known 
mill and factory supply houses in the 
country. In 1904 he entered the manu- 
facturing business and with David T. 
Williams, formerly general manager of 
the Lunkenheimer Company, founded the 
well-known D. T. Williams Valve Com- 
pany. 
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FREEHAND AND PERSPECTIVE DRAWING. By 
nerbert E. Everett and William H. 
Lawrence. Published by the American 
School of Correspondence, Chicago, 
1909. Cloth; 126 pages, 6%x9% 
inches; 83 illustrations. Price, $1. 

This book, which is one of a series of 
handbooks on a great variety of subjects, 

published by the American School, is di- 

vided into two parts, the first containing 

62 pages on freehand drawing and Part 

II 64 pages on perspective drawing, the 

author of each part being given in respec- 

tive order. As usual with these volumes, 
the book has been prepared for home 
study in a style easily within range of 
common understanding. Part I contains 
the fundamental principles of freehand 
drawing, a number of elementary exer- 
cises and some plates of the common 
types of ornament of Egyptian, Assyrian, 

Greek and Italian design. Part II is de- 

voted to definitions, the general theory of 

perspective drawing briefly treated, me- 
thods employed and a number of problems 
in perspective. 


WATER Power ENGINEERING. 
W. Mead. Published by McGraw 
Publishing Company, New York, 
1908. Cloth; 787 pages, 6x9 inches; 
413 illustrations; 89 tables. Price, $6. 

In the compilation of this book the 

author has recognized that a knowledge 
of design and construction is by no means 
all that is required in the development of 
a water-power project. Other factors, 
such as the adequacy of supply, the head 
and power available and the probable 
variations, the plan for development, cost 
of construction and operation, and the 
advisability of the investment are quite as 
important and each factor must be care- 
fully considered to assure ultimate suc- 
The author has drawn freely from 
his 25 years of professional practice and 
his lectures to the senior class of the Uni- 
versity of Wisconsin, and an extended 
acquaintance with the literature on the 
subject is shown by the number of refer- 
ences given at the end of the various 
chapters. The book is specific and thor- 
ough in its treatment of the various 
phases of water-power engineering, and to 
the student or the hydraulic engineer 
should prove to be a valued edition. 

Beginning with a short introduction on 

the history of water-power development, a 

second chapter on power and a third giv- 

ing the basic principles of hydraulics, a 

series of five chapters is devoted to the 

method of studying stream flow by actual 
or comparative hydrographs. The de- 
termination of available head for all con- 
ditions of flow and all conditions of use 
is given considerable space and a method 
outlined for the consideration of possible 
variations in flow during periods for 
which no measurements are available 


By Daniel 


cess. 
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based on the rainfall records, the effect of 
variations in head and that of pondage 
on the amount of power developed being 
duly noted. In this portion of the book 
rainfall and its disposal, runoff, stream 
flow and its measurement are given due 
attention. Following in natural sequence 
are chapters on the water wheel, turbine 
details, hydraulics of the turbine and a 
chapter of some length on turbine test- 
ing. A method of turbine analysis and 
selection based on actual tests is pre- 
sented, and a careful study of these chap- 
ters should enable the engineer to intelli- 
gently select a turbine for any particular 
condition of service and closely approxi- 
mate the results which would be obtained 
during all conditions of flow and varia- 
tions in head. 

Load factors, speed regulation and 
water-wheel governors, arrangement of 
the reaction wheel, selection of machinery 
and design of plant, examples of water- 
power plants, construction of dams, pond- 
age and storage, cost and sale of power, 
and the investigation of water-power 
projects are all subjects treated in the 
concluding chapters of the book, and these 
are followed by appendices on water ham- 
mer, speed regulation, the standpipe, test 
data of turbine water wheels, effect of an 
umbrella upon formation of vortices, 
evaporation tables, two new water-wheel 
governors, and miscellaneous tables. 

Supplemental to the text are charts of 
stream flow, rainfall, evaporation and run- 
off, horsepower curves, load curves and 


_curves characteristic of various turbines, 


in addition to other information in chart 
and curve form. The illustrations are 
numerous and well chosen, and in all, the 
book is a highly commendable treatise on 
the subject. 


Hypro-ELectric Practice. By H. A. 
E. C. von Schon. Published by J. B. 
Lippincott Company, Philadelphia and 
London, 1908. Cloth; 382 pages, 
714x9% inches; 236 illustrations; 33 
tables. Price, $6. 

This book is a treatment of hydroelec- 
tric practice worthy of the highest com- 
ment. It is divided into two parts. The 
first division, containing 89 pages, pre- 
sents the commercial side of the subject, 
and as it is devoid of technical treatment 
no special engineering training nor experi- 
ence is required to clearly understand and 
appreciate the contents. Chapter I treats 
briefly of the market of electric current; 
Chapter II discusses the power oppor- 
tunity, with articles on flow, drainage, 
precipitation, evaporation, available fall, 
power output, etc.; Chapter III relates to 
the practicability of the development; 
Chapter IV gives a synopsis of the cost 
of development, including cost of dam, 
diversion work, power house, reservoir 
embankments, power equipment and trans- 
mission lines; Chapter V concludes the 
first part with a review of the value of 
the project and suggests its proper 
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presentation. Although the various sub- 
jects enumerated are presented briefly, 


enough is given to acquaint the reader 
with the requirements of the work, the 
probable cost and the feasibility of any 
particular installation. 

Part II is devoted to the designing and 
equipping of the plant and was written 
for the student and engineer in practical 
work. To appreciate fully this section a 
knowledge of the principles of surveying 
and the rudiments of hydraulics, hydro- 
statics and dynamics is required. The 
technic in this part is elementary and 
methods or deductions are presented for 
the most part without complexity. Use- 
ful constants are reduced to diagram- 
matic form and features of importance 
are illustrated by sketches or views from 
existing plants. 

Beginning with the surveys, flow meas- 
urements by different methods, and de- 
velopment programs covering the many 
possibilities presented by various condi- 
tions, the second part continues with a 
chapter of 136 pages on structural types, 
including the theory and constants of 
concrete-steel construction, methods of 
coffering preparatory to dam and power- 
house construction, with tables of quanti- 
ties for dikes, sheet pile and wall cur- 


tains, and the various types of cutoff 
structures. The subject of dams and 
spillways is introduced by an extended 


consideration of the theories of pressure 
and resistance and the underlying princi- 
ples, with determinations of practical con- 
stants for a variety of designs. 
crete-steel gravity dam is fully 
and devoted to 


The con- 
detailed 
diversion 
works embracing open channels, flumes 
and pipe lines, with data on flow, slope 
and_ velocities. construc- 
tion is treated in detail of foundation, pits, 
penstocks and the operating and 
special given to sub- 
merged power station. 

Following is a chapter on power equip- 
ment, including the various types of tur- 
bine, their designs and efficiencies; hy- 
draulic governors, the electrical generator 
and minor apparatus,®and the transmis- 
sion line. Part of the space devoted to 
electrical equipment is taken by an elemen- 
tary consideration of magneto-dynamic 
theories, alternating current, purpose and 
design of the various parts of a dynamo, 
etc., all of which would appear a little out 
of place in a book of this character. A 
brief generalization on constructing the 
plant, incorporating the preparation of 
plans, estimates and specifications, closes 
the book. 

art II is a little brief in places, touch- 
ing features on the surface only, but in a 
book on such a diversity of subjects and 
using 12-point type, although a little wider 
than usual, this is to be expected. Points 
most pertinent to the subject in hand are 
given a reasonable amount of space, and 
the book in its entirety should be a most 
desirable and useful compilation. 


some space 


Power-station 


floor, 


attention is the 





Business Items 


A very neat and handy telephone index 
is being sent out by R. F. Morse, 74 Weybosset 
street, Providence, R. I. Send and get one—— 
it is free. 


The American Steam Gauge and Valve 
Manufacturing Company made more than 
seventy thousand safety and relief valves dur- 
ing a single year. 


The Builders’ Iron Foundry, Providence, R. I., 
is the licensee and builder of the new transmis- 
sion dynamometer described by William H. 
Kenerson in a paper read at the recent A.S.M.E. 
meeting at Washington, D. C. 

The Gatesville Electric Light Company, Gates- 
ville, Tex., has awarded a contract to the Minne- 
apolis Steel and Machinery Company for a 75- 
horsepower Muenzel gas engine and lignite 
producer which is to be installed in a new plant 
now being built. 

The Lincoln Motor Works Company, of Cleve- 
land, has changed its corporate name to the 
Reliance Electric and Engineering Company. 
The management remains the same. They will 
‘continue to buiid the Lincoin variable-speed 
motor, and will also add a complete line of con- 
stant speed motors. 


The Sight Feed Oil Company, of Milwaukee, 
Wis., is building a new plant for the manufacture 
of the Richardson oil pump, and it is expected 
to be ready for occupancy .August 1. The busi- 
ness of this company has increased so during 
the past eight years that it has had to enlarge 
its works several times. 

The Murphy Iron Works announces that its 
New York office has been removed to room 
1671, Hudson Terminal building, 50 Church 
street. H. W. Cunning, formerly representing 
this company in Birmingham, will be in charge 
as district manager, and will be pleased to give 
prompt attention to any request for information 
with regard to Murphy automatic smokeless 
furnaces. 

Adam Happel, 408 East Ninety-third street, 
,New York, is having a 12x30 Corliss girder-frame 
engine built by the Hewes & Phillips Iron Works 
for operating one of his plants. This is the second 
engine order Hewes & Phillips have from Mr. 
Happel. The Hewes & Phillips lron Works 
also reports an increasing demand for its high- 
grade castings. All pig iron, coke and other 
materials entering into the work is first sub- 
jected to chemical analysis and the company 
can satisfy the most critical buyers. 

The Museum of Safety and Sanitation an- 
nounces the election of Arthur Williams to 
the board of trustees. Mr. Williams is the 
general inspector of the New York Edison Com- 
pany and a member @f the American Institute of 
Electrical Engineers. In 1907 he was decorated 
by the French government. He is a member 
of the American section of the Internation) 
Housing Congress and was a member of the 
Kighth International Congress of Social Insur- 
ances at Rome, 1908. Mr. Williams will serve 
on the lecture committee of the Museum of Safety 
and Sanitation. 

Circular 1502 issued by the Westinghouse 
Electric and Manufacturing Company contains 
much valuable information on alternating- 
current distribution, covering transformers, 
lightning arresters, insulators, cross arms, ete. 
Considerable space is devoted to underground 
and overhead construction applicable to con- 
gested and scattered districts. There is also 
given information on potential regulating systems. 
The circular contains 52 pages of information 
of value to any central-station man or any other 
connected in any way with the distribution 
of power by alternating-current lines. 

The purification of boiler feed water is the 
subject of two charts reprinted from well-known 
authorities upon this subject by the Harrison 
Safety Boiler Works, Seventeenth and Clearfield 
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streets, Philadelphia. The charts show that the 
purification of water for boiler feeding purposes 
can be accomplished in a commercially success- 
ful manner by the proper application of heat 
and soda ash; that is, that these two remedies 
will entirely protect the boilers from corrosion 
and from the formation of hard scale, since boiler 
feed water should be heated in any case and 
since heating water by spraying through steam 
takes the place of the caustic lime or caustic 
soda used in other processes for taking up carbon 
dioxide. 

The Wisconsin Engine Company, of Corliss, 
‘Wis., has just shipped to the Allegheny Valley 
Street Railway Company, of Pittsburg, two 
horizontal cross-compound heavy-duty Corliss 
engines of its ‘‘higher speed’’ type. Each 
engine will develop 750 horespower and is direct- 
connected to a 500-kilowatt generator operating 
at 150 revolutions per minute, a speed usually 
thought to be beyond the limit of the Corliss 
engine. The Wisconsin Engine Company, how- 
ever, has made a specialty of what it calls its 
“higher speed’’ Corliss enginés and has built 
a large number of them, all of which are operating 
very successfully. One of the engines afore 
mentioned drives a _ direct-current generator 
the other an alternating-current generator. 

Keystone grease, manufactured by the Key- 
stone Lubricating Company, Philadelphia, is 
used as a lubricant for pumping-station machinery 
at a number of large private water companies 
in the vicinity of New York City. One of these 
is the Hackensack Water Company, operating 
two triple-expansion vertical Allis pumping 
engines at 170 pounds steam pressure, with a 
duty of 20,000,000 gallons per 24 hours against 
a head of 180 pounds. This plant supplies a 
large section from Spring Valley, N. Y., to 
Weehawken, N. J. The pressure on the engine 
journals is 290 pounds per square inch. No. 
4 density Keystone grease is used on these 
engines, at a reported saving of 52.5 per cent. 
in cost of lubricant over the lubricating oil 
formerly used, and with no increase in the 
friction load. There is also a decided saving 
of labor, and of mess under the pumps. This 
water company is now putting in a new 12,000,000 
gallon unit of the same type, which will also 
be lubricatd with Keystone grease. 


“‘The Proper Care of Belts” is the title of 
a new booklet of 24 pages, recently prepared by 
the Joseph Dixon Crucible Company, Jersey 
City, N. J. It is divided into three sections, 
headed respectively: Belts; Belt Dressings; 
and Hints, Kinks, Tables. The first section 
deals with the running condition of belts; the 
second takes up treatment with various prepara- 
tions; and the third, as the title indicates, has 
some general points upon belting and its use. 
This last section contains some interesting matter 
collected from several sources. It tells what 
results were secured in a plant where records 
were kept over a period of years; gives the eco- 
nomical speeds at which leather belts should 
be run; has some matter telling of the different 
styles of joints, illustrating three methods of 
leather lacing; contains rules for calculating 
speed of pulleys; gives horsepower transmitted 
by various sizes of single and double belts, etc. 
While it is got out in the interests of the traction 
and solid belt dressings that the Dixon company 
place on the market, it contains so much matter 
of general interest as to be valuable to the prac- 
tical man. 





New Equipment 


’ 
The Newport (Tenn.) Bottling Works will 
install ice-making plant. 
The I. T. Goodrich Company, Savannah, Ga., 
will install a 20-ton refrigerating machine. 
The F. Mayer Boot and Shoe Company, Mil- 
waukee, Wis., will erect a new power plant. 
The Lytle Creek Power Company, San Ber- 
nardiny, Cal., will increase output ot plant. 
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The city of Crockett, Tex., has issued $25,000 
bonds for the construction of new water works. 

The Striffier Ice and Coal Company, Spring- 
field, Ill., is erecting a new ice and cold-storage 
plant. : 

City of Canyon, Tex.. will vote on issuance 
of $33,000 bonds for water works and sewer 
system. 

The Westfield (Mass.) Power Company has 
awarded contract for the construction of a new 
building. 

The Middletown (Ohio) Gas and Electric 
Light Company will erect a new electric light 
power house. 

The city of Bessemer, Mich., is contemplating 
replacement of boilers, pumps, etc., for water- 
works system. 

The Edison Company, New York, has filed 
plans for a new power-house on 26th street, near 
Sixth avenue. 

The El Paso (Tex.) Electric Railway Com- 
pany will erect an addition to power house 
to cost $14,000. 

City of Appalachia, Va., will issue $50,000 
bonds for construction of water works. Ad- 
dress the mayor. 

City of Newberry, S. C., voted to issue $40,000 
bonds tor extension of sewer and water systems. 
Address the mayor. 


The Eastern Wisconsin Traction Company, 
Fond du Lac, Wis., is planning to abolish line 
shaft changing to direct-connected generators. 
Will change from 8000-volt series direct-current 
to 660 volts, 7 lights in series. 





Help Wanted 


under this 
cents per line. 


head are in- 
About six words 


Advertisements 
serted for 25 
make a line. 

WANTED—Steam _ specialty salesmen on 
commission. Reiter Boiler Cleaner Co., Elgin, 
Ill. 


SELLING 
condensers. 
delphia, Pa. 

WANTED—Thoroughly 
specialty salesman; one that can sell 
grade goods. Address “M. M. Co.,’”” POWER. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED —First-class foreman blacksmith, 
capable of handling shop doing both hand and 
machine work, and of developing new methods. 
Box 57, POWER. 

DRAFTSMAN WANTED-—Steam engine or 
turbine experience essential. Write, giving 
age, experience and_ salary required. The 
Terry Steam Turbine Company, Hartford, Conn. 


ENGINEER wanted 
Schutte & Koerting 


for 
Co., 


steam 
Phila- 


steam 
high- 


competent 


Situations Wanted 


Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 


SITUATION as Corliss engineer in 
mill or plant. Box 58, Powrr. 

DRAFTSMAN— Three years’ 
engineering and steam turbine 
design, and three years in stee 
56, PoWwErR. 

CORNELL 


some 


experience _ in 
yower station 
plant. Box 


GRADUATE, age 32, desires 
position. Practical experience includes power 
plant and shop superintendence; electric and 
pneumatic power distribution; applications of 
electricity in manufacturing plants, particularly 
individual motor drive; specification work 
and correspondence. Broad knowledge of gen- 
eral machinery. Executive and business ability. 
Highest endorsements. Box 59, Powmr. 


Miscellaneous 


Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. : 

WANTED—From 500 to 1500 horsepower 
of B. & W. water tube boilers in units ®f 250 
horsepower each. Must be in A-1 condition. 
Inquire of J. F. Cargill, Room 1630, Frick 
Building, Pittsburg, Pa. 


PATENTS secured promptly in the United 
States and foreign countries. Pamphlet of 
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The New Keystone Watch Case Co. 
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Plant 


How an Old Plant Was Remodeled and Made Uptodate During 
a Busy Period, without Interrupting the Service; the Units Installed 





B Y 


When an engineer sees a new uptodate 
power plant operating in an industry 
where he knows for a certainty that only 
a short time before the same ground was 
occupied by old boilers, old engines and 
apparatus generally; and when he learns 
that the change from return-tubular boil- 
ers to water-tube boilers, from slow- 
speed belted engines to higher-speed en- 
gines with electric generators on the 
shafts, from wide and long main driving 
belts to small wires, carrying power to 
widely distributed motors; and, in fact, 
from everything that was old in the 
methods of power transmission to all that 
is new, without a moment’s interruption 
in the service, the story of the manifold 
steps in the transformation excites as 
much interest as, if not more than, the 
perfect working of the plant. 

Early in 1907, as a basis for other im- 
provements, the management of the Key- 
stone Watch Case Company decided to 
remodel the power plant of the factory, 
changing it from a belt- to a motor- 
driven system which would embody all of 
the later and better improvements in in- 
dividual and group machine driving. 
Some idea of the problems to be solved 
in the change may be had when it is un- 
derstood that from the engine, boiler and 
pump rooms there were taken four hori- 
zontal return-tubular boilers, two pumps, 
three engines, one feed-water heater, four 
electric generators and two motors, with 
all accompanying smoke flues, steam and 
exhaust piping, switchboard, etc., and 
there were installed in these same rooms 
three water-tube boilers, three engines 
with direct-connected generators, six 
pumps, two air compressors, one eleva- 
tor, switchboards, gage boards, oil filters 
for machine and cylinder oils, with the 
necessary storage tanks and everything 
that goes into the makeup of a modern 
manufacturing power plant. 

After the change was decided upon, 
but before any work was started, the chief 
engineer, under whose direct supervision 
the project was to be carried out, pre- 
pared a schedule or a sort of scorecard, 
on which all the steps of the proposed 
renovation were set down in the probable 
order in which they would take place, it 
being his intention to mark all completed 
steps by drawing a pencil mark through 
each paragraph as the work indicated in 
it was completed. One copy was fur- 


, 


fee 


nished to Treasurer and Secretary Charles 
M. Fogg, by which he was enabled to see 
at a glance just how much progress was 
being made from day to day. 

After several consultations between the 
manager and the chief engineer, it was 
decided to proceed with the work, even 
though the demands on the capacity of 
the factory had never been greater than 
at that time. Contracts for the new 
equipment were given out and operations 
following the lines of a_ well-digested 
plan were begun. It being summer, when 
little power was needed for lights, one of 
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the four 54-inch by 17-foot boilers could 
be spared. It was disconnected from the 
system and taken out, and in its place 
was installed the first of the three Maxim 
water-tube boilers, of 250 horsepower 
each, which were contracted for. This 
boiler was connected to a temporary stack 
and to the engines by a temporary steam 
main. By means of forced draft and 
firemen at each end it was made to de- 
velop more than 500 boiler horsepower. 
In a shed just outside the engine room 
there was an Erie City Iron Works 12x12 
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high-speed engine, with a 70-kilowatt 
Diehl generator on the shaft, and wired 
to motors which were installed in differ- 
ent parts of the factory to drive the shaft- 
ing that had been belted to one of the 
engines. This belted engine was taken 
out and in its place on a new foundation 
one of the two new Murray Iron Works 
Corliss engines which had been purchased 
was installed. Each of the new engines 
was what is commonly called direct-con- 
nected to Diehl compound-wound electric 
generators. 

During the time that the engines were 
furnished with from the single 
Maxim boiler connected to its temporary 
stack, the permanent stack, which had 
heen in use for 20 years and was in need 
of repairs, was relined with brick. 

When the first Murray-Corliss engine 
was erected it was like 
high-speed engine in shed, to 


steam 


connected, the 
the the 
boiler by a temporary steam pipe and put 
into service. This, in connection with the 
small engine in the yard, furnished the 
electric current which motors 
drove the entire factory, and another en- 
gine was taken out and in its place the 
second Murray-Corliss was erected. 


through 


As the work in the engine room pro- 
gressed the boiler room was not neglected. 
In the place formerly occupied by the 
three horizontal tubular which 
had furnished steam for the engines and 
pumps while the first Maxim boiler was 
being installed, there more 
Maxim boilers erected and equipped with 
temporary stacks. While the 
were being erected the permanent steam 
main was constructed. 

Crane extra-heavy non- 
return stop valves for a working pressure 
of 250 provided for the 
boiler nozzles, and to these the 10-inch 
extra-heavy steam main, with Van Stone 
joints and Crane “Ferrosteel” valves, was 
finally connected. This main after leaving 
the boilers turns first backward and then 
down by long-turn bends and passes un- 
der the engine-room floor, branching on 
the way in several directions leading to 
other points where steam is needed, either 
for heat or motive power. 


boilers 


were two 


engines 


“Ferrosteel” 


pounds were 


Individual 
pipes to each engine leave the main by 
long bends upward, passing considerably 
above the cylinders, and by return bends 
of long radius turned downward to the 
throttle valves. Nonconducting covering 
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is used throughout and in the engine room 
this is covered by a jacket of planished 
russia iron with half-oval bands of brass 
at the joints. 

In the pump room, which is on the 
boiler-room floor level, are six steam 
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be bypassed any time it is necessary to 
examine or repair the heater. 

Although a delivery and erection of 
all of the steam and electrical apparatus 
necessitated in the new installation was 
required within 60 days of the date of the 
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pumps of various sizes, four of which are 
so connected by the water piping that they 
may be independently or collectively used 
for boiler feeding or for fire pumps in 
addition to the regular Underwriters’ fire 
pump, which stands alone in the fire-pump 
room at the right-hand end of the boiler 
room. All drips from the engines and 
pumps are led to a large settling and sepa- 
rating tank set below the floor of the 
pump room which, while it allows the 
water to flow away to the sewer, col- 
lects and retains all of the oil, which is 
automatically returned to the lubricating- 
oil filter tank. Settling and separating 
tanks are quite an important feature in 
this establishment, as all the waste water 
from the laundry and wash sinks is care- 
fully treated for the purpose of recover- 
ing the gold and silver that are washed 
from the hands, faces and clothing of the 
operatives, something like $18,000 worth 
of the precious metals beifg recovered by 
this process each year. 

Large quantities of hot water are used 
in all parts of the factory and in the 
laundry, where all of the outer clothing 
of the operatives is washed. . This water 
is supplied from the boiler feed-water 
pipe leading from a _ rooo-horsepower 
Ferguson feed-water heater conveniently 
located under the engine room, a pres- 
sure-regulating valve maintaining a con- 
stant pressure of 40 pounds on the factory 
system. The exhaust-steam and water 
piping are so arranged that the heater can 
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were conducted, substantiating by their re- 
sults all claims made. Not until the new 
plant had been in operation several months 
and everything was going on in the regu- 
lar routine was any attempt made to con- 
duct tests. The boilers, three in number, 
are Maxim water-tube boilers, with the 
lower drum separated from the combus- 
tion space by firebrick arches and con- 
nected to the upper drum by six rows 
of specially bent tubes, the grates extend- 
ing the entire length of the boiler, as de- 
scribed and illustrated in Power of 
August II, 1908. 

Tests for the purpose of determining 
the capacity and efficiency of the boiler 
were conducted on April 1 and May 12, 
1908, the results of which appear in the 
tabulated report on the opposite page. 

The electrical apparatus for the plant 
was furnished by the Diehl Manufacturing 
Company, of Elizabethport, N. J., and con- 
sists of one 200-kilowatt and one 170- 
kilowatt engine-type generators, running 
at 125 revolutions per minute, and one 
75-kilowatt generator operated at 250 rev- 
olutions per minute, for night and holiday 
service. During the changes from belt 
drive to motor equipment, two engines 
and generators did severe service, running 
night and day, with, very frequently, long 
50 per cent. overload periods. 

The motor equipment consists of about 
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signing of the contracts, nothing that was 
not of the highest grade in design, work- 
manship and efficiency was considered; 
guarantees for efficiency and satisfactory 
operation under normal and overload con- 
ditions were exacted and exhaustive tests 








AND BOILER ROOMS WHILE WORK WAS GOING ON 


60 motors, ranging from 2 to 30 horse 
power, all except five being of slow speed, 
ranging from 350 to 600 revolutions per 
minute, mostly of the ceiling suspension 
type, and in many of the rooms the motors 
have been so placed that they are scarcely 
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REPORT OF TESTS AT THE PLANT OF 
THE KEYSTONE WATCH CASE COM- 
PANY ON MAXIM WATER- 

TUBE BOILERS. 





April 1, 1908.|May 12, 1908. 
10 hours 10 hours 
Ps 3 


Date of test....... 
Duration of test... . 
Number of boilers. . 
Heating surface of 

each boiler....... 


2,500 sq.ft. 
Area of grate of each 


2,500 sq.ft. 


nog SE 70 sq.ft. 70 sq.ft. 
Ratio of heating to 
grate surface..... 35.7 35.7 


35.7 
Kind of draft used. .| steam blower pa 


Average tempera-| 

ture of feed water. | 62.5° F. 67° F. 
Average tempera- 

ture of steam..... 357° F. 359° F. 
Highest temperature 

of escaping gases . 370° F. 507° F. 
Lowest temperature 

of escaping gases. 280° F. 310° F. 
Average tempera- 

ture of escaping 

gases.... 312° F. 381° F. 


Kind of fuel used...| Buckwheat No. 2 or rice. 














Total fuel used..... 13,800 lb. 22,400 Ib. 
Moisture in fuel. ... 1,104 lb. | 1,344 Ib. 
Percentage of mois- } 

ture in fuel...... 8% 6% 
Weight of refuse.... 3,723 lb. 4,946 lb. 
Percentage of refuse. 26.9% 23.49% 
Total combustible 

(dry weight of fuel 

less refuse)...... 8,973 lb. 16,110 Ib. 
Quality of steam... 99.5 99.16 
Percentage of mois- 

ture in steam.... 0.5% 0.84% 
Total water fed to 

boiler, actual......} 91,367 Ib. 151,459 lb. 
Water actually evap- 

orated corrected e 

for moisture in 

ae 90,911 lb. 150,186 Ib. 
Equivalent water ac- 

tually evaporated 

from and at 212° 

ond pound of com- 

12.177 lb 11.145 Ib. 


PAMBEEIINS ... 5 ois swe 








noticeable. The motors driving the polish- 
ing lathes are of the floor type, 4 to 20 
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are of the variable-speed type, with a 2 
to I variation. 

Practically everything around the fac- 
tery is motor-equipped, fans, elevators, 
pumps, exhaust wheels, blowers, rolls, 
etc., motors being selected of types and 
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was worked out with such precision that 
no changes or alterations have been made 
. . 

since and ‘on the whole the 
plant will compare favorably with any in 
the country. 


starting, 


It was demonstrated by the acceptance 
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16x36 MURRAY-CORLISS ENGINE WITH 170-KILOWATT DIEHL GENERATOR 
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18x30 MURRAY-CORLISS AND I2XI2 ERIE CITY IRON WORKS ENGINES, WITH 
200 AND 7O-KILOWATT DIEHL GENERATORS 


horsepower, direct-connected to the shaft 
and running at an average speed of 350 
revolutions per minute. The electroplat- 
ing department and engine-turning rooms 
are equipped with motor-generator sets. 
The blower and air-compressor motors 


speeds to suit the various conditions to 
be met. All the starting and controlling 
apparatus are of the Cutler-Hammer type. 

The new boilers, engines and generators 
are located in the rooms occupied by the 
old apparatus. Every detail of this plant 


tests of the instalment that the guaranteed 
efficiency was far higher for all machinery 
than was provided for in the specifications. 
All the generators and motors have been 
run many times longer than three hours 
with an overload of more than 50 per 
cent., without sparking or heating above 
the limit specified. 

The contract for the Murray Iron 
Works Corliss engines allowed an ex- 
tremely short time, about 60 days, for de- 
livery and installation, but each engine 
was delivered considerably ahead of time. 
The contract provided that the engines 
should operate noncondensing under a 
steam pressure of 150 pounds at 125 revo- 
lutions per minute, with a water consump- 
tion not exceeding 24% pounds per indi- 
cated horsepower per hour. After the in- 
stallation of the engines, a 10-hour test, 
at which both parties to the contract were 
duly represented, was run on March 31, 
1908, the water consumed by the engines 
being weighed to the boilers, and all due 
precautions taken to insure exact results. 
During this test, indicator diagrams were 
taken every IO minutes, a water-rheostatic 
load being maintained, the results showing 
a water consumption of 22.56 pounds per 
indicated horsepower-hour. Succeeding 
this, a test was run for overloads, and 
upon the engine- rated at 254 indicated 
horsepower a load of 466 indicated horse- 
power was maintained for several hours, 
an equivalent to 83 per cent. overload. 
The cutoff of the engine at this load, 
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shown by the diagrams, was 43 per cent. 
of the stroke and as .the engine is of the 
long-range cutoff type, guaranteed to 
maintain control from lead to 5% of the 
stroke, it is evident that a considerably 
heavier overload could have been carried. 
The speed of the engine on the rated load 
tests was 127 revolutions 
steam pressure 140 pounds. 


per’ minute, 
On the over- 
loads, the steam pressure was the same, 
and the speed fell to 126 revolutions per 
minute, showing a change in regulation 
maintained with an overload of 83 per cent. 
of less than % of I per cent. variation. 
Both Corliss engines are equipped with 
Murray high-speed governors, which 
operate at about twice the speed of 


the engine, while the economical features. 


were the result of extremely close cyl- 
inder clearances, adjustable bearings and 
the special double-ported Murray steam 
and exhaust valves, with the valve gear- 
ing operated by double eccentrics and 
dashpots, so perfected as to produce in- 
stantaneous release at the desired moment. 

The frames are. of one-piece castings, 
designed by Frederick W. Salmon. An 
interesting feature is the introduction of 
a large controlled by a= screw, 
placed immediately under the bottom bear- 
ing box, on each bearing, whereby the en- 
gine shaft can be kept in constant aline- 
ment, by the simple use of a wrench, as 
the babbitt wears. 


wedge, 


The engines have been in operation for 
about a year and a half and, notwithstand- 
ing the high speed under which they have 
been operated, show no signs of wear on 


BOILER FRONTS DURING CHANGE 
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SWITCHBOARD CONTROLLING ALL MOTORS AND LAMPS IN THE FACTORY 


any of the parts and have given no 
trouble, but have operated smoothly and 
easily during this time, although frequent 
overloads of 50 per cent. have been car- 
ried at various times. Fifty-six single- 
throw switches on the marble switch- 
beard in front of the engines, with ample 
floor space both front and rear, give the 








engineer control of each group of motors 
and the lights in every department of the 
entire factory. This board was designed 
by the chief engineer and built to the 
specifications furnished by him, and, with 
its circuit-breakers, ammeters, voltmeters 
and automatic controlling instruments, 
provides for any demand or emergency 


BOILER FRONTS AFTER CHANGE 





























June 15, 1909. 


that could possibly arise in the distribu- 
tion of power. 

From the extreme end of the boiler 
room where the t1000-gallon Wheeler 
Underwriters’ fire pump stands ready for 
instant service, through the boiler, pump 
and engine rooms, through the machine, 
blacksmith and carpenter shops, to the 
chief engineer’s office on the third floor, 
everything is at all times in first-class 


— 


Sweep Burning 


House 


| 
WN 


woe 


Engine Room 


POWER AND THE ENGINEER. 


working order. Every detail gives evi- 
dence of thought given by a master mind. 
Chief Engineer F. Mink is a thorough or- 
ganizer and from the daily reports in each 
department he makes up the complete re- 
port for the motive-power department. 
He can tell to the fraction of a cent the 
cost of power for each day of the year 
and his monthly statements show every 
item of expense. If it should appear that 


<< 


Sh 


Building No, 1 
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the motive power for December of one 
year cost more than for December of any 
other year, the statement shows whether 
this extra cost was due to labor, inferior 
or higher-priced coal, a few extra bolts 
for repairs, a new boiler tube, or what not. 
For more than 20 years these records have 
been kept and at a glance the cost of mo- 
tive power for any month of that time 
and every item of that cost may be seen. 


Boiler Room 
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ELEVATION AND PLAN OF BOILER AND ENGINE ROOMS 
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Care and Management of the. 
Horizontal Tubular Boiler 





By WiLtiAM KavANAGH 





The horizontal tubular boiler is very 
reliable and economical when properly 
handled and cared for. It is capable 
of storing large quantities of heat; its 
longevity is equal if not superior to any 
other type of boiler; it is cheap to install 
and repair; simple to handle and not at 
all difficult to clean, although one of the 
stock arguments against this type of boil- 
er is that it is difficult to clean; when, 
however, the correct method of cleaning 
this boiler is properly understood there 
will be no difficulty found in keeping it 
clean and free from scale, making it one 
of the most economical boilers to operate. 

Assuming that the boiler is under steam 
pressure and it has been decided to shut 
it down for cleaning, the correct way to 
clean it is as follows: Having shut the 
main stop valve, clean the furnace of 
ashes and whatever fire remains after the 
run, and close every door and damper on 
the boiler. Let the water remain in the 
boiler and allow the brickwork, boiler 
and water to cool together. When the 
process of cooling is over, open the safety 
valve and blow-down cock and let the 
water run off. After the water is out 
of the boiler, take off the manhole ‘and 
handhole plates and put a wooden or 
other plug in the blow-down connection. 
Take a hose and enter the boiler on top, 
and having secured a light in a con- 
venient position, play a strong stream of 
water between the tubes and around the 
shell, especially near the head flanges. 
It will be found that the most scale and 
mud will accumulate around the head 





FIG. 3 


flanges and particular attention must be 
given to these parts. 

Having given the boiler a thorough 
washing down, come out and, after play- 
ing a strong stream of water between the 
tubes either through the handhole or 
lower manhole, take a long-handled light 
hoe and collect all of the scale and mud 
at the nearest and most convenient open- 
ing. With a _ short, light hoe haul 
out all sediment and dirt. This part of 
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the cleaning process being over, once more 
enter the boiler through the upper man- 
hole and, having secured a light in a 
handy place, take a flat bar of sufficient 
length to reach from the top row of tubes 
down to and below the lowest row 
of tubes, as shown in Fig. 1, and 
swing this bar lengthwise of the boiler 
and between each row of tubes, being 
sure not to miss any of the rows, which 
will effectively clean out all scale. 
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be detected by placing the thumb and 
forefinger on the rivet, when the looseness 
can be felt as the brace is struck. Again, 
a loose brace can be detected by com- 
paring the ring of two or more braces 
having the same length and diameter. 
The ear can detect the difference in sound, 
the brace under the least tension having 
the lowest tone. Usually long braces are 
fitted with turnbuckles for the purpose 
of keeping them taut, while the short 





FIG, I 


When the use of the flat bar is finished, 
take a tee-bar, as shown in Fig. 2, and 
by placing it across and between each 
row of tubes and drawing the bar from 
head to head, all or nearly all of the scale 
lying between the tubes in the crosswise 
direction will be knocked down on the 
crown sheet. The scraping of the tubes 
being over, now inspect them to see how 
well it has been done. 

While in the boiler have a boiler-room 
employee fix an incandescent lamp on a 
long, light, wooden or iron rod or pipe, 
and then by having the light placed be- 
neath the tubes and shifted from row to 
row, and along the rows, you can look 
downward between the tubes and see how 
clean they are. 

After this mode of eleaning the tubes 
is finished, play a fresh stream of water 
once more around the tubes and shell and 
then have all of the scale removed. Be- 


« 


ot} 


fore leaving the inside of the boiler, in- 
spect it for loose braces. By striking 
the braces with a light hammer you can 
easily discover if any is loose, and all 
braces found loose must be tightened. 
When a loose brace is struck with a 
hammer the vibrations set up in the brace 
are long and slow, and the tone or “ring” 
is low. If the brace is taut, the “ring” 
or tone will be sharp and the vibrations 
short and rapid. A loose brace can also 
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flat braces are riveted to the head and 
shell and are not provided with means 
for keeping them taut. The short braces 
seldom get loose. 

Being satisfied that the braces are in 
good order, inspect the shell along the 
water line for corrosion, sometimes called 
“pitting” and “grooving.” Pitting can be 
detected by dull, red spots, and grooving 
by seams, small channels or grooves. The 
corrosion runs along the line coincident 
with the hight the water is carried and 
will be heaviest where the hight of the 
water varies most. 

When pitting and grooving occur suf- 
ficiently to cause a suspicion of the weak- 
ening of the shell or tubes, it will be nec- 
essary to follow up these signs and learn 
how deep the corrosive action has eaten 
into the metal. If of a depth to weaken 
the plate seriously, a hole should be drilled 
at each end of the groove or weakened 


FIG. 4. 


spot and a patch riveted on. Corrosion 
attacks the tubes mostly near a point 
where they enter the boiler heads. By 
striking the tubes with a small peen 
hammer, the weakened tubes will become 
dented or bent inward. Good strong tubes 
are not easily bent or dented with a blow 
of a light peen hammer. All weakened 
tubes should be taken out and replaced 
with good ones. 

After inspecting the tubes for flat spots, 
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weakened or corrosive parts, inspect for 
leaky riveted seams. If a seam leaks, 
take a calking tool and close up the leak, 
and if a loose rivet is found it may be 
made steam-tight with the calking tool; 
if not, the rivet should be cut out and a 
fuller rivet inserted. The inside of the 
boiler having been properly inspected, pass 
out all tools, lights, ete., and enter the 
furnace and inspect the crown sheet for 
blisters, etc. That part of the crown 
sheet directly over the bridgewall should 
receive particular attention. By using a 
light ball peen hammer and tapping the 
sheet carefully one is apt to locate any 
weak spots or injured parts. If a blister 
is found the skin of the blister should be 
cut off and trimmed all round, as by doing 
this you will be enabled to tell the depth 
or thickness of the metal cut away and 
the thickness of the remaining sheet. If 
the sheet has been weakened too much a 
patch must be riveted over the weakened 
spot. 

The back-connection sheet should re- 
ceive a similar test to the fire sheet. The 
tubes in the back head must be inspected, 
as the portion of the tube extending be- 
yond the head becomes eaten away by the 
action of the heat. If the handhole has 
been leaking for some time the head sheet 
will become corroded and _ weakened 
around the handhole. This is often a 
source of great danger, because when the 


boiler is under steam it is difficult to 
see if thé handhole plate is tight or 
leaking. A good plan is to take an in- 


candescent lamp and run its wires through 
a piece of pipe. Then by cutting a hole 
in the wall opposite the handhole the 
lamp can be pushed in near the boiler 
head, thus affording an excellent op- 
portunity for inspection of the rear tube 
sheet. 

Having thoroughly inspected the outside 
of the boiler, take out the plug in the 
blow-down connection, put on the hand- 
hole and manhole plates and make them 
tight. Take a stiff broom and attach it 
to a handle and rub off the dust from the 
fire sheet and tube Mix some 
fireclay to the consistency of stiff putty 
and plaster it around the rear handhole 
nut and stem. This will protect the nut 
and stem from the heat action. There 
are asbestos guards made for this pur- 
pose and their use will be found superior 
to fireclay. 

In Fig. 3 is shown how the lamp is in- 
serted through the hole at 4. After using 
the lamp, the hole can be closed by drop- 
ping the door B over it. In this way cold 
air is excluded and the draft is unim- 


sheets. 


paired. 

Fig. 4 shows an improved method of 
feeding a horizontal tubular boiler, and 
it will be noticed the feed water can be 
discharged either into the front or rear 
water arches, as indicated by the arrows. 
This method of boiler feeding does away 
with repairs to or falling rear arches, 
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besides adding considerable heat to the 
feed water. 

It is almost needless to add that in rais- 
ing steam it should be done as slowly as 
possible, the slower the better; the steam 
gage and safety valve should be re- 
liable and in good working condition; 
the gage cocks and water-column connec- 
tions should be clean and all passages 
free from scale. 





Close Regulation of Ridgway 
Engines 


The accompanying diagrams were taken 
from Ridgway engines and generators 
being installed in the Edgmere clubhouse, 
Edgmere, L. L., by C. F. Piehl, chief en- 
gineer, during two days’ tests. 

There are two units, one of 30 kilowatts, 
125 volts and 325 revolutions per minute, 
and one of 50 kilowatts, 125 volts, 300 
revolutions per minute. The 30-kilowatt 
set is for carrying the day load from 1 
a.m. to 4 p.m., during which time the 
lighting load is from 80 to 100 amperes, 
and an additional elevator load, which 
consists of one Sprague 4000-pound-ca- 
pacity passenger elevator. 

The 50-kilowatt set is for the night 
service, from 4 p.m. to I a.m., when the 
lighting load is about 300 to 350 am- 
peres, in addition to the elevator service. 
These conditions require very close regu- 
lation of engines and generators. 

The governors are of the Ridgway 
type, applied to side-crank construction, 
and operate without dashpots. The very 
quick action of this governor is evi- 
denced by card A, which shows that the 
governor made the complete change from 
full to no load in less than two revolu- 
tions, when the circuit-breaker was 
thrown out. The card B shows the change 
with a load quickly applied, which il- 
lustrates changes in the form of the card 
for different loads. Representative in- 
dicator cards are shown by C, D and E. 

The full elevator load of about 140 
amperes thrown on or off either of these 
units instantaneously produces a change 
of less than one volt in the circuit. With 
this amount of load thrown on or off in- 
stantaneously, and the two units in 
parallel, the instantaneous change of volt- 
age is less than one-half a volt. These 
governors were tested with adjustment for 
a rise of speed of 5 revolutions when the 
load was applied and operated entirely sat- 
isfactorily. This wes done to test their 
stability without dashpots. They were 
also adjusted to run at exactly the same 
speed, when fully loaded as when light, 
under which condition they operated with- 
out fluctuation, apparently as satisfactorily 
as when set for a falling off in speed of 
I or 2 revolutions. 

The generators are of the Ridgway 
type, with compensating winding. With 
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full load on the 50-kilowatt generator for 
5 hours, the compensating winding rise 
was only 56 degrees Fahrenheit above 
the atmosphere, and on the 3go-kilowatt 
machine, for the same length of time, 65 
degrees Fahrenheit. The field-coil rise 
for the 50-kilowatt generator was 56 de- 
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grees Fahrenheit, and for the 30-kilowatt, 
60 degrees Fahrenheit. The armature rise 
was 60 degrees Fahrenheit for the 50-kilo- 
watt and 58 degrees Fahrenheit for the 
30-kilowatt machine. The commutator 
rise was 65 degrees for the 50-kilowatt 
machine and 55 degrees for the 30-kilo- 
watt generator. 





According to a consular report, 1230 
female students are enrolled at the nine 
leading German engineering schools. 
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“Phasing” Alternating Current Generators 


Curves Explaining Principles Involved in Phasing Out, and the 
Result of Throwing in Parallel Machines Not Properly Phased Out 





» Ff 


Phasing is not the same as synchroniz- 
ing, although the two operations are very 
closely related. Briefly stated, phasing 
consists in determining whether the phases 
of alternating-current generators are con- 
nected in the proper relation to the switch- 
board or other apparatus. 

The principles involved in phasing out 
and the consequences of throwing the 
machines together in parallel that are not 
properly phased out are best illustrated 
and explained by means of curves repre- 
senting ihe names of electromotive forces 
generated by the machines. 

In Fig. 1 is shown the armature con- 
nections for two machines connected 
through switches to busbars. These ma- 
chines may be generators, synchronous 
motors, rotary converters, or a combina- 
tion of any of these, as the problem is 
the same in any case. I have chosen two- 
phase machines for the explanation be- 
cause two-phase curves are simpler than 
three-phase curves, and practically the 
same measuring applies to both two-phase 
and three-phase machines. 

In practice the machine to be put in 
service is phased simply with the busbars 
of the switchboard on the lines running 
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to the machine, without considering the 
other machines that are already in opera- 


tion. In the diagrams, however, I have 
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shown the second machine in the hope of 
making the explanation clearer. 


How To Use THE CURVES 


In Fig. 1 the switches of machine No. 
2 are shown closed, while those of ma- 
chine No. I are open. In this case ma- 
chine No. 1 is to be put into commis- 
sion. In Fig. 2 are shown the voltage 
for No. 1 and No. 2 
of Fig. 1. The frequency chosen is 25 
per second, so that a complete 
cycle will occur in 1/25 second, as shown. 
In all these curves the distance horizontal- 
ly is a measure of time in fractions of a 
second, and the distance vertically is a 
measure of the voltage at any instant of 
time. In all cases the curve generated by 
phase A is shown by dotted lines, and the 
curve generated by phase B is shown by 
solid lines. 

Considering Fig. 2, the dotted curve 4 
represents the instantaneous voltage gen- 
erated in the armature coils of phase A. 
The straight horizontal line through the 
center of these curves is called the axis 
of the curves and at the instant a curve 


curves machines 


crosses this line it indicates that the 
voltage in the corresponding phase is 
zero. It is evident that phases A in both 


machine No. 1 and machine No. 2 reach 
their maximum at the same instant, so 
that if the A phases of the machines 
were connected together while they are 
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running in this way there would be no 
tendency for current to flow from one 
machine to the other. The B phases of 
both machines also reach their positive 
and negative maximum values at the same 


Machine No. 1 
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hind No. 1, phase A of machine No. 2 
will be a maximum negative voltage, while 
phase A of machine No. I is at maximum 
positive voltage; consequently, the lamps 
on phase 4 will burn at full brightness. 


Machine No. 2 
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instant, sc that the B phases could also 
be connected together without tendency 
for current to flow between them. In 
other words Fig. 2 shows the correct con- 
ditions for throwing the machines in 
parallel; that is, they “phase out” cor- 
rectly. 

Suppose for simplicity that the machines 
represented diagrammatically in Fig. I 
have a normal voltage of about 400 volts, 
so that a bank of four t1o00-volt lamps 
in series would come up to full bright- 
ness if connected across one phase. If 
two such sets of series lamps are con- 
nected around the two open switches of 
phase A of machine No. 1, with both ma- 
chines running at normal voltage, the 
lamps will alternately come up to full 
brightness, then become entirely dark, the 
rapidity of this action depending on the 
difference in speed of the two machines 
(assuming the machines to have same 
number of poles). 

We can explain this action by means 
of the curves in Fig. 2, in this way: 
As long as the machines run at exactly the 
same speed, and the curves of the two ma- 
chines have the relation they have in 
the lamps will remain dark. As 
soon, however, as one of the machines, 
say No. 2, begins to lag behind the other, 
its voltage will reach the maximum at a 
later instant than that of machine No. 
i, and there will be a tendency for cur- 
rent to flow from one machine to the 
other through the lamps. The more ma- 
hine No. 2 lags behind No. 1, the greater 
will be this tendency, so that when ma- 
chine No. 2 has lagged one-half cycle be- 


Fig. 2, 
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chine No. 1, making a tracing of them, 
and then moving this tracing along, keep- 
ing the axis of the curves on the tracing 
cloth directly over the axis beneath. The 
vertical distances between the A curve of 
the original and that of the tracing at any 
point will be a measure of the voltage 
tending to cause current to flow through 
the lamps. Move the tracing along one- 
half a cycle, or a distance equal to that 
between 0 and y#,. 
tance 


The maximum dis- 
the curves will then be 
twice the maximum hight of one curve, 
and since one machine gives 400 volts, the 


between 


two machines connected as per Fig. 1 
will give 800 volts, which will bring the 
eight too-volt lamps to full brightness. 

With the connections of Fig. 1, what 
was said about phase 4 will also apply 
to phase B in each case. Consequently, 
the lamps on both phases will glow and 
grow dark together. This is the test that 
shows that the machines are properly 
phased out. 

Suppose that we have a case like that 
shown in Fig 3, where by accident the 
phases are “crossed;” that is, phase B of 


machine No. I is connected to phase A 
of machine No. 2, and phase 4A of machine 
No. 1 is connected to phase B of machine 


No. 2. 


In this case when the machines 
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How To Get A CLEAR IDEA OF THE 
ACTION 
A clearer idea of the exact action tak- 
ing place may be obtained by placing a 
strip of transparent celluloid on very thin 
tracing cloth over the curves, say of ma- 
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are running at normal voltage, the sets 
of lamps on the two phases will alter- 
nate in lighting up, the lamps on phase A 
being bright while those on phase B are 
dark, and vice versa. 

By 


examining Fig. 4, the reader can 
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see just why this is. Fig. 4 represents the 
curves ‘generated by the machines when 
the lamps on phase B of machine No. 1 
(see Fig. 3) are dark. This is seen to be 
true since phase B of machine No. 1 is 
connected to phase A of machine No. 2, 
and curve B of machine No. 1 and curve 


Machine No. 1 
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tions, all that is required is to reverse the 
leads on either phase of one of the ma- 
chines. It will then be found that the 
lamps will light up together, and the 
switches on both phases can be closed 
with safety. 

A third case may occur from crossing 
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A of machine No. 2 both reach their 


positive maximum values at the same in- 
stant, so that there will be no tendency 
for the current to flow through the lamps. 

The switches on phase B of machine 
No. 1 could be closed under these condi- 
tions without injury to the apparatus, but 
this is not true of the switches on phase 
A of this machine. Again referring to 
Fig. 4 and remembering that the phases 
of each machine are one-quarter of a 
cycle apart, it is evident that phase A of 
machine No. 1 will reach its maximum 
one-quarter of a cycle ahead of phase B 
of machine No. 1, and that phase B of 
machine No. 2 will reach its maximum 
one-quarter cycle behind phase A of ma- 
chine No. 2. In other words, phase 4 of 
machine No. 1 is one-half cycle ahead 
of phase B of machine No. 2. These 
phases being connected by means of the 
lamps, these lamps will be bright while 
the other lamps are dark, and the result 
of throwing the machines together at this 
time and with this connection would be 
to cause a heavy current to pass between 
these last-named phases and might cause 
great damage. 


How to Correct A Wrona CoNNECTION 
of 


Having discovered by means the 


lamps that there is a wrong connection, 
the next thing is to decide how to cor- 
rect it. 

If it is desired simply to put the ma- 
chines into operating condition without 
regard to the appearance of the connec- 
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The corresponding generator curves are 
drawn in Fig. 6. These curves show that 
when the B phases are in step, that is, 
they come to a positive maximum at the 
same instant, the A phases are in direct 
opposition, the A phase in machine No. 1 
being at positive maximum and the 4. 
phase of machine No. 2 being at nega- 
tive maximum simultaneously. The re- 
sults of throwing the machines together 
with this connection will be just as dis- 
astrous as in the previous case. The cor- 
rect thing to do, of course, is to reverse 
the leads of phase A, machine No. 1, 
although as far as operation is concerned 
the leads of phase B, machine No. 1, 
could be reversed instead, as may be 
proved from the curves in Fig. 6. 

Where the operating voltage is below 
400 or 500 volts, the method described 
of putting sets of lamps around the open 
switches will be found the simplest and 
most satisfactory. 

Where the operating voltage is above 
500 volts the direct method requires so 
many lamps that it becomes inconvenient 
and in such cases small transformers are 
used to “step down” the generator volt- 
age to suit the lamps. The results with 
transformers are the same as with the 
direct method, but especial care must be 
exercised to make sure the connections 
are correct, because there are errors pos- 


Curves from 
Machine No. 1 


-~ 
~ 
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Machine No. 2 
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the leads of one phase, as represented in 
Fig. 5, where the B phases are correctly 
connected, but the leads of phase A, ma- 
chine No. 1, are “crossed” or reversed. 
In this case, just as in the previous case, 


the lamps will alternate in brightness. 


in using transformers that are im- 
possible with the direct method. 


sible 


THREE-PHASE MACHINES 


In phasing out three-phase machines 
all that one needs to do is to put three 
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sets of lamps around the ihree open 
switches, or poles, of a three-pole switch, 
assuming, of course, that the direct 
method can be used. If the machine is 
properly phased out, all three sets of 
lamps will become bright at the same 
time. If not properly phased, the lamps 
will become bright at different moments, 
cne set following another at regular in- 
tervals; in this case, if any two leads are 
reversed the machine will be properly 
phased. 





Leather Belts for the Transmission 
of Power * 





By HarrINGTON EMERSON 





Leather is tough, elastic, strong, flex- 
ible and durable. Nothimg has _ super- 
seded it for the soles of shoes, nothing 
has superseded it for the uppers where 
real, not fancy, service is wanted. Rub- 
ber, although soft and tough, cannot 
compete. A good leather sole will out- 
last two sets of the best rubber heels, a 
good leather sole will outlast the hob 
nails with which it is studded. Canvas 
is not even thought of for soles. For 
durability in the rough service of a man’s 
shoe, subjected to sopping wetness, to 
burning dryness, to cutting sharpness 
and to abrading grit, leather has held 
undisputed superiority over any other 
substance. 

It is because of these inherent quali- 
‘tes that leather belting has been used 
for the transmission of power, and just 
as leather soles are more lasting than 
soles of either canvas or rubber or raw- 
hide, so good leather belts are better 
than transmission belts of canvas or rub- 
ber or of rawhide. 

Belts often have to run in damp or wet 
places. Before waterproofed leather belt- 
ing was developed, leather belts deterio- 
rated very rapidly under these condi- 
tions. Rubber belts by their very name 
gave promise of lasting longer, and they 
did last longer, but not as long as water* 
proofed leather belts last today. 

The chief exeuse for other substitutes 
for leather is that they are cheaper. If 
a leather belt which ought to last for 
twenty years is subjected to such wear 
and tear as to give out in a few weeks, 
it would be better to use a cheaper sub- 
stitute, but in such a case it is preferable 
to improve conditions so that leather 
again becomes the cheaper. Hide, from 
which leather is made, even before tan- 
ning, is one of the toughest substances 
in nature. The object of tanning is not 
to change the originally good qualities 
but to make them better. Both rubber 
and cotton are treated to give them quali- 
ties which they do not possess in their 





*Abstract of paper presented to the 
Leather Belting Weeeinelocers Association, 
February 1, 1909. 
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natural states. lt is easy to test leather 
belting, for stretch and permanent set 
under load, for breaking strain, and abil- 
ity to stand sharp bending. A _ knowl- 
edge of these will enable a belt repairer 
soon to become fairly expert as to qual- 
ity. Similar tests cannot be applied to 
either cotton or rubber. 

Leather ‘belting is made from _ steer 
hides. Rubber comes from wholly differ- 
ent sources and its quality varies greatly; 
some contains as little as I per cent., 
other samples as much as 20 per cent. 
resin. The best grades of rubber come 
from Para, but there is no practical way 
of telling whether a sample of rubber 
is Para or not. Rubber is useless in its 
native state as it absorbs water and oxi- 
dizes. When mixed with sulphur at a tem- 
perature above 250 degrees Fahrenheit 
and below 300 degrees Fahrenheit a com- 
bination takes place which preserves the 
rubber and also increases its strength. 
After it has been vulcanized, as _ this 
process is called, 60 per cent. to 70 per 
cent. adulterant can be added. If natural 
rubber is overworked, if it is not properly 
vulcanized (each kind of rubber requir- 
ing different treatment), if it is adulter- 
ated ‘with mineral oils, or if it is ex- 
posed to light, it deteriorates rapidly. 
Everyone knows that even the best Para 
rubber bands rot in a few years. 

Recently, conveyer belting made of dif- 
ferent materials was submitted to a sand- 
blast test for 45 minutes and the loss 
of weight compared. 

Considering best rubber belting as the 
unit: 

ee 

Balata 


Nene ee Ae ee 5 
Woven cotton, Ist quality.......... 5 
Stitched cotton. re Lite ae 
Woven cotton, endinane usin. .12 


The cotton belting wore out 5 to 12 
times as rapidly as rubber belting, which 
in turn ,deteriorates much faster than 
leather belting. 

Grease or oil will soon ruin any rubber 
belt, but a good oil softens a leather belt. 
Cotton belts are usually filled with oil, 
paraffin or other substances, the outside 
being coated with a waterproof pigment. 
When new they are fairly flexible, but 
soon become so stiff as not to run true 
or straight. They are sensitive to atmo- 
spheric changes and require constant ad- 
justment of the takeup to keep them at 
proper driving tension. The main claim 
for cotton belts is low first cost, but they 
should not be used for permanent in- 
stallation. 

Rubber belts are waterproof only 
when the cover is intact. If water reaches 
the duck through cuts or punctures in 
the cover, the duck absorbs water, caus- 
ing the rubber to lose its hold, forming 
a blister which grows every time it 
passes over the pulley. The splicing of 
either rubber or cotton belts is always 
difficult. 

Canvas is not as durable, is much less 
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elastic, much harder to splice than 
leather belting. It is cheaner per foot, 
and if belting is to be neglected so that 
it is in any case ruined in a few weeks 
or months, canvas belting would not cost 
as much, but if leather belting is prop- 
erly cared for and maintained it will 
cost in the long run far less than canvas 
belting, which is peculiarly hard on shaft- 
ing and bearings, 
of tension due 
Rubber, if good, is 
pensive and deteriorates 
not used. 


owing to the variations 
to change of weather. 
much more ex- 
rapidly even if 
There are modern’ waterproof- 
ing treatments which render leather belts 
capable of running continuously under 
water, so that even for installations of 
this kind leather belting can now be used. 
The most highly efficient, reliable and 
cheapest power installations and trans- 
missions with which the 


writer is ac- 
quainted are natural-gas engines with 
a leather-belt drive to main shafts, to 
countershafts and to machines. If in 


special cases there are serious practical 
operating objections to leather belting, 
other forms of transmission will have to 
be considered. 

Because it 
class skill to 


did not require any high- 
‘nstail belting so that it 
would work somehow, most belting in- 
Stallations ave been badly planned and 
badly instalied. The makers of the earli- 
est types of machine tools were also 
partly responsible for this. Not only was 
it cneaper to build a machine tool with 
‘ght and narrow pulleys, but this feature 
was alco a good talking point, as the 
very lishtness of the pulleys and cones 
seemed to indicate that the machine tool 
wot | require very little power. If wide 
pu’ sys were made pavt of the machine, 
conipetitors at once claimed that this was 
because the machine was a power eater, 
and the argument had its effect. The 
consequence was that the pulleys were 
undersized and the belts were overloaded. 

The sellers of highly accurate, care- 
fully designed and carefully instalked 
chain, rope and individual motor drives 
have not allowed the opportunity to es- 
cape to compare these modern transmis- 
sions with very inferior and out-of-date 
belting equipment. Because electric trol- 
leys have replaced horse traction, because 
elevators moved by wire 
taken the place of. stairs, 
modern automobile 


have 
the 


ropes 

because 
uses a chain drive, 
because high-speed steel has _ replaced 
carbon steel, conclusions have been fos- 
tered that all modern installations must 
be superior in the same degree to older 
methods. It is, however, not to be over- 
looked that recent years have brought 
about very great improvements in mat- 
ters that were very old. Wheeled vehi- 
cles are very, very old, but both the bi- 
cyele and the automobile are wheeled ve- 
hicles. It is overlooked that the plant- 
efficiency engineer, F. W. Taylor, who 
discovered high-speed steels, thus revo- 
lutienizing all modern shop methods and 
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practices, also, after nine years of ob- 
servation and study, laid down rules for 
proper installation, operation and main- 
tenance of belting. (‘Notes on Belting.” 
F. W. Taylor, part of Vol. 15 of the 
Transactions of the A. S. M. E. 

If any industrial plant does not recog- 
nize the importance of ‘1igh-grade instal- 
lations of all kinds, a constant care over 
them and best maint<nance, if it is to be 
a slipshod, happy-go-lucky plant (many 
plants are of this character), then it is 
better to install belting and stick to it, as 
it will stand more ignorance, abuse and 
neglect than any other installation. 

One of the fundamental peculiarities 
of leather belting is elasticity. If belt- 
ing were not elastic, could not stretch, it 
would tose most of ifs value as a trans- 
mitter of power. It fills the same purpose 
between shaft and tool that a pneumatic 
tire does between road and automobile 
er bicycle. It absorbs shock that other- 
wise would cause smashing and breaking, 
but it does more than this. If the strain 
becomes too great, the belt either slips 
or in the worst case breaks. In either 
case repairs are promptly made with 
minimum expense. 

The inclination to change length un- 
der load or when the weather changes is 
the cause of all the legitimate wear on 
belts; it is the main difficulty in the way 
of correct operation and maintenance. A 
great majority of belt installations do not 
admit of adjustable pulleys, adjustable 
shafts, nor tightener pulleys by which 
the belt tension can be regulated. In the 
shops of the Santa Fe Railroad a method 
has been evolved which permits tighten- 
ing belts, which could not be made end- 
less, with very little trouble and delay. 
When first put on the belt was cut 6 
inches short, and a 6-inch piece was used 
to fill the gap. This insert was connected 
at both ends to the belt by rawhide lacing 
or spiral wire hinge. At the end of a few 
hours the 6-inch piece was taken out, re- 
turned to the belt room and a 5-inch piece 
inserted. This change required a very 
short time. At the end of a day a 4- 
inch piece replaced the 5-inch piece, and as 
the belt gradually lengthened, shorter and 
shorter insert pieces were put in, thus at 
all times adjusting the tension to climatic 
and service conditions. 

The whole of correct belting operation 
can be summed up in a very few princi- 
ples. There should be allowed 1080 feet 
per minute of double belt, 1 inch wide, 
per horsepower. The lowest initial ten- 
sion should be used under which the belt 
will pull without slip.* 





*This rule is not applicable to heavy main- 
drive belts. ‘Kent's Pocket Book,” page 882, 
gives the reason for this rule. The question 
is not how narrow a belt can be to transmit 
a given horsépower. but how wide it must be 
to transmit the given horsepower with the 
minimum cost in time and worry and power 
for reliable operation. A single belt 1 inch 
wide running 550 feet per minute may trans- 
mit a horsepower without immediately break- 
ing, but it will not do it as reliably nor eco- 
nomically as a double belt running 1000 feet 
per minute. 
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A tension of 35 pounds per inch of 
double belt exclusive of load is sufficient. 

The result will be that the creep of the 
belt should be a minimum and extend 
through a very small angle on the face 
of the pulley. 

A belt runs to the driving pulley under 
tension and it runs off the driving pulley 
slack or under less tension. “When under 
tension the belt stretches. When the 
tension is lessened it shortens. This 
shortening must take place on the face of 
the driving pulley. The stretch must 
take place on the face of the driven pul- 
ley. As a consequence the belt creeps 
against the direction of its running on 
the driving pulley and creeps in the di- 
rection of the running on the driven pul- 
ley. 

If the load is heavy, the stretch is great 
and the creep is great. If the load is 
light the creep is small. If the hug of 
the belt to the pulley is close, the creep, 
whether great or little, is through a small 
angle. If the hug of belt to pulley is 
poor, the creep whether great or little is 
through a large angle. 

To insure, therefore, a minimum creep 
through a small angle the load should be 
light and the hug close. 

Oak-tanned and fulled belts last longer, 
cause fewer interruptions to manu- 
facture, stretch more evenly, cost less 
per year of service, require tightening less 
often and give less trouble when first 
started than others. 

The belt itself must unroll straight, and 
be of even quality and thickness through- 
out. 

The less the normal load the more 
elastic the belt can be. 

The number of lineal feet of double 
belt, 1 inch wide, passing around a pul- 
ley per minute, to transmit 1 horse- 
power is about 450 feet. 

The belt speed for maximum economy 
is between 4000 to 4500 feet per min- 


ute, but for main-drive belts it can be 


considerably higher. 

Leather belts are more durable and 
work more satisfactorily wiien made nar- 
row and thick rather than wide and thin. 
The best plan is to use single leather belts 
on pulleys less than 12 inches in diameter, 
double belts on pulleys less than 20 inches 
in diameter and triple belts on pulleys 
less than 30 inches in diameter. 

The ends of belts should be either 
spliced or cemented or be joined by re- 
movable insert pieces, which may be 
either laced with rawhide or united by 
spiral wire hinge with removable raw- 
hide pin. 

Belts which will not run by the hug 
of their own sag, as long driving belts, 
should be put on or retightened under a 
stretch of ™% to 1 inch per 10 feet 
of belt. 

Belts 
pliable. 

Belts 


should be kept clean, soft and 


should be continually inspected 
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so as to repair weaknesses and prevent 
breakdowns. 

Pulleys should be 25 per cent. wider 
than the belts running on them. 

They should be very smooth, very 
slightly crowned, if at all, it being es- 
sential that the crowning be absolutely 
central; the pulleys must be perfectly 
round, run true and be in perfect aline- 
ment. 

Belts of any width can be successfully 
shifted backward and forward on tight 
and loose pulleys. Belts running 6000 
feet a minute and driving 300 horsepower, 
are daily shifted on tight and loose pul- 
leys to throw lines of shafting in and 
out of use. 

Shifting pulleys are preferable to cut- 
off couplings or friction clutch pulleys 
for throwing heavy lines of shafting in 
and out of use. 

Old-time belt installations and many 
present ones suffer from two main faults 
—lack of convenient means of shorten- 
ing or lengthening the belt, and too high 
a working load. As a consequence belts 
stretched rapidly were subjected to ex- 
cessive creep, wore out rapidly and broke 
often. 

To provide some means of taking up 
the recurring slack, all the poor methods 
of belt fastening came into use, the 
English overlap, brass studs, riveted 
hinges, claws, unnecessarily large holes 
for rawhide lacing. To prevent the ex- 
cessive creep and slip, all sorts of belt 
dopes came into use, from powdered 
resin up, and the maintenance and care 
of the belts were generally intrusted to 
the mechanic in charge of the machine. 

A perfectly clean, soft hand will not 
slip easily even on smooth glass or pol- 
ished wood. Leather was once skin, and 
soft clean leather will not slip easily on 
a smooth, bright pulley surface. 

A belt ought to slip if the strain is too 
great. Keep the load down by making 
the’ belt large enough, let the hug be 
close, and there will be very little creep, 
or slip or wear. 

In most mill and machine-shop installa- 
tions, leather belting will prove least ex- 
pensive to install, least expensive to oper- 
ate and least expensive to maintain. 

For distant transmissions, half a mile 
and upward, where it is impossible to 
subdivide the prime mover, as from a 
waterfall, electric transmission is the 
cheapest, although, per horsepower to be 
transmitted, first cost is very high. 

For medium distance, where the power 
can be subdivided or closely located as 
from one mill to another, or from a 
water power several hundred feet away 
to a mill, the choice will lie between rope, 
either wire or fiber and shaft drive. 

For immediate transmission, whether 
from steam engines, gas or oil engine, or 
electric motor to mill and shop machine- 
ery, the combination of shafting and 
leather belts is the best. 
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Reclaiming Coal from the Culm Pile 


Description of the Operation of Washeries in the Anthracite Region, 
by Means of Which Immense Quantities of Fuel Are Recovered 





BY 


As early as ten years ago the question 
was asked: “Cannot some use be made 
of the large banks of culm and waste 
found at all the collieries through the 
anthracite regions of Pennsylvania?” Up 
to this time the question had been actively 
discussed by anthracite men and some- 
thing had been done toward reclaiming 


WARREN 


O. 


Cutm PiLes AND WASHERIES 


There are two different types of culm 
pile. The original culm pile consists of 
slate, bone and waste coal which was 
thrown away during the period when there 
was no demand for the smaller sizes of 
coal for steam purposes. As the accumula- 


ROGERS 


present practically every anthracite mine 
is reclaiming its culm piles at a cost which 
nets a very good return for the'time and 
money invested. 

The second type of culm pile which is 
being made today consists of very fine 
particles of dust and dirt suitable only 
for the manufacture of briquets or for 








FIG. I. 


the smaller sizes of coal that had been 
thrown away years before. At several 
places coal-washing and screening plants 
had been established to wash out the small 
coal, consisting largely of chestnut, pea, 
buckwheat and rice, to be used for steam 
purposes. This industry has grown until 
the original huge culm banks are fast 
disappearing and in a few years will be 
worked out. 


A ONE-HUNDRED-MILLION-TON 


tion had been going on for about twenty 
years, it is not surprising that the culm 
piles reached enormous proportions and 
that thousands and thousands of tons of 
good, rharketable coal was mixed in with 
the refiise and only awaited the ingenuity 
of man to place it in a marketable con- 
dition. The first separator or washery 
for this purpose was erected about 1890, 
and the work has so progressed that at 


CULM BANK 


pulverizing, to be burnt in suitable fur- 
naces for this kind of fuel. 

It is claimed by those who know that 
during the early operation of coal mining 
less than 30 per cent. of the coal mined 
was marketed, this inefficiency being large- 
ly due to the crude methods used in 
mining and preparing the coal for ship- 
ment. In those days a different idea was 


held as to the coal areas than is held 
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FIG. 3. CONVEYERS AT THE TOP OF THE WASHERY 











FIG. 2. CULM ELEVATOR TO WASHERY 


today, some thinking that the mountains 
in the coal-bearing district were one huge 
mass of coal. With a supposedly unlimited 
amount of coal in sight, it is not strange 
that considerable careless waste took 
place, and those who have traveled 
through the anthracite region have had 
their attention attracted to huge culm 
piles, in the vicinity of the mine shafts, 
which are directly traceable to the early 
wasteful methods of mining. 

The smallest coal marketable prior to 
i866 was the nut size which would pass 
through a 13-inch mesh and over a 
screen with meshes 1 inch square. A year 
later pea coal was first prepared for the 
market and, it is said) was a means of 
Saving I5 per cent. of the total amount 


of coal mined. Buckwheat coal was in- 
troduced in 1877 for steaming purposes, 





FIG, 


June 15, 1900. 
and rice, barley and culm were first 
shipped to market during that year. 

One reason why the character of the 
culm pile is different today than formerly 
is because the small sizes of coal, which 
then went to the culm bank, are now sent 
to market; the percentages running about 
IO per cent. for chestnut, 20 per cent. 
for pea, 30 per cent. for buckwheat, 25 
per cent. for rice and 15 per cent. for 
barley. It is estimated that during the 
past eighteen or twenty years more than 
4,000,000 tons of coal for use under boilers 
has been saved from culm piles, and it is 
estimated that there still remains in the 
culm piles 286,000,000 tons of small- 
sized coal. 

A washery capable of treating 500 tons 
of coal per day will cost about $30,000, 
depending largely, of course, upon the 
kind of machinery installed. In many in- 
stances old collieries have used old 
breakers by transforming them into wash- 
eries, in which case the cost of re- 
modeling them amounted to an insignifi- 
cant sum. 


4. THE TWO-DECK SHAKING SCREEN 
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FIG. 5. ELEVATION OF NO. 2 WASHERY 


In washing the coal from the dirt, 
slate and bone of the culm pile the whole 
is usually elevated to the highest part of 
the building by a bucket elevator and dis- 
charged into a hopper placed over two 
screens, through which the material is 
separated into various sizes. The upper 
screen usually has 11-inch openings for a 
part of its length and then the spaces 
become larger, while the lower screen 
contains 7%-inch holes. In some of the 
older and larger washeries the material 
in passing over the first screen is dropped 
into a chute, where the usual method of 
hand picking of slate, by boys, is still ob- 
served. The largest sizes of coal, such 
as egg, stove and nut, are separated by 
means of screens. The chief machinery 
found in such a structure consists of 
screens, a picker roll, a crusher and the 
separators. Jn separating the culm from 
the coal, water is used in large quantities, 
it being estimated that approximately 500 
gallons of water is required per ton of 
washed coal. After washing the silt from 
the coal, the water is usually conveyed 
through an iron pipe into abandoned mine 
workings, where it fills up the worked-out 
chambers. 

Several methods-are used in conveying 
culm to the washeries. In most instances 
the culm is flushed into a series of con- 
veyers by water, the conveyers being from 
100 to 500 feet long and placed in series, 
where more than two are used, one form- 
ing a permanent line to the washer and 


1055 


the other designed to allow for swinging 
or extending as the supply of culm in 
the pile recedes. A set of conveyers is 
usually operated by a separate engine. The 
general arrangement of a conveyer in- 
cludes a wooden framework on which the 
conveyer runs, the conveyer consisting of 
an endless chain on which are suspended 
travelers which convey the culm from one 
end of the trough to the other, where it 
is delivered to the next conveyer, and so 
on, until it reaches the washery. The 
conveyers are fed with culm by means 
of water which flushes the material from 
the pile into the temporary trough. The 
water is supplied through a hose and 
nozzle and two men are sufficient to keep 
in continuous operation one of the con- 
veyer systems, it estimated that 
about 375 gallons of water per ton is nec- 
essary to do this work. 


being 


Tue KINGSTON WASHERY 


It was the writer’s privilege recently 
to visit the No. 2 washery of the Kingston 
Coal Company’s mine, at Kingston, Penn., 
and following is a description of the 
method employed in washing the coal 
from the culm bank at this washery: 

Fig. I is a sectional view of a tre- 
mendous culm pile in which it is estimated 
there are about one hundred million tons 
of material. It° will be seen that there 
are two men engaged in washing the culm 
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FIG. 6. PLAN VIEW OF NO. 2 WASHERY 
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FIG. 7. ACTUAL SIZE OF SCREENS 
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down’ into the conveyer, one man reach- 
ing the highest portion of the pile, while 
the other directs the stream lower down, 
in order to maintain a constant supply 
to the conveyer system. The conveyers 
are kept as close to the foot of the bank 
as safety of the men will allow, as the 
bank frequently changes and slides out 
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whence- it goes to the main elevator with 
the material which passes through the 
first set of shakers. The elevators each 
discharge on a bank of six decks of 6x15- 
foot shaking screens which size the coal 
into stove or 1%-inch square mesh, chest- 
nut or 34-inch square mesh, pea or %-inch 
square mesh, buckwheat or %-inch round 








FIG. 8. CRUSHING ROLLS 


some distance at the bottom. Although 
there have been a number of men killed 
at different times and places, none has 
been injured at the Kingston company’s 
works by being caught under the caving 
culm bank. It requires good judgment 
and care to keep the conveyers close 
enough to handle the culm economically 
and at the same time make it safe for the 
men who are handling the hose. 

In this installation the conveyers carry 
the culm about half way to the top of 
the washery, as shown in Fig. 2, where 
it is discharged on a set of two-deck 


shaking screens, the top deck being 
jacketed with a 234-inch square-mesh 
perforation. This carries over all pieces 


The bottom 
deck is jacketed with a 2-inch square 
mesh, which carries over the egg-coal size 
and drops through everything smaller, 
which goes to the main elevator, which 
in turn carries it to the top of the build- 
ing by means of an elevator, Fig. 3, for 
further separation. The material which 
passes over the top deck is “grate” size, 
and larger, and is carried to a mechanical 
separator which takes out what coai there 
is in it, usually about 5 per cent. The 
balance, which is slate, goes to a Jeffries 
swing-hammer crusher which pulverizés 
it, when it is carried away with the other 
refuse and silt to a bore hole and flushed 
into the old workings in the mine. The 
egg size is treated in the same manner. 
Fig. 4 shows a portion of the two-deck 
shaking screen, also the water used in 
washing the coal. 

All of the large-sized coal taken out 
goes to No. 3 crushing rolls, Fig. 5, 
which grind it to stove size and smaller, 


larger than egg-coal size. 


mesh, rice or %-inch round mesh and 
barley or 3/32-inch round mesh. A study 
of the plan and elevation of this washery, 


Figs. 5 and 6, will show clearly the paths 





SHAKING SCREEN 


FIG. 9. 


of the culm and coal to their respective 
destinations, the path of the coal being 
shown by the direction of the arrows and 
that of the culm by the broken line. Fig. 
7 shows the exact size of the screens used. 

Stove and chestnut coal are handled in 
the same manner as the “grate” and egg, 
with the exception that: the stove coal 
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goes to a pair of crusher rolls similar 
to those shown in Fig. 8, which grind 
it to chestnut sizes, when it, with the 
chestnut from the separators, goes into 
another pair of rolls, No. 5, which grind 
it to pea and smaller sizes. The coal 
then goes to the elevator and is again 
taken to the top to be properly sized 
through the shaker shown in Fig. 9. All 
pea and buckwheat are put over mechanical 
separators which take out the slate and 
then go to the pocket ready to be loaded 
into railroad cars. 


THe MECHANICAL PICKER 
SEPARATOR 


AND THE 


In passing, it may be well to state that 
the mechanical pickers are fast disnlac- 
ing the breaker boys in the ordinary 
breaker and many of the culm washeries. 
Although the breaker boy is a healthy- 
looking individual, as is apparent in Fig. 10, 
the indications are that he will soon be 
unnecessary for the economical operation 
of coal-mine breakers. The principal fea- 
tures of the mechanical picker are that 
no power is required to operate the ma- 
chine; it requires but a small area of 
space, is lightweight and can be used 
on washed or dry material, giving three 
separate separations; that is, coal, bone 
and slate, or only two, coal and slate, as 


desired. It is also economical in first 
cost and in repair. The Farrel separator 
used by the Kingston Coal Company 








FOR SMALLER-SIZED COAL 


takes out the worst of the slate and 
rock of the larger sizes, and saves the 
good coal and bone to be ground into 
smaller sizes. On nut, pea and buckwheat 
coal the spiral separates the slate from 
the coal so as to make the coal clean 
enough for market. 


In operation it is simple. The slate, 
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weighing more than the coal, has a greater 
friction, and therefore moves at a lesser 
speed than the coal. For this reason 
the coal works down through the sep- 
arator at a higher velocity than the slate 
and, gaining sufficient momentum, flies 
off the outside edge of the runway, while 
the slate falls on the inside. The pea 
and buckwheat sizes are put over a me- 
chanical separator which takes out the 











FIG. 10. BREAKER BOY 


slate in the same manner, and the coal 
then goes to the pocket ready to be loaded 
into railroad cars. The rice and barley 
coal goes direct from the shaker to the 
pocket, no preparation other than sizing 
being required. As the culm coal is 
thoroughly saturated with water during 
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to be prepared over again. It must con- 
tain only a certain percentage of slate 
and bone; and it is also condemned if 
over or under size, or if not thoroughly 
washed. 

Nothing of the culm pile is wasted and 
besides the benefit derived in reclaiming 
the coal by the washing industry, the 
surfaces are cleared of the unsightly culm 
piles and made available for other uses; 
and the flushing of the pulverized rock 
and silt into the old workings sustain 


their roofs, and also make it possible to 


remove more of the solid coal than could 
otherwise be done. 





Throttles 


By F. WEBSTER 


Wiley, the chief, went up into the 
switchboard gallery to do some stunts, 
and left Burns, the second engineer, at the 
throttle. It was not uncommon for them 
to have some entertainment when throw- 
ing in a 25-cycle three-phase unit to 
parallel the one that was getting over- 
loaded. But the fun they had always 
experienced with the old engines was not 
a circumstance as compared with the 
“didoes” of the new cross-compound en- 
gine recently installed at the end of the 
power line farthest from the boiler room. 
Aside from the trouble of getting it right 
on the dot for synchronizing, it was often 
a case of either plunging or bucking 
after the start in parallel was made. 

The engine acted very independent 
when it came to regulation, and neither 
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the team at a steady gait. Sometimes the 
engine would plunge ahead and carry the 
whole station load, and then just as sud- 
denly, maybe, take a notion to lie down 
and get pushed along as the generator 
motored. 

In the meantime, before changes in the 
design of the eccentric straps and gov- 
ernor springs could be worked out and the 
new partis fitted, the big engine had to be 
operated a few hours each day; and our 
story opens on an occasion when all was 
in readiness for the testing out of the 
chief’s new idea in engine regulation in 
connection with the synchronizing of 
three-phase 25-cycle generators. 

Everything was running normally when 
some combination was made at _ the 
switchboard that caused the new engine 
to groan for a moment, and then it made 
a dash ahead at a record-breaking pace. 
No matter about the electrical connec- 
tions that formed the combination for 
the shake-up, as the diagram will not be 
used again. There was a _ hair-raising 
clatter in the governor pulley as the parts 
concentric, eccentric and hyperbolic be- 
gan to hit the stops, both a-coming and 
a-going. Burns let,go of the throttle 
wheel and dropped into the condenser pit 
without touching the ladder. You see, 
the throttle wheel was located right in 
line with all the reciprocating and re- 
volving combinations. 

“Get back to your post!” yelled the 
chief. 

“Stop chucking the engine, or else put 
the throttle where I won’t get killed,” 
piped Burns, as he stood on the ladder 
and peered over the edge of the floor. 
































1 a | 








“WHEN THE ENGINEER ‘HIKES’ FOR THE TALL TIMBER” 


this process of separation while passing 
through the shakers, it comes out at the 
end ready for shipment in a thoroughly 
clean condition. 

The washery foreman’s troubles are not 
always ended when the coal is loaded in 
cars, because each car is subjected to a 
rigid inspection and, if not prepared to a 
fixed standard, must be dumped into 
elevators and taken back to the washery 


coaxing nor argument had any effect in 
getting it to work in harmony with the 
other engines. Some of the station 
habitués said that the wild wail of the 
new generator-field cores made the en- 
gine daft. ‘Fhose probably more capable 
of diagnosing engine diseases, however, 
believed that the eccentric straps and other 
reciprocating parts were so massive that 
the shaft governor was unable to drive 


“All right, I'll stop,” came from the 
switchboard; and as the engine seemed 
pacified, Burns went back to the throttle, 
but as cautiously as a rat making its first 
trip into the pantry. 


Wiley came down from the gallery 
humming a Mother Goose melody with 
power-station variations. 

“Oh, where should the throttle be, 

The throttle be, the throttle be, 
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Oh, where should the throttle be-er 

To save the life of the engin-e-er?” 

Most any operating engineer can tell 
you of one or more of his experiences in 
the engine room—cases where he has been 
scared limp, and when he wished the 
throttle was located in a bomb-proof 
subway or over in some other voting 
precinct; anything in the world but to 
be compelled to stand up before belts or 
rope drives and that clacking aggregation 
on the engine shaft. 

Illustrations have appeared frequently 
in Power showing engine-room smashups 
in which flywheels and engineers were 
conspicuous by their absence. 


SAFER IN THE BOILER ROOM THAN IN THE 
ENGINE Room 


To most people, the statement may seem 
paradoxical that it is safer in the boiler 
room than in the engine room. Yet it is 
a fact that there is a greater loss ratio 
in the insurance of flywheels than there 
is on steam-boiler insurance. The ap- 
plicant works out the boiler-seam prob- 
lems with a flourish and gets a license to 
operate an engine. But how about the 
problem of the flywheel on his engine— 
its factor of safety against bursting or to 
prevent the arms from being ripped off 
the rim by a short-circuit? 

This does not mean to imply that en- 
gineers are ignorant of flywheel theory, 
for they are not. For example, one en- 
terprising engineer applied himself to the 


perfection of an engine safety stop that 


would be operated by the bulging effect 
of the flywheel rim between the arms 
when operating at a high speed. Surely 
this man knew what would happen, but 
he did not figure on furnishing a range 
finder and a field glass for observing the 
effectiveness of his invention. 

The ancestors of steam-engine design- 
ers and of operating engineers came out 
of the same woods, yet the layout of 
some installations indicates a gap of sev- 
eral missing links between the two oc- 
cupations. The designer becomes so ab- 
sorbed in the weighty problems of first 
cost and of economy in operation that 
he fails to notice the spectacular gym- 
nastics of the engineer as he loops the 
loop on the flywheel to start the engine, 
or when he “hikes” for the tall timber or 
the cave lands to escape a shower of 
power-house débris. It would be a joke 
were not the ending like that of a circus 
acrobat who dares perform without a net 
—six weeks in the hospital and two 
months on crutches. 

A comparison of different makes of en- 
gine in the same service shows the throttle 
wheels located at all the cardinal points 
of the compass, with an_ occasional 
no’easter or so’wester to spare. The lo- 
cation selected is often treated as a trivial 
matter worthy of only a few moments con- 
sideration, but for the engineer it is a 
lifetime. 

There branches of 


are steam-en- 
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gineering service other than the power 
station where the convenience and safety 
of the operating engineer is not always 
considered, notwithstanding the fact that 
human life is more valuable than any 
kind of a power station. Recently a large 
order of switching locomotives was com- 
pleted by a prominent builder. An ex- 
amination of these locomotives showed 
that the engineer could neither stand nor 
sit except in positions of discomfort or 
danger, and more fatigue would be caused 
by his trying to get next to the work than 
in actually performing the running opera- 
tions. If the history of these engines 
could be correctly written, no doubt it 
would be found that others besides the en- 
gineers were made to suffer on account of 
the poor work of the designer. 





Cooling Gas Engine Jacket Water 





By Joun S. LEEsE 





As one of the chief reasons for install- 
ing gas engines instead of steam engines 
is often poor water supply at the desired 
locality, the repeated use of the circu- 
lating water is quite a live question. This 
applies especially to engines of small 
power, say up to 80 or* 100 horsepower, 
since these are usually installed in out-of- 
the-way places. 

The volume of the cooling water neces- 
sary for a 100-horsepower engine is con- 
siderable, and if it were simply fun 
through to the sewer the water bill would 
be a large item in the running expenses. 
The usual provision for cooling the water 
so that it can be used again consists of 
tanks connected up so that thermo-siphon 
circulation can take place. These tanks 
take up considerable space and are often 
an eyesore to the neighborhood, and again 
they are often inadequate to the 
water sufficiently. The accompanying 
sketches illustrate a method of cooling 
jacket water, which is cheaper to install 
and gives less trouble in operation than 
any other method the writer knows of. 


cool 






Shallow Longitudinal 
Channels along each 
Corrugation. 


FIG, 


tov 


In a corner of the yard, against a wall 
as near the engine room as possible (and, 
if possible, in a place where the sun never 
shines directly), put up a piece of ordi- 
nary corrugated iron, with not too shallow 
corrugations, as shown in Fig. 1. The 
slope should be determined by having it 
so that there is a longitudinal channel 
along each corrugation just sufficient to 
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hold a shallow layer of water; this idea 
is indicated in Fig. 2. The object of these 
channels is farther to cool the water as it 
flows down the sheet, by letting it flow 
into a channel full of cooler water at 
each corrugation. 

The corrugated-iron sheet must be kept 
as flat as possible to avoid the water flow- 
ing together toward a depression, thus les- 
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sening the cooling surface and reducing 
the efficiency. A good method of support- 
ing it is to spike it to three stout timbers, 
as shown at A in Fig. 1. These timbers 
should stop about 9 inches from the bot- 
tom end of the sheet, which should be 
about 9 inches from the ground or floor 
level. The sides of the sheet should be 
bent up enough to prevent the water run- 
ning off there, and the bottom corrugation 
should end with a downward curve or 
wave (Fig. 3), because if it ends with a 
level or upward part of the corrugation, 
the water will tend to creep round under 
the sheet, due to capillary action, and will 
not drop off in a square, clean sheet. 

A trough to receive the water at the 
floor or ground can be made in concrete 
or out of the old drain pipes. The trough 
should slope toward one end (this being 
more convenient to apply the outtake pipe 
than the middle) the should 
drain into a sump where the pump suc- 
tion intake is situated about 4 inches from 
the bottom. A strainer, made of brass- 
wire gauze wrapped around a perforated 


and water 
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FIG. 3 


cylinder, should be used to keep extrane- 
ous matter out of the jackets. 
pletes the cooling plant. 


This com- 


If desired, the water can also be passed 
through a small storage tank, although 


if the cooler is designed properly for the 


engine horsepower and the jacket-water 
flow properly regulated, it is sufficient. I 
find that in a strong sun a piece of canvas 
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suspended about 12 inches above the 
corrugated iron to shade it, and “doused” 
occasionally with a bucket of water, keeps 
the system in efficient condition. 

As regards the feeding of the water 
onto the cooling surface, the outlet pipe is 
brought to a tee with the arms extending 
right and left along the top of the sheet 
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Fig. 299 shows the armature partly 
wound; the core a is built of mild sheet- 
steel stampings which are japanned be- 
fore assembling to reduce the eddy-cur- 
rent losses in the core. The armature-core 
disks are assembled under heavy pressure 
and held together by bolts passing through 
both halves of the armature spider, which 
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FIG. 4 


an inch above the top. These arms are 
plugged at the ends and hoies drilled in 
them with a total are> equal to the area 
of the outlet pipe. This is shown in 
Fig. 4. 





Cateck ism: ot Electricity 





1006. Jilustrate and describe in detail 
the construction of the magnet poles. 

From Fig. 297, which shows one of 
the magnet poles before it is cast into 
the frame, it may be seen that the pole is 
built up of sheets (these are annealed 
steel) of two different widths c and e, 
assembled so as to form the size and 
shape of the pole pieces. The minute 
spaces between these laminations and the 
slight oxidization on the surface of each 
sheet tend to reduce eddy currents in the 
pole faces so as to decrease the iron loss 
and increase the efficiency of the machine. 

The poles are slotted parallel with the 
shaft, as shown at 7, to prevent as far as 
possible the distortion of the magnetic 
field at heavy loads. The shape of the 
ends at m is such that when the molten 
metal is poured into the mold for the 
voke, it grips the bases of the poles firm- 
ly and makes a good mechanical and mag- 
netic joint. 


1067. Are direct-current generators 
ever built with more than two bearings? 
Lerge direct-current generators de- 


signed for belt drive are often built with 
three beerings. Fig. 208 shows a six- 
pole generator of this class built to sup- 
ply current to a street-railway system 
It differs froma the generator shown in 
Fig. 206 in thet the bedplate, bearing 
pedestals and field-magnet yoke are separ- 
ate castings. 

1068. Illustrate and describe in detail 
the construction of the armature. 


are keyed to the shaft. Air ducts, c, ex- 
tend from the inside up through the arma- 
ture windings, and air is forced through 
them by the motion of the armature. 
The armature coils are made of wire 
or bar copper, according to the capacity 
of the machine, the latter being employed 
when large currents are to be carried. 
These are form wound as shown at s 
to make all coils of the same shape. All 
coils are wrapped with linen tape, dipped 
in insulating varnish and baked. The 
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the coils from the interior of the core. 
Wooden wedges, in notched grooves in 
the slots below the surface of the core, 
hold the coils within the length of the 
core. The commutator segments o are 
assembled on a drum mounted on an ex- 
tension of the armature hub. The seg- 
ments are securely held on the drum by 

















FIG. 297. LAMINATED POLE PIECE BEFORE 
BEING CAST-WELDED INTO THE FRAME 
OF THE FORT WAY,NE GEN- 


ERATOR, FIG. 296 


end flanges at b and r which clamp over 
the beveled ends of the segments and 
draw them together. 

Equalizer rings are placed between the 
commutator and the armature core and 
are connected to the armature winding at 

















FIG. 
slots of the armature core are also in- 
sulated as shown at e to afford addi- 
tional protection to the coils. The coils 
are held at the ends of tinned-steel band 
wires beyond the ends of the core, where 
the cylindrical ribbed flanges h and 1 
of the spider support the ends of the coils 
and secure ventilation around the ends of 


208. FORT WAYNE THREE-BEARING MULTIPOLAR GENERATOR 


equipotential points in a 


previous description. 


as explained 


1069. Are solid field-magnet poles ever 
cast into the yoke? 
Yes; Fig. 300 shows the parts of a 


four-pole shunt-wound direct-current gen- 
erator embodying this construction. The 
assembled machine is shown in Fig. 301. 
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1070. Describe the construction of the 
generator shown in Figs. 300 and 301. 

The frame is of cast iron and the poles 
are of steel-circular in cross-section, and 
cast-welded into the frame. The arma- 
ture core is built up of sheet-steel disks 
mounted directly on the shaft in the small- 
er sizes and on a cast-iron spider in the 
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longitudinal ventilating holes in both 
armature core and commutator, and 
through these, as well as between the 


commutator tails, air passes freely while 
the machine is in operation and assists in 
cooling the armature. The field-magnet 
coils are wound on circular forms, and 
are heavily insulated and protected by a 
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brush holders are attached to, but insulated 
from, a rocker arm by means of which all 
of the brushes may be shifted simultane- 
ously around the commutator. The arma- 
ture shaft is made of machinery steel, 
ground to size. It is made larger in the 
journals than in the projecting end, so 
that if worn or damaged from any cause 
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FIG. 299. PARTLY WOUND ARMATURE OF 


larger sizes. In both cases they are 
clamped together so that the pressure is 
applied near the slots. The coils are 
form-wound, taped and dipped in an in- 
sulating varnish; finally they are put in 
an oven to bake the varnish. There are 


THE FORT WAYNE GENERATOR SHOWN IN FIG. 208 


tough, moisture-proof covering. They are 
held in place by pole-shoes fastened to 
the ends of the magnet poles. 

The brushes slide in box holders and 
are pressed against the commutator by ad- 
justable springs. The studs carrying the 
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FIG, 301. CROCKER-WHEELER FOUR-POLE 
SHUNT-WOUND GENERATOR 
the journal may be turned down without 
reducing its diameter below that of the 
projection. The leads from the field coils 
and brush holders are connected to the 
inner of which pass 
through the magnet at each side and are 
insulated 
ings. 


ends brass studs 
bush- 
Although the dynamo selected for 
illustration is shunt-wound, this type of 
machine is also built either series- or com- 
pound-wound. 


therefrom by porcelain 
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300. DESIGNATED PARTS OF THE CROCKER-WHEELER GENERATOR SHOWN IN FIG. 301 
1. Magnet Frame. 12. Armature, includes13and14. 23. Brush Stud Insulating 82. Cable Tips. 
2. Front Shield. 13. Commutator. sushings. 33. Porcelain Bushings. 
3. Rear Shield. 14. Shaft. 24. 3rush Stud Nuts. 34 ‘Sentient Shade 
4. Shield Cap Screws. 15. Pulley. 25. Brush Holders. nny catiaes Maden we 
5. Eyebolt. 16. Pulley Key. 26. Brushes. 35. Washers, Plain Brass. 
6. Pole Shoe with Screws. 17. Field Coils. 27. Connection Cable and Tips. 36. Main and Series Labels. 
3 ye Hole Cover and Chain. = Rocker, ae 19 and 20. om | eer — fs Tips. Mate and Field Labels. 
8. il Gages. 9. Rocker Handle. 29. Shunt Cable and Tips. oF oan ‘ 3 Fontes 
9. Journal Screws. 20. Wing Screw. 30. Shunt Field Connector. soc Terminal Stud Nuts. 
10. Journal Boxes. 21. Brush Studs. 31. Flats with Bolts for Con- 38. Tie. ‘ 
11. Oil Rings. 22 Insulating Washers. necting Series Fields. 39. Nameplate and Screws. 
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Practical Letters 
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June 15, 1900. 


from Practical Men 


Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Pneumatic Oiling System 





Herewith are an explanation and il- 
lustrations of an oiling system which is 
not advanced as anything new or original, 
except that the oil is all practically 
handled by compressed air, instead of by 
gravity feed or direct pump pressure. 

Such a system has the advantage that 
the new oil in being drawn from barrels 
does not enter the power station at all, 
the barrels remaining outside of the build- 
ing, as shown in Fig. 1. The vacuum in 
the oil tank is induced by the pipe run- 
ning to a Conover independent condenser. 
There is no oil wasted nor spilled by this 
method. All filters, oil tanks, pumps, etc., 
are below the engine-room floor, where 
they can all be attended to by one at- 
tendant. There are no unsightly tanks 
en the wall of the engine room. 

This system consists of five tanks, Fig. 
2, arranged ima row; the first four re- 
ceive the waste-oil drips from all the en- 
gines, which filter down through waste, 
and up through water in the bottom of 
the tank, flowing from the top of the 
water out into a header pipe common to 
the four filters, and discharging into a 
receptacle at the top of the tank A. This 
tank has five %-inch pipes, with valves 
attached, arranged around the circumfer- 


/Oil Drips from Engines 
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ence of the receptacle at the bottom, and 
discharging through these into five wire- 
screen cylinders, closed at the bottom, and 
wrapped with toweling, through which all 
the oil filters. 

These cylinders are set on a perforated 
plate into which space the oil drips from 
the cylinders, through the toweling, and 
then runs through the suction pipe of 
the oil pump, which enters the bottom of 
the tank, and it is then pumped to the 
filtered oil-storage and feed tanks by the 
electrically driven pump. 

These tanks have an air pressure of 
15 pounds applied to the top of the oil. 
Enough oil is kept in the system to keep 
both tanks two-thirds full. An _ over- 
flow pipe is attached to each tank two- 
thirds of the distance from the bottom, 
and these combine and discharge together 
through a safety valve into the filter tank 
A, as shown. 

The pump is kept running continuously 
and if stopped for any cause, there is 
enough oil in the tanks to supply the en- 
gines for some three hours, the air pres- 
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sure supplying the necessary pressure to 
feed the oil. 

When the pump is stopped, either by the 
circuit-breaker coming out or for any 
other reason, the handle of the motor- 
starting rheostat, in going to the off posi- 
tion, throws into circuit a red light which 
is placed in the engine room, thereby 
giving notice that the pump is off. The 
lamp continues to burn until the motor 
is again started. 

We also have a spare pump attached to 
the end of the main shaft on the Conover 
condenser, which can be used as a spare 
pump. 

To make up the natural loss of oil, and 
to keep the system at the required level, 
there is a pipe branching from the feed 
line on the new oil tank, through which 
new oil may be introduced into the filtered 
oil tanks by simply opening one valve. 

New engine oil and two kinds of cyl- 
inder oil are drawn into three tanks ar- 
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all other bearings are lubricated with 
filtered oil which is all returned to the 
filters from the drip pans of the engines. 

A reducing valve on the high-pressure 
line reduces the pressure from 120 to 
15 pounds. A safety valve is attached to 
the low-pressure line, in case the reduc- 
ing valve should stick or leak. 

The installation operates very satis- 
factorily, and is a great saver of time, 
patience and oil and is reliable. 

Georce L. FALgs. 

Copperhill, Tenn. 





Difficult Pipe Connection 





The accompanying illustration shows 
an easy way of cutting a connection 
through the end of a plugged pipe that 
is under a head of water, without get- 
ting wet, if the pipe is large enough in 
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DIFFICULT PIPE CONNECTION 


tanged as shown in Fig. 2. The oil is 
drawn from barrels, outside of the engine 
room through a 14-inch pipe. The bungs 
are knocked out of the barrels and the 
pipe put in, the union made tight and a 
vacuum turned on. A barrel of engine 
oil will flow into the tank in about five 
minutes ; cylinder oils take more time, de- 
pending on the temperature. 

When there is sufficient oil in the tanks, 
as shown by the gages on the ends, the 
vacuum is shut off and an air pressure 
of 15 pounds is applied to the top of the 
oil and kept on at all times, except when 
filling the tanks. 

Pipes from the bottom of the tanks 
lead to the oil cabinet in the engine room, 
and oil is measured out to the oilers from 
this cabinet and a record kept of it. 

New engine oil is used on valve gears 
and in blowing-engine cylinders, and to 
make up loss in the filtered-oil system; 


diameter to permit a man to work in- 
side. The case I refer to was a 48-inch 
cast-iron pipe. 

I first made a water-tight can to con- 
form with the diameter of the plug. I 
then put two drawbolts through the can 
to pull it up against the outside face of 
the plug, and bolted a soft rubber gas- 
ket to the flange face of the can with 
small countersunk bolts. Two holes were 
drilled through the plug in the end of the 
pipe, large enough to admit the bolts 
in the can, the center to be the same as 
the bolt center on the can. As the holes 
were drilled a soft wood plug was driven 
in each. 

When both holes were complete a small 
V-slot was cut along one side of a wood 
plug and a wire pushed out and fished 
up to the surface by a man on a platform 
overhanging the lake. 

The can was slung in position for low- 
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ering and each wire fastened to its re- 
spective bolt. 

When the can was near its proper 
position, the man inside the pipe guided 
the bolts into the holes with the aid of wire 
attached, and the can was bolted se- 
curely to the face of the plug. 

A 12-inch circle was then cut out of 
the plug and a flange placed on it to which 
was attached a valve for shutting off at 
any future time when repairs would be 
needed on the drive line beyead. 

The can was taken off after serving 
its purpose and the top cut out and a 
heavy screen put in to keep out fish and 
foreign matter, and then replaced in 
usual way. 

This proved the simplest and best way 
after numerous suggestions by clever 
men. The water level in the lake could 
not be lowered to permit of work being 
done on the water side of the dam. 

B. NICKERSON. 


Montgomery, Ala. 





Water Power 





On page 686 of the April 13 number, 
Henry D. Jackson takes up the subject 
of water power and suggests the careful 
looking up of Government records for 
a long time. This must mean the record 
of rainfall. 

This record is important, but there are 
other things that have a bearing on it that 
are not often enough taken into account, 
viz., the general nature of the Soil and 
probable changes. 

A country, or section, through which the 
stream passes that has a scrubby growth of 
trees that it pays to cut only for wood, 
and swamps that will not pay to drain, 
will have a good summer supply and not 
excessive in winter. This stream will last, 
as there is no probability of its ever being 
drained or any woodland destroyed for 
any length of time, as the roots will 
sprout and growth begin before erosion 
will take place. 

Such a stream will need storage only for 
“lean years” and this will not be large. 
The “run off” on such a stream will be 
slow. 

If we have a section made up of clay, 
rocks and woods consisting of large trees, 
with little undergrowth, we have the pros- 
pect of the trees being cut and a slow 
growth. 

Clay and rocks do not hold water and 
a stream running through such a sec- 
tion will have extreme high and low water 
as the “run off” is rapid, and such a 
stream would need large storage ca- 
pacity, as this storage would be called 
upon nearly every year. During the “lean 
years” the storage would have to sup- 
ply the stream for six months. 

A section made up chiefly of sand and 
gravel, will be about midway between the 
foregoing, as, while there may not be 
many springs in such a section, the “run 
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off” will be moderately slow, the soil 
having a fair capacity for retaining water. 
In looking up water powers, these con- 
siderations should enter into the account 
as well as cheap sites for storage. Stor- 
age is the important item, if the water 
proposition is to be a success. If pos- 
sible, the dam site should be a gorge 
or narrow place so as to have a short 
dam. 

When we go through a drought, we 
claim that it is the worst that ever hap- 
pened and the oldest inhabitant never saw 
anything like it. There will be more just 
like it, and if one goes into the water- 
power business he must provide for it. 

W. E. Crane. 

Broadalbin, N. Y. 





Securing a Loose Crank Disk 





In a recent issue I saw a method of re- 
pairing a loose crank disk by the use of 
tapered pins. I have a method which 
I have used in several cases that I think 
makes a better job. I drill and tap a hole, 
half in the disk and half in the shaft, the 
size varying according to the diameter 
of the shaft. Then I counterbore about 
4 inch deep and make a screw of tool 
steel with a slight amount of taper, 
enough to insure a tight fit, allowing the 
body to go in the counterbored hole so it 
may be finished nicely without showing. 
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SECURING A LOOSE CRANK DISK 


For a stud I use a piece of stock about 
7 or 8 inches long and screw it in with 
a pipe wrench as tight as it will go; I 
then saw it off, leaving just enough to 
rivet up. 

I used this method in the case of a disk 
which worked off the shaft, and the en- 
gine is running yet and gives no trouble. 
The thread will hold the disk from slip- 
ping endwise. 

C. F. Branpon. 

Mittineague, Mass. 


POWER AND THE ENGINEER. 
Diagrams Explained 





On page 686, of the April 13 number, C. 
K. Desai shows indicator diagrams and 
wants them explained. Diagrams like 
these can be obtained by tightening the 
drum spring and using a twisted cord that 
stretches. There are also braided cords 
that stretch too much for this purpose. 
The paper drum starts slowly and lags 
until some of the stretch is out, and its 
movement is never coincident with that of 
the piston. 

W. E. CRANE. 





Air Receivers 





Referring to the article on air receivers, 
by John B. Sperry, in the April 6 num- 
ber, I note Mr. Sperry advises placing the 
outlet near the top of the air receiver. 
‘this was formerly the universal practice, 
but it is now being discarded to a con- 
siderable extent, as it is found more 
satisfactory to take the air at a point 
about one foot above the bottom. The ad- 
vantage is that with a good sized re- 
ceiver the air is fairly cool near the bot- 
tom, and if it contains much moisture on 
entering the receiver, it is found in 
practice that the air will be somewhat 
drier. 

In air-drill work, mining, etc., we have 
found that there is somewhat less trouble 
from freezing where this plan is followed, 
and for the same reason vertical receivers 
are generally preferred where conditions 
will admit of their being installed to ad- 
vantage. But as a general thing the air 
will be found to be a little cooler near 
the bottom of a vertical receiver than in 
a horizontal one. 

G. A. REICHARD. 

Los Angeles, Cal. 





In the April 6 number, John B. Sperry 
states that air compressors should be con- 
nected with the inlet at the bottom and 
the outlet at the top; with which I should 
like to take issue. I have made several 
experiments in that line and have con- 
vinced myself that the proper way to con- 
nect is with the inlet at the top and the 
outlet near the bottom. 

The bottom opening of a receiver is 
always at least 6 inches from the bottom, 
so that there is no danger of drawing any 
water from it, and if the compressor is 
working at near its full capacity the top 
of the receiver will be very hot. It is my 
opinion that when the air is taken from 
the top it will contain a greater amount 
of moisture in suspension than at the bot- 
tom, while when taken from the bottom 
the air, being cooler, will have precipitated 
the greater part of it to the bottom. Even 
in wet weather and without draining the 
receiver for a week, I have never seen 
more than about enough water come out 
of the drain to cover the bottom of the 
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receiver. Our pipe line always carries 
considerable dry air. 
H. GAvTSCHI. 
Lusk, Wyo. 





A Noiseless Water Heater 





I have a noiseless water heater that is 
a good deal easier and quicker to make 
than any I have ever seen. 

Take a piece of old steam hose 1% or 
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’ A NOISELESS WATER HEATER 
2 feet long and cut out about 6 inches 
from one end, as per the sketch, and stick 
the other end on the steam pipe. 
FRANK GARTMANN. 
Sheboygan, Wis. 





Draining High Pressure Steam 
Lines 





I read with much interest a letter by 
T. J. Bloss, in the February 9 number, and 
a later one by C. H. Beach, in the April 
6 issue, regarding the drainage of high- 
pressure steam piping. 

Mr. Bloss cited a case of a 34-inch 
line piped direct from the boiler through 
15 feet of horizontal pipe, then rising 96 
feet vertically to a temporary bathroom. 

As stated by Mr. Bloss, this vertical line 
stood full of cold water, except when a 
valve at the upper end of the line was 
opened, in which case the water backed 
down again into the boiler; the steam 


pressure carried was 100 pounds per 
square inch. 
This 34-inch pipe must have been 


trapped at some point in the horizontal 
line, which would account for the vertical 
line standing full of water when the upper 
valve is closed. 

It would seem quite natural that any 
water of condensation which forms in a 
vertical steam pipe, where there is no 
flow, would tend to drain back to the 
boilers as fast as it forms, especially where 
the hight is as great as in the given case, 
unless the line were trapped. With 96 
feet of water standing in a vertical pipe 
there would be exerted a pressure at its 
base of 


0.434 X 96 = 41.66 
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pounds per square inch. This water of 
condensation, even if formed into a solid 
column, should break up sufficiently to run 
down one side of the pipe while the steam 
rises on the other side to take its place, 
where it in turn is condensed. 

If it is attempted to drain the water 
of condensation back against the steam 
flow, in large steam pipes, water hammer 
is almost sure to occur, or the water may 
collect until a “slug” is formed, which 
greatly reduces the area of the pipe, in 
which case a heavy flow of steam in the 
direction of the engines will very likely 
carry the “slug” of water over with it 
at high velocity, if not stopped by a 
separator. 

Mr. Beach cites a case of a 75-horse- 
power Corliss engine connected to 200 
feet of pipe with a separator placed just 
above the engine throttle valve. Still, in 
several instances, water has passed over 
in sufficient quantities to stall the engine. 

The purpose of a separator is chiefly to 
prevent water going over in sufficient 
quantities with the steam flow to cause 
damage to the engine. If a separator 
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the water drained off by a trap or other 
suitable means. 

When a steam header is divided into 
separate sections any one or more of 
which may be cut out of service, each 
section should be dripped, as the steam re- 
maining in the dead section is bound to 
condense and should be well drained off 
before opening the dead section again to 
the live-steam pressure. This will pre- 
vent water hammer. 

If all high-pressure drip lines are well 
covered with good-quality nonconductive 
pipe covering of proper thickness the con- 
densing effect mentioned by Mr. Beach 
should not prove such a serious draw- 
back. 

WiuiAM F. FIscHER. 

New York City. 





Tool for Tuming Pin on Center 
Crank Engine 





The accompanying sketch illustrates a 
tool used to turn a crank pin on a center- 
crank engine. 


The pin was badly out of 
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SIDE ELEVATION AND PLAN VIEW OF APPARATUS FOR TURNING 


PIN ON 
passes a “slug” of water sufficient in 
quantity to stall an engine and throw it 
out of alinement it. would seem that the 
so-called separator is not very efficient 
as a safety device. 

There are separators on the market that 
not only separate or remove large “slugs” 
of water coming over with the steam 
flow, but they remove also a large per- 
centage, of the moisture held in suspen- 
sion in the steam, which has a bad effect 
on the economy of the engine. 

I agree with Mr. Beach that tapping a 
small pipe connection into the bottom of 
a line of pipe is a poor means of remov- 
ing the condensation, as the flowing steam 
will undoubtedly sweep the water along 
with it past such a small opening. Drip 
pockets of large cubical capacity should 
be used, and may be placed in the steam 
line at the desired drainage points, and 


CENTER-CRANK ENGINE 


true, and to get the shaft out, and to 
the shop, meant a long hard job, so we 
made the following contrivance. do the 
work: 

Two pieces of oak wood, 43 inches 
wide and 3% inches thick by 1 foot 10 
inches long, made parallel, were fastened 
together by two %-inch bolts, a piece of 
14-inch flat-iron stock being placed on the 
top with holes drilled for bolts and 
countersunk holes for wood screws to 
hold it. The rig was then taken to the 
shop and the hole made for the tool, the 
slot being wide enough to insert a wedge 
for holding the tool, which was made of 
common tool steel and flattened on the 
top to receive the set screw by which it 
was fed, as illustrated. The rig was 
first tried on a piece of stock known to 
be round, and proved satisfactory. It was 
then bolted to the crank pin, and in two 


1065 


hours the pin was round. In making the 
tool, care must be taken to make a tem- 
plet of the fillet of the pin to grind the 
tool by, and also to grind the tool on a 
very long bevel. 
H. L. Bsapsury. 
West Everett, Mass. 





Gas Engine Valve Setting 





Undoubtedly when Mr. Hollman wrote 
his article on the “Method of Setting Gas 
Engine Valves” he had no intention of 
creating the discussion that followed. He 
should be congratulated, however, upon 
awakening a few of the gas-engine men, 
for I do not think we hear from them as 
often as we should. 

Gas-engine valve setting and ignition 
timing are largely matters of experience, 
but I think we will agree that the timing 
of ignition depends somewhat upon the 
size of the engine cylinders, the speed and 
fuel used. Herein lies the fact upon which 
I should base my criticism of preceding 
articles upon this subject (by Mr. Tilden, 
page 416, March 2, and Messrs. Buschman 
and Abegg, page 688, April 13), 
of which was sufficiently explicit in giv- 
ing these details. 


none 


It is evident that more time is required 
to burn the gases in a large cylinder 
than in a small one, and therefore it may 
be necessary to have the point of ignition 
earlier in the larger cylinder. In the 
same way, the speed of the engine will af- 
fect the point of ignition, for with the 
point of ignition the same, relative to 
crank angle, it is evident that more time 
is allowed before the crank passes the 
central position for the ignition of gases 
in a slow-speed than in a high-speed en- 
gine. The kind of fuel used is probably 
the most important factor, however. Some 
gases burn much more slowly than others. 
A mixture of producer gas, for instance, 
will not ignite as quickly as one of natural 
gas. 

Regarding valve settings: When gas 
engines were first manufactured, it was 
the practice to have inlet and exhaust 
valves open and close when the crank was 
on the dead center. Experience, how- 
ever, taught that better results were ob- 
tainable by varying the valve settings con- 
siderably. By opening the exhaust valve 
30 to 50 degrees earlier, the gases are al- 
lowed to expand nearly to atmospheric 
pressure before the piston commences the 
exhaust stroke. It that this ar- 
rangement sacrifices. an appreciable area 
under the expansion curve, but at the 
same time back pressure on the exhaust 
stroke is avoided, and this more than com- 
pensates for the work lost on the expan- 
sion stroke. . Another advantage is that 
less heat will be transferred to the cyl- 
inder walls by having this early opening 
of exhaust valves. The exact time of ex- 
haust closure varies considerably in 
practice, but an average would probably 


is true 
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be between 5 and 10 degrees past the in- 
ner center. 

The time of opening of inlet valves also 
varies, some engineers having this event 
occur before the exhaust valve closes, 
while others defer it until afterward. The 
relation of this event to exhaust-valve 
closure depends upon the fuel burned. In 
the case of high-speed oil engines, where a 
comparatively large amount of the heavy 
hydrocarbons is found in the exhaust 
gases, the inlet valve is not opened usually 
until the exhaust valve has closed, in order 
to prevent back-firing. In cases where 
other fuels are used I do not think back- 
firing will be caused, generally, by having 
both inlet and exhaust valves open at the 
same time; for if this is a fact, why do 
not the exhaust gases contained in the 
clearance space ignite the incoming 
charge? Also, by having the inlet valve 
open before the exhaust valve closes, a 
more complete scavenging of the cylinder 
is effected. 

The foregoing statement is verified by 
my own experience with three-cylinder 
single-acting natural-gas engines, which 
were rated at 360 horsepower, running at 
200 revolutions per minute, with cylinders 
18 inches in diameter by 22-inch stroke. 
The best results were obtained with the 
following timing of events: Ignition, about 
24 degrees early; inlet valves opened 
about 10 degrees before the inner center; 
inlet valves closed about 30 degrees past 
the outer center; exhaust valves opened 
about 45 degrees before the outer center ; 
exhaust valves closed about 10 degrees 
past the inner center. 

The engines carried about three-quarter 
load and ran on an average fuel consump- 
tion of 21 cubic feet of gas per kilowatt- 
hour for six months, the gas having a 
heating value of from 950 to 1000 B.t.u. 
per cubic foot. Back-firing was very rare 
and never troublesome. 

I regret that I have no data relative 
to other valve settings upon these engines 
and should like very much to hear from 
someone who has such data. 

J. C. Parmety. 

Urbana, Iil. 





The communications from Messrs. 
Buschman and Abegg, set forth some 
ideas that fit the principles involved and 
some that, in my estimation, do not. 

My letter, in reply to one from Mr. 
Hollman, reference to which is made, dealt 
with that type of gas engine used on 
standard automobiles, with which it is 
necessary to get right down to “brass 
tacks” or you don’t make the hill on the 
high gear. 

The point I aimed at was the definite 
necessity of getting a cylinder full of mix- 
ture to start with, and it has been my 
experience that closing the exhaust valve 
as nearly as possible on the dead center, is 
a prime requisite to that end. 

If the correspondents named have found 
it necessary to release the expanding 
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charge when the crank lacks some 40 
degrees of having reached the end of the 
stroke, does it indicate that I have ad- 
vanced a theory that won’t hold water, 
or that the designer of these particular 
engines (wonder if they are both from the 
same shop) had peculiar ideas regarding 
the behavior of gases under pressure? 

In considering the engine as a gas pump, 
the time of opening the exhaust valve 
has nothing to do with the question, pro- 
vided the exhaust valve may be closed at 
the proper time; and Mr. Hollman’s let- 
ter gave me the impression that the time 
of closing his exhaust depended on the 
time of opening it. 

Regarding the theory that a column of 
air and gas will continue in motion after 
having been put in motion, due to its 
inertia, it is very easy to confuse the term 
“inertia” with that property of matter 
known as momentum. 

No one will question that a column of 
gas and air has inertia, but I do dispute 
that it has momentum enough when in 
motion to overcome the resistance of me- 
chanical friction. If the correspondents 
will spend some time with an indicator 
on a compound air compressor, where 
they will have an opportunity to experi- 
ment with gas at atmospheric pressure, 
with a spring to match that sort of work, 
and check their work by following it 
through the high-pressure cylinder, I think 
they will agree with me that while a 
column of gas at low pressure, may be 
inert it won’t “moment” for sour apples. 

The last paragraph in Mr. Buschman’s 
letter contains the statement that “the 
maximum explosion pressure is obtained 
when the volume of the mixture is the 
smallest, or in other words, the com- 
pression pressure is the highest at the 
instant the entire mass is ignited.” 

If the words “explosion” and “com- 
pression” were transposed the first pro- 
position would be true, but the last would 
still lack something of full or exact truth, 
I believe. The burning of a charge of 
gas and air in an engine cylinder is not 
instantaneous as to time, but continues 
over an easily measurable portion of the 
crank-pin travel, and the time of the high- 
est explosion pressure depends on the 
quality of the mixture, the amount of com- 
pression, the point of ignition and the 
speed of the engine. Varying any one of 
these elements will vary the time or point 
of the highest explosion pressure. 

That part of gas-engine indicator dia- 
gram that connects the top of the com- 
pression curve with the commencement 
of the expansion line always has an in- 
ward slant, which is an index of the time 
consumed in burning the charge in the 
cylinder. If the burning of the charge 


was an instantaneous explosion, that line 
would obviously be perpendicular to the 
atmospheric line. 

Mr. Abegg calls attention to two ad- 
vantages resulting from releasing at 40 
degrees ahead of the center, one of which 
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is that the cylinder walls are cooled there- 
by, which “allows a more complete new 
charge.” That is to say, he throws away 
part of his charge to facilitate acquiring 
a bigger charge than is needed for the 
next power stroke. 

If the theory set forth, regarding the 
inertia of a column of gas in motion, was 
right, proof of that fact could be found 
by scrutinizing the exhaust line, of an in- 
dicator diagram from a gas engine. The 
burned gases certainly leave the cylinder 
at a much higher velocity when first re- 
leased by the opening exhaust valve than 
is possible when impelled by the com- 
paratively slow-moving piston, and yet 
whoever heard of the piston being sucked 
out of the cylinder by the vacuum pro- 
duced by the “inertia” of the outrushing 
column of burned gas? 

E. G. TiLpen. 

Downers Grove, IIl. 





Cost of Cleaning Boilers 





The editorial entitled, “How Much Does 
It Cost to Clean Boilers?” is a step in the 
right direction. Power-plant owners and 
operators should know more than they 
do about what scale and impure water are 
costing them. They should keep a record 
of such costs, including all incidentals, 
and then at the end of the year they can 
tell how much they can afford to pay for 
some system of water treatment. 

There is one statement, however, that 
may give rise to misconception. The edi- 
torial says: “How much better off would 
you be if you had absolutely pure feed 
water for your boilers, so pure that it 
would leave absolutely nothing behind it 
when it boiled away?” This is a com- 
mercial impossibility; at least, you cannot 
get such waters from natural supplies 
except by distilling, the cost of which 
would be, in most cases, prohibitive, even 
as compared with cleaning the boilers. 

It is true that a condensing plant under 
certain conditions might afford to distill 
its make-up water, but even that is hardly 
probable. The distinction that is to be 
drawn is between water which forms scale 
in the boilers and water which does not, 
or at the most deposits only sludge, since 
boilers using the latter can be kept clean 
by regular blowing down with an oc- 
casional washing out with a hose. 

Scale is responsible for most of the ex- 
pense of boiler cleaning and maintenance, 
necessitating, as it does, the use of me- 
chanical cleaners and causing frequent 
injuries to tubes, plates and seams through 
overheating. 

By treating sulphates and carbonates 
you can keep the lime and magnesia out 
of the water, but a sodium or some 
similar highly soluble salt will pass on 
into the boiler and its accumulation there 
must be prevented by blowing down. At 
the same time, a certain amount of fine 
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sludge will get through any practical 
form of filter, and the boilers should be 
blown down to remove this also. 

The foregoing statement applies to 
every form of treatment, hot or cold, or 
boiler compound, that I know about, with 
the exception of barium-carbonate, which 
is not in use in this country on account 
of its high price. 

GeorcE H. Gipson. 

New York City. 





Babbitting a Trycock 





The accompanying sketch is of a try- 
cock, and shows the way | fixed it so I 
could take the stem out and put in a new 
babbitt seat while steam was on the boiler. 

I had but one boiler to run five miles 
of electric railroad and some lighting. We 
had to run 20 hours a day seven days a 
week, so we did not have any time to get 
steam off the boiler for repairs. 

It will be noticed that the pin is long 
enough so that the cock can be opened 
enough to try the water without the ball 


Pin to keep Ball out of Opening 






BABBITTING 


coming into place, but when turned 
enough the flow of steam will carry the 
ball to the opening. After reseating the 
disk the pin will push the ball out of the 
opening. 
E. A. Youna. 
Isabella, Tenn. 





Trap Won't Work 


On page 609 of the March 30 number, a 
steam trap is illustrated and explained by 
H. C. Williamson. In looking at the 
sketch, it appears that the arrangement 
shown will not operate. For instance, 
when the float rises on the rod until it 
hits the top stopper, then the trap is full 
of water; but as the float rises, lifting 
the rod with it, the bell crank will close 
the outlet valve instead of opening it, as 
should be the case. On the other hand, 
the outlet valve is opened by the float 
falling, which means that if it were pos- 
sible the outlet valve would open only 
when the trap was empty and would close 
only when it was full. The cure would 
be to attach the bell crank to the inside of 
the trap on the opposite.side from the 
outlet valve, which would 


reverse the 
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movement of the outlet valve with rela- 
tion to the movements of the float and 
thus render the trap operative. 
R. MANLY Orr. 
Brantford, Ont. 





Hydraulic Information 


Mr. Piper does not state whether the 
360 inches of water delivered is in cubic 
inches or in miner’s inches. There is a 
great difference in the two terms and 
calculations made for one would be wholly 
wrong for the other. 

The miner’s inch is equal to 1% cubic 
feet of water flowing per minute (ap- 
proximately), which would make the 
available power with a head of 140 feet, 
at 85 per cent. efficiency, about 120 horse- 
power when 360 inches is flowing. If we 
take it to mean 360 cubic inches dis- 
charge per second, which equals 12.5 cubic 
feet per minute, we will get with the 
140 feet head, at 85 per cent. efficiency, 
about 2.8 horsepower. 

We will take the miner’s inch measure- 
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A TRYCOCK 


ment, which with 360 inches flowing will 
equal 540 cubic feet per minute. Setting 
the velocity of the water in one conduit 
line at 3 feet per second, we will obtain 
the pipe diameter by the formula 


= — 2 
om J VX 0.32725 ” 
where 


d = Diameter of pipe, 

Q= Quantity of water discharged per 
minute, 
V=Velocity of 
minute. 





water in feet per 


a 7 
3 X 0.32725 


inches. A 24-inch riveted steel pipe 
should be used, made of 12-gage material, 
which will weigh about 32 pounds per 
linear foot. This will give a velocity a 
trifle less than 3 feet per second, but 
the writer favors keeping the velocity 
low, and receiving full benefit of the low 
pipe friction. The loss by friction in this 
case is calculated by the formula 


ie 4V3+5V—2 


= —— 





= Vv 550 + = 23.45 + 





= 0.83 + 


foot-head loss, where ® 


H = Head loss, 
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L = Length of pipe line, 
d = Diameter of pipe, 
l’= Velocity of water flowing in feet 
per second. 
This will give 139.17 feet of effective 
head. 


A water wheel of the pelton impulse 
tvpe, 6 feet in diameter, taking water with 
a spouting velocity of about 5600 feet 
per minute and operating at 150 revolu- 
tions per minute should be installed if the 
dynamo is to be a belted machine. This 
would deliver approximately 115 horse- 
power which, after allowing for necessary 
losses, both mechanical and _ electrical, 
would easily supply one thousand two 
hundred 16-candlepower lamps of the car- 
bon filament type, or about three thousand 


two hundred 20-candlepower tungsten 
lamps. 
If the electrical distribution is to be 


over a large area an alternating-current 
generator of a suitable phase, cycle and 
voltage should be installed, but if the 
load is to be entirely local the low-voltage 
direct-current system will fill all require- 
ments. The above speed of the wheel 
could be used only for a belted generator, 
as the cost of slow-speed electrical ma- 
chinery is high, which would in this case 
very likely prohibit its direct 
coupling. If a direct-connected set is 
desired a higher-speeded wheel can be 
used, say, 600 revolutions per minute. A 
good speed regulator should be installed. 
This point is often overlooked, and re- 
sults far from pleasing are obtained. 

If this hydraulic development was for 
the smaller power mentioned, using 360 
cubic inches of water per second or 12.5 
cubic feet per minute, 4-inch iron pipe 
should be installed and an 18-inch pelton 
impulse-type wheel used, which will give 
about 2.5 horsepower, supplying thirty 16- 
candlepower lamps. If this smaller power 
was installed there would be no necessity 
for installing a regulator for the water 
wheel, the speed being governed by hand 
as required, or by a small motor connected 
with a voltage regulator. 

Frank A. BYLEs. 

Bennington, N. H. 


use for 





Standard Pipe Fittings 


regarding architects 
fittings” brought to 


The recent article 
and “standard pipe 
mind the following: 

I was employed as a steamfitter in a cer- 
tain building and an tIt-inch pipe was 
specified. After writing all the leading 
supply houses, causing a two weeks’ de- 
lay, we received word they were unable 
to furnish 11-inch fittings, so the architect 
was notified, and we were told to install 
12-inch pipe, which increased the cost. I 
afterward figured the piping and was sat- 
isfied that a 10-inch pipe would have been 
amply large. 

Sipney T. Moore. 
Guantanomo, Cuba. 
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Vacuum Ash Conveyer at Armour Glue Works 


An Installation Serving 4435 Boiler Horsepower Perfected by Experi- 
ment to Handle 7 Tons of Ash per Hour at Cost of 7 Cents per Ton 





BY 


The vacuum ash-conveying system at 
this works, which was perfected only after 
a great deal of experimentation, consists 
primarily of a positive blower, a storage 
tank and conveying pipes. The blower ex- 
hausts the air from the storage tank into 
which the ashes are drawn by suction 
through the pipes leading from the boil- 
er ashpits. The closed storage tank has 
a capacity of 1640 cubic feet and is 
elevated about 33 feet above the level of 
the boiler-room floor. Just above the 


MBEURG E 


B. 


the other side of the blower up into the 
smoke stack. 

As there are two separate boiler rooms, 
there are also two separate ash-conveying 
pipes, one for each boiler room. These 
pipes, which are 1o inches in diameter 
extend the entire length of the boiler pits 
and discharge’ the ashes into the top of 
the storage tank. The elbow of each 
pipe, where it leads into the storage tank, 
is tapped for an ™%-inch water pipe for 
settling the dust and cooling the ashes, 


Settling Chamber 





HESS 


placed over any of the openings. The 
conveyer successfully handles an average 
of 47 tons of ash every 24 hours, during 
which time it is in operation only 6 hours 
and 45 minutes. An outline of the system 
and some details are shown in Fig. 1 and 
in Table I are given some data on the 
plant and ash-conveying system, for the 
perfection of which much credit is due 
to C. W. Brown, chief engineer of The 
Armour Glue Works. 

As the building of the conveyer was en- 
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storage tank is a smaller tank about 7 
feet high by 5 feet in diameter, designed to 
act as a settling chamber. The small 
tank is connected to the storage tank 
by a 12-inch pipe leading from the bottom 
directly into the storage tank and also 
by two 12-inch bypass pipes that lead 
from opposite sides and near the top 
of the chamber down into the storage 
tank. Leading out of the top of the 
settling chamber to the inlet side of the 
blower is a 22-inch galvanized-iron suc- 
tion pipe and a similar pipe leads from 


OUTLINE OF VACUUM 
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ASH-CONVEYING SYSTEM 
and that part of the piping extending 
along the front of the boiler pits is 
provided with 6-inch holes on the upper 
side, the holes being placed at distances 
to correspond with the doors opening 
into the ashpit directly beneath the fur- 
naces. When not in use, these holes are 
covered by caps with handles attached 
for convenience in handling. When it 
is desired to pull the ashes from the pit 
into the conveying pipes, a small port- 
able hopper is4ised. This has been made 
with a 6-inch outlet and can readily be 


“\neagth 51'0” 


\ ' 
‘Length 55'0"” power, NF. 


AND DETAIL OF PIPING 


tirely along experimental lines, a success- 
ful application was hardly to be expected 
at the first attempt. The device, however, 
was installed along lines which it was 
thought would most néarly meet the re- 
quirements, but the result was a failure 
in almost every respect, and practically 
the only feature of the original installa- 
tion which is now made use of is the 
application of the water in settling the 
dust and coolirig the ashes. It will be 


necessary to go a little into detail in re- 
gard to the original apparatus, the dif- 
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ficulties that were met with and the 
methods of overcoming them in order to 
see just why the system has been arranged 
as it now is. 


A CHANGE OF BLOWERS 
The exhauster first used was not 
adapted to this work, and no end of 
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minute and driven by belt from the 75- 
horsepower 500-volt direct-current motor. 
This blower has been in service a little 
over one year and appears to successfully 
meet all requirements. It steadily main- 
tains a vacuum of 2% inches of mercury 
at the inlet side under all working con- 
ditions. 





FIG, 2. ROOT BLOWER BELTED TO MOTOR 


trouble was experienced with this part 
of the apparatus. It was geared to a 
75-horsepower motor, and this in itself 
was very unsatisfactory. The blower was 
not only incapable of meeting the demands 
made upon it, but it was constantly getting 
out of balance to an extent that might 
at any time prove serious, and in spite 
of all the attention that was given to it, 
the blower finally burst into hundreds 
of small pieces. The continual tendency 


TABLE 1. DATA ON PLANT AND ASH- 


CONVEYING SYSTEM, 
Rated h.p. of boilers (13)... .. 
yo, e 3 eer 
pe | eri 
eae eee 
Percentage of ash............ 2 
Cmeserter OF BOM. 5... oo ck ccs Very little clinker 
Tons of ash per 24 hr........ 47 
Actual capacity of conveyer per 
DE es aa nam aus : 
Power required to operate 
POE, TM a o0 kh 6 08 6:40.08 §2.75 
Cost per ton of conveying 
OHNE: WO, vice cask canaces 
Hours of labor required per 24 


4435 
Stirling 
Chain 
Illinois screenings 
9 


167 


° ‘ 


_hr. (man)... ......- one 7 
Vacuum maintained at inlet of 
; in. of water, 32 
MOIS ota ata oes a ares hed per sq.in. 18} 


Capacity of storage tank, cu.ft. 
Dia. of conveyer pipe lines, in. 
Dia. of exhaust pipe lines, in. . 22 
Lb. of water required per ton of 


1640 
10 


586 
260 


to unbalance could be accounted for only 
in one way, and that was by the wearing 
away of the fan blades by the small 
particles of ash which were carried along 
in the air as it was exhausted from the 
system. The original blower was then 
replaced by a 24-foot Root positive blow- 
er, Fig. 2, running at 260 revolutions per 


Tue ASH-STORAGE TANK 
Originally the large ash-storage tank, 
Fig. 3, was used only for the purpose of 
storing the ashes until they could be 
dumped into cars and was in no way con- 





CONVEYER PIPE IN FRONT OF ASHPIT 


FIG. 4. 


nected with the exhausier. The present 
tank or settling chamber directly above 
the storage tank was designed to act as 
a cyclone producer by causing a violent 
whirling of the ashes around the inside of 
the chamber and permitting the heavier 
particles to drop to the bottom. The ex- 


hauster was connected with the top of the 
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chamber and the two ash-conveying pipes 
led into cpposite sides near the top where 
the two bypasses are now attached. As 
the ashes settled in this chamber they 
were allowed to pass out continuously 
through the 12-inch pipe extending from 
the cone-shaped bottom of the chamber 
into the storage tank. This had to be 





FIG. 3. STEEL STORAGE TANK AND SETTLING 
CHAMBER ABOVE 


done without letting any air into the 
chamber, so a rotating valve, operated by 
a one-horsepower motor, was placed in 
the ash pipe below the cyclone chamber. 
This arrangement did serve to act as a 
seal to the cyclone chamber, yet it was 
not entirely satisfactory, as the conditions 








TABLE 2. OUNCES OF VACUUM AT 
DIFFERENT POINTS IN ASH- 
CONVEYER PIPES. 

(ALL OPENINGS Except INLET CLOSED, 
No ASHES IN PIPE.) 





BorLer Pit No. 1. BorLter Prr No. 2. 








| Left Leg. 
Air Inlet at 


Right Leg. 
Y.|Air Inlet at Z. 


Air Inlet at X. 





A 2.66 .) 3.12 R 4.45 
B 2.60 | P 3.35 Ss 4.30 
C 2.92 Q 3.61 T 3.86 
D 2.94 U 3.76 
1D 3.21 V | 3.53 
F 3.35 Ww 3.87 
G 3.58 

H | 3.64 

I | 8.90 

J 3.96 

K | 5,46 

L | 5.52 } 

M | 6.31 

N | 6.36 








under which the motor had to operate 
were not such as to secure the best results, 
and the valve itself had to be repaired 
frequently. For these reasons it 
was thought best to dispense entirely with 
the cyclone chamber and the rotating 
valve, if the desired results could pos- 
sibly be obtained otherwise. A radical de- 


very 
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parture from the original scheme was now 
devised. The top of the storage tank 
was boarded over and the two ash-con- 
veying pipes, which led into the sides of 
the cyclone chamber, were now led di- 
rectly into the top of the storage tank 
and the cyclone chamber was made simply 
an enlarged section of the exhaust pipe. 
As the upper side of this chamber, was 
connected to the exhauster by a 22-inch 
pipe and the lower side to the storage 
tank by a 12-inch pipe, it was evident 
that nothing was to be gained from the 
use of the large exhaust pipe unless the 
area of the opening in the storage tank 
was correspondingly as large. To offset 


Air Inlet 10” 
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boiler pits and convey the ashes into the 
storage tank, were made first of 10-inch 
extra-heavy wrought-iron pipe with 6-inch 
holes spaced along the top in front of 
each ashpit. The proper construction of 
these pipes was a hard matter to decide 
without experimenting. It was thought 
that the ash in traveling through the 
horizontal legs would naturally hug the 
lower surface of the pipe, but prominent 
engineers who were consulted in re- 
gard tg this matter advanced the theory 
that the air in passing through the pipe 
with a high velocity would acquire a 
whirling motion and this same motion 
would be imparted to the ashes, with the 


Boiler Pit No. 2 
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making a fairly good air-tight joint when 
in place on the boss. The areas of the 
hopper openings in the conveying pipes 
bear a definite relation to the area of 
the pipe itself, and this point cannot be 
overlooked in the construction of a con- 
veyer of this kind. Several attempts to 
adapt this apparatus to other plants have 
resulted in failure simply because en- 
gineers have not realized the importance 
of this feature. The ratio of the area of 
the hopper opening to the area of the 
pipe, as determined by experiment, is 
practically 1 to 3. A ratio of I to 2.77 
has been used in the case of the Armour 
conveyer with very good results. It is 
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FIG. 6. VACUUM IN ASH-CONVEYING PIPES 
this drawback two 12-inch bypass pipes 
were led from the openings in the 
chamber where the two conveying pipes 
previously entered, down into the top of 
the storage tank. This served to reduce 
the velocity of the air as it left the storage 
tank and the tendency of the particles of 
ash or dust as they passed through the 
old cyclone chamber, where there was a 
considerably lower velocity, was to settle 
and fall back into the storage tank. This 
is the present arrangement of what is now 
called the settling chamber. 


ASH-CONVEYER PIPING 
The ash-conveying pipes, Figs. 4 and 5, 
which extend the entire length of the 
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DETAIL OF ASH-CONVEYING PIPES IN BOILER PITS 


result that a uniform wear of the inner 
surface of the pipe would take place. 
Assuming that this theory was correct, 
the 10-inch extra-heavy wrought-iron pipe 
with a standard threaded coupling was 
put in place. It was but a short time 
before this arrangement showed decided 
wear. This was first noticeable at the 
couplings where the thickness of the pipe 
had been reduced by the cutting of the 
thread, and shortly after it was apparent 
that the bottom of the pipe was also af- 
fected in the same way. Sections of this 
pipe as fast as they wore out, were re- 
placed by new pipe, but its life was so 
short that the wrought-iron pipe was dis- 
carded for another and more substantial 
one of cast iron with flanged joints. For 
the horizontal lines, where the greatest 
wear occurred at the bottom, a special 
eccentric cast-iron pipe was designed, hav- 
ing a thickness of metal of 1 inch on 
the upper side and 1% inches on the 
lower side. e 


For those sections which were to be 
placed in front of the ashpits and in 
which it was necessary to provide open- 
ings for the hopper, a boss about 9 
inches in diameter was cast at the top 
of the pipe. This boss, having a 6-inch 
hole in the center for the hopper, was 
faced to present a perfectly flat and 
smooth surface. The caps which were 
provided to cover these holes when not 
in use were simply flat circular castings 
with handles on top. The lower side of 
the cap was cast with a V-shaped groove 
about 7% inches in diameter, which was 
afterward babbitted and machined, thus 


Pressure in Ounces per Square Inch in Pipe 
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FIG. 7. PRESSURE-VELOCITY CURVE 


important also that the air inlet at the 
end of the conveying pipe shall be at the 
end of the pipe and not on the side. This 
opening should in no case be less than the 
full diameter of the pipe, and a bell-shaped 
opening would seem to be preferable to 
the flanged end of the pipe as it would 
permit of a higher velocity of the air at 
the inlet. That the size and shape of 
the inlet exert considerable influence over 
the action of the air at this point has 
been experimentally shown. For the 
present installation the vacuum in ounces 
at the various openings lettered in Fig. 
5. are given in the curves of Fig. 6, and 
the velocity of the air for the various 
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pressures given may be determined from 
Fig. 7. 


SPECIAL TEE PREFERRED TO ELBOW 


Another difficulty that was overcome 
only after considerable experimenting was 
the construction of the elbows for these 
pipe lines, and as each conveyer pipe had 
practically three go-degree elbows, all of 
which were subject to severe usage, it 
will be seen that this was a matter requir- 
ing early attention. The 1o-inch standard 
wrought-iron tee which was first tried was 
expected to form a sort of pocket, always 
retaining a certain amount of ash as long 
as the blower was in operation and thus 
protecting itself from wear, but no such 
results were obtained, and an elbow of 
long sweep was substituted in the hope 
that it might prove more satisfactory. 
The elbow did not give any better service 
and was thrown out to be replaced by a 
specially designed cast-iron tee and 
flanged plug. This tee was designed with 
one side of the run shorter than the 
other, and it was placed in the position 
of the old‘ elbow with the longer side 
of the run attached to the ashpit side of 
the pipe. To the shorter side of the 
run of this tee was bolted the flanged 
plug of cast iron. The plug, which was of 
solid metal, 7 inches long, was slightly 
smaller than the inside diameter of the 
tee, and when placed in position with 
its flange bolted to the flange of the tee 
it extended about 1 inch beyond the neck 
of the outlet. With this arrangement 
practically all of the wear on the tee, ex- 
cept that which would normally take place 
in the straight pipe, was now received en- 
tirely by the plug inserted in the shorter 
side of the run. 

Besides preventing excessive wear of 
the pipe, this type of tee also assists in 
breaking up clinkers. In drawing ashes 
into the hoppers on the conveying pipe, 
clinkers almost as large as the 6-inch 
opening often fall into the pipe. The 
velocity of the air in the pipe is always 
sufficient to carry along these large clink- 
ers until they strike the vertical leg, 
or the point at which the tee and flanged 
plug are located. By the time these clink- 
ers have reached this point they have ac- 
quired considerable momentum and in 
striking the flanged plug are broken into 
many small pieces. As the ashes on their 
way to the storage tank are required to 
pass through three of these tees, it is 
evident that by the time they reach the 
storage tank they will be in a finely 
divided state. The condition of the ash 
as drawn from the storage tank is suf- 
ficient to prove that this is what actually 
does happen. 

So far as protecting the pipe from wear 
was concerned this proved to be an ideal 
arrangement, but whatever effect it pro- 
duced upon the action of the air due to 
the increased friction has not yet been 
determined. The tee undoubtedly offers 
greater resistance to the air than a long- 
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sweep elbow would, but when the small 
number of these elbows and the capacity 
of the apparatus are considered, it ap- 
pears to be a matter of only minor im- 
portance. Frequent inspection of these 
plugs show that they wear away quite 
rapidly, while the tee itself shows com- 
paratively little wear. When worn out, 
it is a simple matter to replace the plugs 
at slight expense. 

For packing the flanged joints of the 
pipe line, a piece of %4-inch asbestos 
having a diameter slightly less than that 
of the bolt-hole circle was used instead 
of any of the ordinary packing materials. 
Small pressure was applied to these joints 
by the flange bolts, and while the blower 
was in operation a heavy paint was poured 
between the flanges. The suction created 
by the blower drew this paint into any 
crevices which might have remained after 
the bolts had been tightened and it soon 
hardened there, leaving a perfectly air- 
tight joint at small expense. 


REINFORCED CONCRETE FOR STORAGE TANK 

The original storage tank is still in 
service, but chemical action caused by 
the mixture of the ash and water has 
eaten away the steel until in places noth- 
ing but a very thin piece of metal re- 
mains. One drawback to a riveted tank 
of this kind is that the wet ashes are 
constantly adhering to the joints and 
rivets, especially to the latter, and they 
gradually pile up to such an extent that 
it is necessary to send a man inside to 
knock them off with a sledge. It will 
be necessary to replace this tank in the 
near future, and it is probable that a re- 
inforced-concrete or at least a cement- 
lined tank, and one having no corners 
nor projections on the inside, will be sub- 
stituted in place of steel. 


System CHEAPENS ASH REMOVAL 


Application of this conveying system to 
power plants is dependent upon several 
factors, of which the first and most im- 
portant is the coal, with the amount and 
character of the ash produced. The 
coal used in connection with the con- 
veyer just described is the ordinary run 
of Illinois screenings; the ash produced 
averages practically 20 per cent. of the 
total coal and the clinkers formed seldom 
exceed 6 to 8 inches in diameter, and these 
are of such a nature that they can be 
easily broken up when pulled into the 
hopper. With a coal forming a large, 
hard clinker some means would have to 
be provided for breaking up the clinker 
to a size adapted to the openings in the 
conveying pipe. 

The second and next important factor 
would ‘be the cost of installation, and this 
should not be considered only from the 
standpoint of first cost and maintenance, 
but should take into consideration the 
vearly saving effected. That the latter 
is the deciding factor, especially in large 
plants, has been proved in the case of 
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the conveyer under discussion by actual 
results, the saving in cost of the yearly 
disposal of ash amounting to about 55 
per cent. of that of the preceding year 
when the conveyer was not in use. 

For each separate power station there 
will naturally be some obstacles to be 
overcome, peculiar to that station itself, 
but there seems to be no reason, how- 
ever, why this system could not be adapted 
to fit the conditions, providing that the 
ash does not form too large a clinker. 

If this type of well 
adapted to the economical handling of 
ash, the question naturally arises, why 
should it not be just as well suited to 
the handling of coal or other materials 
of a similar nature? A conveyer of this 
kind has recently been built for the hand- 
ling of coal, but either because of the 
nature of the coal or improper design, 
the device has not produced the excellent 
results expected of it. This probably can 
be accounted for by the fact that coal 
contains a large percentage of moisture 
which would cause it to stick to the in- 


conveyer is so 


ner surface of the conveying pipe, where 
it would quickly build up to such an ex- 
tent as to completely clog the pipe. It 
would then be shut down 
the blower and rod out the pipe before 
operation could be resumed. It is  self- 
evident that under these conditions no 
economy can be expected when the whole 
outfit should require no more than one 
man to operate it. 


necessary to 





International Association for the 
Prevention of Smoke 





The program for the fourth annual’ 
convention of the International Associa- 
tion for the Prevention of Smoke, to be 
held in Syracuse, N. Y., June 23, 24 and 
25, is practically complete. The speakers 
include Dr. Thomas Darlington, health 
officer, New York City; Prof. H. M. Wil- 
son, chief engineer United States Geologi- 
cal Survey; Paul P. Bird, chief smoke 
inspector, Chicago; L. M. Beers, D. T. 
Randall, D. Raymond Cobb, Prof. J. B. 
Faulks, Jr., Syracuse University; O. U. 
Bean, of New York, and others. The 
idea has been to make the program short 
and leave time for the thorough discus- 
sion of each paper. 

A theatre party, an afternoon at the 
greatest fishing grounds in New York, 
with a dinner to follow it, are some of the 
things that are down on the program. The 
headquarters will be at the Vanderbilt 
hotel. 





At the monthly meeting of the Poly- 
technic Institute (Brooklyn) student sec- 
tion of the A. S. M. E., held Saturday 


evening, June 5, James A. Nelson spoke 
on “Hydraulic Machinery,” the lecture 
being illustrated with stereopticon views. 





1072 


POWER AND THE ENGINEER. 


June 15, 1909. 


e , * 
A New Transmission Dynamometer 
A Compact, Rigid, Coupling-like Instrument That Can Be Used for 


Either 


Rotation of the 


Shaft and Can Be Read at a Distance 





BY WwW 


I have received from time to time many 
requests for a simple transmission dyna- 
mometer, and have often felt the need of 
one which would be more generally ap- 
plicable than those now in use. These 
continued requests, together with the re- 
quirements of a definite problem whose 
solution demanded a rigid transmission 
dynamometer in the form of a coupling, 
led to the design and construction of the 
instrument described herewith. The ac- 
companying illustrations show the con- 
struction of the dynamometer and _ its 
method of application and use. In Figs. 
2 and 4 the corresponding parts of the 
dynamometer are given the same letters 
and are referred to in the text. 

The couplings 4 and B, each keyed to 
shaft, are held together 
loosely by the stud bolts C. The holes in 
the flange A are larger than the studs C, 
.so that these studs have no part in trans- 
mitting power from one shaft to the other. 


its respective 











M. H. 


are mounted and are free to turn on the 
studs E. The two fingers of the latches 
engage the studs F on the flange A. On 
the ends of each latch are knife edges 
parallel to the stud about which the latch 
turns. For either direction of rotation of 
the flange A the latches L, which are in 


a 


KES 


sSy 


[277 Tz2 
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FIG. 2, TRANSMISSION DYNAMOMETER 
SHOWN IN SECTION 


KENERSON 


S, which is the weighing member. O is a 
thrust collar screwed on the hub of B, 
and P is its check nut, which is ordinarily 
pinned to the hub when in position. The 
stationary member S, in the form of a 
ring surrounding the shaft, is prevented 
from rotating by fastening to some fixed 
object the attached arm shown in the 
view, Fig. 1, of the assembled instrument. 
In the ring is an annular cavity covered 
byéa thin, flexible copper diaphragm D, 
against which the ball race of one of the 
The edge of this 
ball race is slightly chamfered to allow 
some motion to the diaphragm. The cav- 
ity is filled with a fluid, such as oil, and 
connected by means of a tube to a gage. 
The oil pressure measured by the gage is 
proportional to the pressure between: the 
thrust bearings, which in turn is propor- 
tional to the torque. 

The instrument may be calibrated in the 
torsion-testing machine, or by means of 


thrust bearings presses. 


























FIG. I. TRANSMISSION DYNAMOMETER FOR 


2-S\NCH SHAFT—WEIGHT 60 POUNDS 


The power is transmitted from 4 to B 
through the agency of the latches L, four 
of which are arranged around the circum- 
ference of the flange B. These latches 


*Slightly condensed from 
the American Society 
‘gineers. 


the Journal of 
of Mechanical En- 


FIG. 4. TRANSMISSION DYNAMOMETER 


effect double bell-crank levers, wifl exert 
a pressure on the disk G, tending to force 
it axially along the hub of the coupling B, 
and this pressure, it will be seen, is pro- 
portional to the torque. 

Between the end-thrust ball, or roller, 
bearings M M is held the stationary ring 


TISASSEMBLED TO SHOW CONSTRUCTION 


a sensitive friction brake. Fig. 6 is an 
actual calibration curve for a small instru- 
ment, obtained by hanging standard 
weights at proper distances from the 
shaft on a horizontal lever attached to the 
shaft, and reading the pressures indicated 


by the gage for the various torques shown 
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in the diagram. For ordinary purposes, 
however, it is not necessary to calibrate 
the instrument by actual trial, since com- 
putations of the oil pressures for the vari- 
ous torques from the lengths of the lever 
arms and diaphragm area check very 
closely those thus obtained. 

It will be seen that the weighing means 
is similar to that employed in the Emery 
testing machine, which is recognized as 
being extremely accurate. It will be pos- 
sible to employ the Emery flexible steel 
knife edges on the levers, if desired, but 
this has been found in practice an unneces- 
sary refinement. 

The construction makes the coupling as 
nearly rigid as materials will permit, the 
movement of the diaphragm being ex- 
tremely small. The flow of oil 
through the copper connecting pipe is that 
sufficient to alter the shape of the bour- 


only 
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Where the rate of rotation of the shaft 
is variable and it is desired to indicate the 
horsepower direct, the combination of 
gage and tachometer shown in Fig. 7 is 


employed. The hydraulic gage is con- 
nected to the coupling described, its 
pointer, therefore, indicating torque. The 


pointer of the tachometer shows the num- 
ber of revolutions per minute. Being a 
function of the revolutions per minute and 
the torque, the horsepower will be indi- 
cated by the intersection of the two point- 
ers and suitable curves on the dial, as 
shown. Arrangements for recording or, 
integrating the work done may also be at- 
tached to the coupling. 

A summary of some of the more im- 
portant characteristics of the instrument 
follows: 

The instrument is compact. The ex- 
ample shown in Figs. 3 and 4, which is de- 








FIG. 5. DYNAMOMETER IN A LINE SHAFT IN A MACHINE 
SHOP—SHAFT 3 INCHES IN DIAMETER 


don tube, if that is the form of gage em- 
ployed. 
of the gage is reached this flow ceases, 
hence there can be no fluid friction. It is 
possible, therefore, to use as long and as 


As soon as the normal position 


small a tube as desired, without introduc- 
Where the gage is placed at 
a distance above or below the coupling, 


ing error. 


correction should, of course, be made for 
the static head. 

Other means than the gage shown may 
be employed to measure the fluid pres- 
sure. Where extreme accuracy is desired 
it will be well to employ the weighing de- 
vice used with the Emery testing machine. 
The manograph has been used in this con- 
nection to measure variations in torque 
too rapid for indication by the ordinary 
gage. For example, the 
torque in a single revolution of the shaft 
of a three-cylinder gasolene engine have 
been recorded with its aid. 


variations in 


signed to transmit 30 horsepower at 500 
revolutions per minute, is about 534 inches 
in diameter and weighs about 25 pounds. 
That shown in Fig. 5 
shaft is about 13 inches in diameter and 
weighs about 160 pounds. 

It is as rigid as an ordinary flange 
coupling. 

It may be 


driving a 3-inch 


made in the form of a 
coupling, and will then occupy about the 
same space as the usual flange coupling, or 
it may be made in the form of a quill on 
which a pulley is mounted. This form 
may be made in halves for application to 
a continuous shaft. 

It will indicate for either direction of 
rotation of the shaft. 

The torque may be read and recorded 
or the work integrated at a considerable 
distance from the coupling. 

The readings do not require correc- 
tion for different speeds of rotation. All 
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parts containing oil are stationary, hence 
are unaffected by variation in speed. 
Other parts are likewise unaffected by 
centrifugal action. 

It may be made sensitive and 
accurate. The construction lends itself 
very easily to variation of range of appli- 
cation and to varying degrees of sensitive- 


very 


Oil Pressure, by Gage, Lb. per Sq. Inch 
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FIG. 6. CALIBRATION CURVE 


SION 


FOR 
DYNAMOMETER 


TRANSMIS- 


ness, since the oil pressure, and hence the 
sensitiveness of the instrument, depend 
upon the area of the diaphragm, the rela- 
tive lengths of the arms of the latches L, 
and the diameter of flanges. Its accuracy 
is dependent mainly on the degree of ac- 
curacy of the means employed to measure 
the fluid pressure, of which a number of 
forms, other than the usual pressure-gage, 


are available. 





Amati Machinist, N.Y, 
FIG. 7. COMBINATION PRESSURE GAGE AND 
TACHOMETER INDICATING TORQUE, 
REVOLUTIONS PER MINUTE 
AND HORSPPOWER 


The only power absorbed is the small 
amount due to the friction of the ball, or 
roller, bearings, and this can be deter- 
mined from the pull of the retaining arm. 
It is unnecessary to make correction for 
this, however, since the amount is so small 
as to be negligible. 








1074 


Since the only wearing parts are the 
ball, or roller, bearings, which may be 
lightly loaded, the instrument should not 
be deranged easily. Because of the very 
small volume of oil contained in the 
weighing chamber, ordinary temperature 
changes do not affect the calibration. All 
parts containing oil are stationary, hence 
all joints may be soldered and leakage 
entirely prevented. 

With suitable material and ordinary 
workmanship, it is believed that there is 
little likelihood of failure of any part of 
the instrument. It is conceivable, how- 
ever, that the balls, or rollers, although 
lightly loaded might crush; the diaphragm 
might shear; or the stationary member, 
although bearing only its own weight and 
lubricated, might seize to the hub. Re- 
mote as are any of these possibilities, 
should any or all of them occur, the 
worst that could happen would be the 
tearing off of the oil pipe and retaining 
arm, when the whole would revolve as a 
solid coupling. In no case can the 
coupling fail to drive the shaft because 
of its variation from the standard form, 
since, in addition to the driving latches 
employed to carry the load normally, the 
same number of connecting bolts may be 
employed as in the ordinary coupling, 
which will still hold the coupling together 
should the latches fail. Since, however, 
these latches are farther from the shaft, 
they should, if properly constructed, be 
less likely to fail than the connecting 
bolts usually employed. 





A. S. E. 


Pennsylvania N. 
Convention 


annual convention of the 
Pennsylvania State Association of the 
National Association of Stationary En- 
gineers, was held at Erie, Penn., June 4, 
5 and 6, with headquarters at the Liebel 
house. There were about sixty delegates 
in attendance. were held on 
Friday and Saturday mornings. 

The delegates were called to order at 
10 a.m. on Friday by John M. Lynch, 
chairman of the local committee, who as- 
sured the that every attention 
would be given them during their stay 
in the city. Mr. Lynch then introduced 
Hon. Michael Liebel, mayor of Erie, who 
extended to the delegates and guests a 
warm-hearted welcome; hoped that their 
stay would be pleasant, and wished they 
would pay a return visit in the near future. 
In behalf of the engineers, Charles H. 
Garlick, past National president of the 
N. A. S. E., made an earnest response. 

The convention was then formally 
turned over to John G. Lewis, State presi- 
dent, who presented National Treasurer, 
Samuel B. Forse, who urged that every 
delegate and guest give the closest atten- 
tion and inspection to the fine exhibit 
of the manufacturers. Henry Sims, who 
followed, emphasized the good resulting 


The tenth 


Sessions 


visitors 
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to all from a higher appreciation and 
a closer attention to the display of the 
supplymen. President Lewis then ap- 
pointed the several committees, after 
which the meeting adjourned. 

The exhibit hall was then formally 
opened by Samuel B. Forse. 

At the session on Saturday morning, 
considerable important business was trans- 
acted and the following officers were 
elected: John M. Lynch, president; F. A. 
Zimmerman, vice-president; D. E. Seeley, 
secretary; Richard Pope, treasurer; 
Charles Flint, conductor; John D. Dallas, 
doorkeeper. 

The feature of the 
Tangements was a 


entertainment ar- 
banquet on Friday 
evening, to which the were in- 
vited. After a most appetizing repast, 
Samuel B. Forse, the genial toastmaster, 
introduced the following speakers, who 
made crisp and interesting addresses: G. 
F. Duemler, John M. Lynch, John A. 
Kerley, Mayor Liebel, F. R. Low, J. G. 
Gregory, George Brownhill and Charles 
Garlick. Jack Armour entertained with 
song, story and recital. 

During the evening, Mrs. George Bow- 
ers and her daughter gave several instru- 
mental selections. 

Other entertainment features included 
2 sail on Lake Erie, visits to various large 
plants, a trip to Four-Mile creek and a 
trolley ride to Waldameer. Great praise 
was given to the local committee for its 
very efficient work. 

A room for the manufacturers’ exhibits 
was arranged so that the delegates and 
visitors passed through it on the way to 
the convention hall. The following ex- 
hibited: Garlock Packing Company; 
Quaker City Rubber Company; Sims 
Company; Crandall Packing Company; 
Excelsior Boiler Compound Company; 
Atlantic Refining Company ; Northwestern 
Pipe and Supply Company; H. W. Johns- 
Manville Company; Home Rubber Com- 
pany; United States Asbestos Company; 
Mechanical Rubber Company; Erie Manu- 
facturing and Supply Company; V. D. 
Anderson Company; Trill Indicator Com- 
pany; William Powell Company; Greene, 
Tweed & Company; Jenkins Brothers; 
Jarecki Manufacturing Company ; Lunken- 
heimer Company. 


ladies 





Leaky gasolene tanks can be temporarily 
repaired by the use of common yellow 
soap. Gasolene will not affect soap and 
if the latter merely is pressed into a leak 
the opening will effectually be stopped up. 
In the absence of shellac, soap is an ex- 
cellent article to use in making up gaso- 
lene-pipe joints.—Nautical Gazette. 





From March 15 to May 10, inclusive, 
the Fidelity and Casualty Company re- 
ported 38 boiler explosions in the United 
States, exclusive of railroad locomotive 
boilers. The loss of life approximated 20 
persons. 
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A Cracked Flywheel Rejected 


In looking over and inspecting a large 
flywheel for installation in your plant 
would you reject a wheel containing num- 
erous, although not serious, blowholes and 
a small crack in the lug joining the two 
halves of the rim together? Would you 
accept a wheel from the manufacturer 
and take the responsibility for the destruc- 
tion to property and the loss of life that 
might ensue if the defect should prove 
serious and the flywheel explode during 
some period of its operation? A conser- 
vative engineer who wished to take no 
chances would undoubtedly reject a wheel 
of this character and turn it back to the 
manufacturer. This is what actually hap- 
pened in a case tried before the supreme 
court in New York City. A certain works 
in Massachusetts required tooo horse- 
power to drive its new mill, which was 
to be supplied by a twin gas engine de- 
signed for producer gas. The wheel, which 
was to be mounted between the two en- 
gines of this unit, was to be a combina- 
tion flywheel and rope drive. Flywheels 
of this special type were not made by the 
gas-engine company, and the contract for 
the wheel was let to a prominent builder 
in this line. The wheel was to be 17 feet 
in diameter on the pitch circle and have a 
maximum diameter of 17 feet 3 inches. 
Its weight was to be about 50,000 pounds 
and it was to deliver 1000 horsepower at 
100 revolutions per minute. In reality it 
was a double wheel with one of the wheels 
split horizontally, and the other vertically, 
so that it contained four sections. On its 
5-foot face were 24 grooves for 134-inch 
rope. The two wheels were bolted to- 
gether: at the rim and also bolted at the 
joints of the rim and hub, and in addition 
tie rods joined the hub and rim at the 
joints. The general construction and the 
section of the rim at the joints will be 
apparent from Fig. 1, which is only ap- 
proximate and was sketched from models 
used in court. For convenience the 
maker of the flywheel will be called the 
plaintiff and the gas-engine company the 
defendant. 

In due course of time the wheel was 
ready for inspection and the defendant 
sent its representative to examine the 
wheel, which was completely erected on 
the pit lathe of the plaintiff. * After a 
careful inspection three of the castings 
were pronounced good, but the fourth 
casting contained as many as 19 scab 
spots in various parts of the rim and hub, 
the maximum depth being 34 inch. These 
spots were not considered serious enough 
for the rejection of the wheel, and upon 
provision that these spots should be filled, 
the wheel was virtually accepted and was 
shipped for its destination in Massa- 
chusetts. 

It was not until the wheel was being 
unloaded that the engineer of the Massa- 
chusetts company detected the crack in 
the lug at the rim joint. This was clear- 
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ly evident upon the machined surface of 
the lug, but on the exterior could hardly 
be detected on account of the paint and 
dirt covering the casting. As shown in the 
sketch, Fig. 2, the crack ran through the 
lug parallel with the bolt holes and ap- 
parently continued for 4 inches from the 
edge of the lug on the machined side and 
about 2 inches on the exterior. These 
dimensions for the visible crack are prob- 
ably correct, as they were determined by 
the use of a magnifying glass, but there 
was much discussion on this point, and 
it was claimed by the plaintiff that the 
crack extended only 2 inches on the ma- 
chined side and about 1 inch on the ex- 
terior. The crack was at once reported, 
and as the two manufacturing companies 
were not able to reach an amicable settle- 
ment the lawsuit followed in an attempt 
by the plaintiff to collect the money for the 
wheel. 
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tensile strength of 20,000 pounds per 
square inch was taken for the iron in 
the wheel, and no internal stress was as- 
sumed, and by the use of these formulas, 
which were all based on Hooke’s law, 
numerous factors of safety for different 
parts of the wheel were determined. 

The results obtained and given in the 
evidence are reproduced in the following 
table : 


Weight of whole rim, Ib.......... 28,400 
Weight of rim, lugs, Me de bicy 1,900 
Complete weight of rim, lb........ 30,300 
Centrifugal force of } of rim or half 

OF GUS MOGTIOR, BD. 0 .in so cccccics 219,640 
Rim speed in feet per minute...... 5,341 
pare I Ere ere 100 
Area of 12 parting bolts, sq.in..... 42 
Breaking load of bolts at 40,000 lb. . 

PER Me 00508 ase areses as 1,680,000 
eS eee ere 7 
Area of five arms at rim, sq.in..... 102 
Breaking load of arms at rim at 

20,000 Ib. per sq.in., Ib......... 2,040,000 
eT errr re 9 
Complete weight of arms, Ib...... 12,000 
Centrifugal force of five arms, lb... 41,180 


— 
\ je 1 
| 24-1% Ropes | 


| 

















FIG. I. 


After the wheel had been placed on 
the flat cars ready for shipment, it was 
claimed by the plaintiff that its responsi- 
bility ended, and this, of course, would 
have been the case if the crack had been 
visible during the inspection of the de- 
fendant. The crack was not visible, how- 
ever, as during this inspection the wheel 
was assembled, and according to law the 
plaintiff was still responsible for any de- 
fect that was hidden or concealed. 

Secondly, the plaintiff claimed that it 
did not make any difference, anyway, for 
the crack was not dangerous and was not 
at all a serious defect, and an attempt was 
made to show that the wheel was per- 
fectly safe, by the usual formulas for 
centrifugal stress applied to a free rim, 
then to a spoke, and to the bolts; or, in 
general, to different parts of the wheel 

nsidered free of the other parts. .A 


Double Wheel, 12 
Grooves in each Half. 


GENERAL CONSTRUCTION AND SECTION OF RIM 


Power, N. Fs 

Centrifugal force of } of rim or 4 of 

one section, including centrifugal 

eS Cee 260,820 
Area of section of web, reduced by 

scab hollows in wheels, sq.in... . 300 
Area of reduced sections of arms at 

hub due to scab hollows, sq.in.. . 200 


Present factor of safety at reduced 

web to take centrifugal force of 

arms and rim with iron at 20,000 

ey ear 24 
Present factor of safety of arms at 

reduced web to take centrifugal 

force of arms and rim with iron 

at 20,000 Ib. per sq.in.......... 15 
Weight of cantilever formed by 

overhang of rim at parting line 

from first arm one side, one sec- 


ri ehcd eee ohne 6 ak apie ho he 950 
Centrifugal force of above section, 
De Nhe De ee Rr Sere 26,000 
Breaking load of section of above 
ortion of rim at arm, ignoring 
olt and tension rod, in.-lb..... 720,000 
Bending moment, in.-lb.......... 351,000 
Pacter OF GAIT... 05s cc cvcrsre 2 
SS SPCC Te eT + 
Considering the portion of rim be- 
tween arms at parting for one sec- 
tion only with improved tension 
rod. Centrifugal force between 
arms at parting, Ib............ 52, 
Area of tension rods, sq.in........ 3.81 


Breaking load of tension rods at 


40,000 Ib. per sq.in., Ib....... Kis 
Factor of safety, neglecting bending 

‘moment of rim at arms and rim 

ee ST oe ee 3 
Factor of safety to hold rim between 

= at parting, neglecting rim 


In reply the defendant stated that there 
must have been internal stress, as the 
wheel evidently had a shrinkage crack, 
and if this was the case 20,000 pounds 
tensile strength was much too high for 
exterior loading in addition to the inter- 
nal stresses. It was also contended that 
the formulas used did not show anything, 
as they did not apply to a complete wheei 
with the restraints of one part figured over 
the others. The rim instead of being a 
free rim was a continuous girder, under- 
going tension in addition to its bending, 
and it was a special girder because it was 
wider than its support, the spoke, and 
had two chances of bending; that is, 
when the wheel was in motion the metal 
near the two edges of the rim would tend 
to bend outward. There was no formula 
to take account of this unusual bending, 
and for that matter any of the formulas 
used in the case were true only to the 
elastic limit, and not to the breaking 
point, because all were derived from 
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Showing Crack in Lug 


FIG. 2 


Hooke’s law. In summation, such meth- 
ods of calculation as were employed by 
the plaintiff's expert did not prove the 
wheel to be safe, even if it were a per- 
fect wheel, and the wheel in question 
was imperfect, so that the formulas could 
not possibly apply. 

It was practically admitted that the de- 
fect was a shrinkage crack, and it was the 
claim of the defendant that there was 
no way of telling how deep it was, how 
far it would go, or in what direction. The 
plaintiff offered to cut out the crack, but 
the same objection still remained. If the 
crack should go through the flange and 
across part of the rim, the wheel would 
surely break, as the velocity of the rim 
was 89 feet per second. The defendant 
did not know whether the wheel would 
explode or not, but it had a crack, and 
as this crack was in cast iron, the chances 
were good that it would break, and any 
conservative engineer, in spite of any cal- 
culations to the contrary, must reject the 
wheel. These of the 


upheld by the jury. 


views case were 
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rinciples of Steam Condensers’ 


Some of the Essential Features Which Make for Efficiency and Econ- 
omy, Both as Regards Design and Operation of the Apparatus 
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The fundamental principle of design 
and operation of steam condensers is to 
secure a maximum transfer of heat from 
steam to water at a minimum of expense 
for fixed charges; that is, minimum first 
cost plus operating expenses. The choice 
of this apparatus depends in greatest 
measure upon the vacuum obtainable 
under different atmospheric and weather 
conditions, and when cooling towers are 
to be used in the design of apparatus al- 
lowance must be made for these conditions 
and apparatus selected which averages 
best under all conditions. 

The cost of pumping the circulating 
water depends directly upon the amount 
of heat imparted to each pound of water 
in the condenser. Therefore, for a 
minimum of pumping cost, the water 
should leave the condenser exactly, at 
the temperature of the steam entering 
the condenser, for in this case each pound 
of water carries from the condenser the 
maximum possible amount of heat and 
the amount of water required is therefore 
reduced to a minimum. In practical de- 
sign, therefore, the condenser should be 
laid out with a view of obtaining this 
result as nearly as practical conditions will 
permit. In the surface-type condenser, 
where the heat is transferred through 
metallic tubes, it is necessary to allow for 
a certain differential of temperature be- 
tween the steam and water, and the 
amount of heat transferred is directly 
proportional to the differential tempera- 
ture allowed. If the differential tempera- 
ture is 5 degrees, the surface required will 
be twice as great as in a case where 10 
degrees differential temperature is al- 
lowed. The selection of proper amount of 
surface for any given location may be 
determined upon the basis of balancing 
fixed charges on additional surface against 
fixed charges and operating expenses of 
pumping apparatus. As the amount of 
surface is increased the cost will increase 
in definite proportion, while the dif- 
ferential temperature required will de- 
crease. The decrease in differential tem- 
perature permits of a reduction in the 
quantity of water to be pumped, and there- 
fore reduces both the size and first cost 
of the pumps and also the power required 
to operate the pumps. 

The problem is a special one for each 
installation and should be so considered. 

With the jet condenser it should be 


Gisietinamnian 

*Read before the National Electric Light 
‘Association convention, Atlantic City, N. J., 
June 1, 2, 3 and 4, 1909. 
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possible to reduce the differential tem- 
perature to a very few degrees, yet it is 
more common to find the difference great- 
er than in the surface condenser. It is 
common to see a jet condenser taking 
water at 75 degrees and discharging at 
or below go degrees when the tempera- 
ture of the steam is at least 110 degrees. 
Under this condition the discharge water 
should be raised to at least 105 degrees, 
in which case just half of the amount 
used would be required. The greatest 
inherent advantage of the jet condenser is 
wasted by operating in that manner. ‘The 
writer has seen tests on jet condensers 
where the differential temperature between 
entering steam and escaping water was 
less than two degrees over a wide range 
in load. When operating on a fluctuating 
load it may be advisable to allow a some- 
what greater differential temperature, but 
there seems to be no good reason why 


Steam per Kw. Hour 


20 21 22 23 24 25 26 27 
Vacuum in Inches 


23 «30 
Power, N.Y. 
WATER-RATE CURVE OF STANDARD IOQ00-KILO- 
WATT TURBINE WITH VARIATION OF 
VACUUM, STEAM PRESSURE 175 
POUNDS, SUPERHEAT 100 
DEGREES 


greater than five degrees. differential 
should ever be allowed in a_ properly 
designed condenser. The poor results 
ordinarily reported are due in large 
measure to carelessness on the part of the 
engineer, who simply starts the pump and 
then lets it run at constant speed. 

In selecting a condenser for any given 
location, the consideration of weather and 
climatic conditions, of quantity tempera- 
ture and quality of cooling water, at all 
times of the year, the variation in steam 
results on the unit for varying vacua, 
and the load conditions of the unit to be 
operated, are all of importance. The 
question of floor space has an effect upon 
the size and cost of buildings, and the 
ground space is often a most important 
item where ground is very valuable, as in 
the large cities. 

The weather and climatic conditions are 
particularly important where cooling 
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towers are to be used, as will be discussed 
later. The consideration of the water 
supply is of greatest importance. The 
quality of the water must be carefully 
considered. If the water is inclined to 
scale or to deposit solids when heated, 
the jet condenser is better suited to its 
use. If, on the other hand, it does not 
give trouble from this source at the tem- 
peratures employed in condensers but does 
cause scaling or pitting in the boilers, it 
is a distinct advantage to use a surface 
condenser and save the condensation for 
use in the boilers. In this connection, 
however, it is interesting to note that if 
the water being used over and over again 
is not allowed to come in contact with the 
air, there is a chance for it to become a 
very pure distilled water, which would 
very rapidly eat out iron pipe and would 
attack the iron in the boilers if it were 
still very free from all impurities when 
it entered the boilers. It is a well-known 
fact that pure distilled water will attack 
more or less any metal, and has an 
especially harmful effect on iron and steel. 
Under ordinary conditions, where the 
water is discharged into an open pump 
and then pumped into the heater, very 
little trouble should be occasioned from 
this source. 

The temperature and quantity of water 
available are important factors. Where 
the quantity is at all limited it is de- 
sirable that the condenser should be de- 
signed with a view to imparting to each 
pound of water the greatest possible 
amount of heat. The maximum tempera- 
ture of the water is the most important 
factor in determining the size of pumps. 
Where condensers draw their water sup- 
ply from sources in which the temperature 
runs very high during summer months 
it is again very important to impart the 
greatest possible amount of heat to each 
pound of water in order to avoid the nec- 
essity for installing and operating an ex- 
cessively large pumping installation. Hav- 
ing given the maximum temperature of 
the water, it is a matter of considerable 
work to figure out the best installation. 
It is often necessary to operate at lower 
vacua during summer months, and it is 
often found that many plants do cperate 
on lower vacua than would be necessary 
if the condensers were properly designed 
and operated. In order to determine the 
size and best operating conditions the ef- 
fect of a reduced vacuum on the steam 
results of the unit during those weeks or 
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months when the temperature of water 
is high must be considered. 

The accompanying water-rate curve 
reading shows the effect of reduction of 
vacuum upon the economy of a standard 
steam turbine of 1000 kilowatts capacity, 
with 175 pounds steam and 100 degrees 


superheat. 
These data are also summarized as 
follows: ; 
Steam Increase Approx. 
per HourOver Con- Tempera- 
at Full sumption ture 
: Rated on 29- Exhaust 
Vacuum, Load, Inch Increase, Steam, 
Inches. Pounds. Vacuum. Per Cent. Degrees. 
29 Ss aoe italeoe 77 
28 16,550 1,200 7.8 100 
27 17,50) 2,150 14 116 
26 18,550 3,200 20.8 124 
25 19,350 4,000 26 132 
24 20,000 4,650 30.3 140 
23 20,600 5,250 34.2 146 
22 21,100 5,750 37.5 151 
21 21,600 6,250 40.8 157 


Allowing for the differential tempera- 
tures required in condenser and tower and 
for the temperature of the water, the 
amount of water required for any given 
vacuum over that of the next lesser 
vacuum can be determined and the bene- 
fits compared with the costs of obtaining 
it. 

It is often possible to effect a very ma- 
terial saving in cost and size of con- 
densers by allowing for a reduced vacuum 
when the temperature of the water is 
high. It becomes then a problem of 
balancing the added cost of fuel, and the 
like, against the fixed and _ operating 
charges on the condensing equipment to 
determine the most economical installa- 
tion. If the water rate of the unit is 
carefully determined by test or can be 
accurately forecasted by manufacturer’s 
guarantee, the cost of fuel to generate 
the additional steam required can be 
estimated easily. Then by plotting the 
temperature curve of the water supply and 
allowing for a fair differential tempera- 
ture, the quantity of water required to 
condense the steam for full load of the 
unit can be figured for each season of 
the year. By comparing this with the 
fuel costs noted above, the final selection 
can be properly determined after securing 
estimates or proposals on various sizes 
of condensers and pumps. 

Since the introduction of the steam tur- 
bine, the condensing problem has become 
doubly important. With engines the gain 
in economy by the last one or two inches 
of vacuum is relatively very much smaller 
than with the turbine. Furthermore, the 
reduction in first cost, floor space, and the 
like, have demanded different types of 
condenser. The introduction of the low- 
pressure turbine also emphasizes the im- 
portance of high vacua essential to their 
successful operation. 

The daily and annual load factor on 
the unit also have an important bearing 
on the condenser. Where the unit is to 
be operated continuously at or near full 
load the conditions noted above will apply, 
but where the load is fluctuating and 
averages considerably below the rated ca- 
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pacity, the effect on economy of the unit 
has important bearing only at hours of 
full or heavy load and should be con- 
sidered only for those hours, because the 
water supply will be ample at other times. 
,» The design of an air pump or dry- 
vacuum pump involves the general fea- 
tures of the air compressor. The varia- 
tion in intake and discharge pressure is 
not great, but the volumes to be handled 
are enormous, owing to the low pres- 
sures. The important items outside the 
pump itself are, first, to keep the piping 
system from the point where the pressure 
goes below atmosphere to and including 
the condenser and its auxiliaries as nearly 
bottle-tight as possible, and, second, to 
cool the air entering the pump and re- 
move from it as much of the water vapor 
as possible. The first question is one 
of careful attention and inspection, and is 
often a very greatly neglected point in 
plant operation. If the engineer properly 
inspects the system daily and watches the 
mercury column or gage closely, he can 
very quickly detect any unusual amount 
of air leakage. Yet it is common to note 
the falling off of one to three inches in 
vacuum before any attention is paid to the 
matter, when a fraction of an inch should 
be an indication that something is wrong 
and requires immediate attention. 

The second essential, namely, the cool- 
ing of the air and separation of the mois- 
ture, is a matter that must be considered 
in the design of the condenser itself. 

In the jet condenser, particular atten- 
tion should be given to the air offtake, 
which should be so designed that all the 
air must pass in intimate contact with the 
cold water entering the condenser 
chamber. In the surface condenser, at- 
tention should be paid to the proper dis- 
tribution of baffle plates in order to ac- 
complish this result as nearly as possible. 
The writer is of the opinion that in many 
cases the air should be drawn off through 
a separate chamber, in which it is cooled 
as nearly as possible to that of the en- 
tering water. This would reduce the 
volume of the air itself and would greatly 
reduce the volume of water vapor, and 
would enable a: considerable reduction to 
be made both in the size of air pump 
and in the work the pump does. 

The compression in the air pump should 
approach as nearly as possible a true 
isothermal, in order to reduce the power 
required for its operation to a minimum, 

In operating an air pumpmany engineers 
start the pump, set it at its normal speed 
and let it run regardless of the load. 
The result is that the air pump does a 
great deal of unnecessary work, and at 
times it is pumping steam to a greater ex- 
tent than air. This can often be quickly 
checked by slowing down the air pump 
materially without any effect upon the 
vacuum. 

The surface condenser is used almost 
exclusively on all the large turbine in- 
stallations, and has given better results 
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than jet condensers ordinarily show. 
There seems to be no inherent advantage 
that would justify any appreciable dif- 
ference between the two types of con- 
denser. With the large turbine units the 
steam consumption per unit of output is 
as low as 14 pounds per kilowatt-hour, 
and upon this basis the amount of surface 
per kilowatt of capacity required is very 
much than in smaller units. With 
small units the ordinary installation re- 
quires 4 to 5 square feet of tube surface 
per kilowatt capacity, while on the large 
turbine the surface required varies from 
1.75 to 2.5 square feet. The reduction in 
first cost per kilowatt of capacity in large- 
sized units is great as 50 
per cent. The surface-condensing equip- 
ments installed in some of the larger sta- 
tions produce continuously vacua in ex- 
cess of 28 inches and have reached 29 
inches. 


less 


therefore as 


There seems to be no reason why a jet 
condenser not produce equally 
good results if properly designed. It is 
true that the work required of the air 
pump on a jet condenser installation is 
in excess of that’ required on a surface 
condenser, but the decreased amount of 
cooling water necessary should more than 
offset the disadvantage of the extra quan- 
lity of air. The first cost of jet con- 
densing equipment would not exceed 50 
to 60 per cent. of the cost of surface con- 
densing equipment, and the repairs and 
maintenance should be much smaller. The 
surface condenser requires more attention, 
the surface must be kept clean and the 
tubes tight, and the best results can only 
be secured by constant attention. 

A condenser of novel features has re- 
cently been introduced to this country 
from European practice. In this con- 
denser the design of the chamber in a 
measure resembles the ordinary barom- 
etric condenser, the chief novelty being 
in the pump unit. The water pump and 
rotary air pump are both mounted on the 
same shaft and can be directly connected 
to engine, turbine or motor, as desired, 
making a very compact and simple unit. 
Tests on this condenser have shown fre- 
quently that the discharge temperature of 
the water can be maintained between one 
and three degrees of the temperature of 
steam. 


should 


The selection of the pump-driving unit 
for any condensing installation must de- 
pend largely upon the other plant condi- 
tions. If the exhaust from these units 
can be advantageously used to heat 
the boiler feed water, the steam-driven 
pumps will invariably figure as the most 
desirable. Where the exhaust from other 
plant auxiliaries is sufficient for feed- 
water heating, or where economizers are 
used, the selection depends upon a com- 
parison of cost of motor and steam- 
driven pumps and of the expenses for 
operating them. The general features of 
the much-discussed motor- versus steam- 
driven auxiliaries enters into the problem. 
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POWER AND THE ENGINEER. 
A Standard of Excellence 





We sigh for the days of the arts and 
crafts, when artsmen and_ craftsmen 
labored for the love of it and produced 
for the pleasure of producing; when each 
man strove for excellence and each master 
for reputation, and the incentive was to 
turn out the best that could be made. 

It is more than likely that there never 
was such a time, but we like to think 
that there was; to admire the workman- 
ship of the old things which have come 
down to us because they were made in 
this way; and to say: “In those days 
they knew how to do a good job.” 

As a matter of fact, though, are not 
things done in this way now if one in- 
sists upon and is willing to pay for it? 

You want a job of steam fitting or 
plumbing done. The bids vary widely and 
you give it to the lowest bidder. The 
cheapest kind of labor and material that 
will satisfy the specifications are used. 
The “solid nickel” caps and sheaths are 
about as heavy as wrapping paper, and 
crumple up when one goes to polish them; 
the wiped joints leak; the fixtures won't 
stay fixed, and you are at a continual 
expense which would pay the interest on 
enough money to have done the job in 
gilt-edged style so that you could have 
been proud of it and not constantly fretted 
and annoyed by it. 

It is the same way with everything else. 
Ask for prices on leather belting and the 
bids will vary as much as one hundred per 
cent., but it is foolish to suppose that 
the low price will procure the same kind 
of a belt as the high one. For any but 
the most trivial and transient use the 
higher-priced belt made from the center 
of selected hides, properly tanned by a 
full-time process, is the cheaper to buy. 

Most purchasers realize this and are 
willing to pay the extra price for the all- 
wool, sterling, high-grade article, but they 
want to be sure that they are getting it. 
Put a Dunlap label into a new one-dollar 
hat and not one man in fifty will tell 
the difference. Give ten ordinary purchas- 
ers a half dozen samples of rubber hose 
and it is doubtful, if they are not experi- 
enced buyers of this class of goods, if 
the majority of them would select the 
same sample for the best. The price of 
cylinder oil is no gage of its quality or 
cost of production. Of two boilers which 
look the same to the casual observer one 
may have rivet joints of high efficiency 
and be built with carefully rolled sheets, 

reamed rivet holes and ample _ bracing, 
while the other may have a joint copied 
from another boiler, and not efficient for 
this one, put into a sheet tortured by 
battering, drawn together with drift pins 
and braced as came handiest. It costs less 
to make a boiler the last way; the boiler 
made the first way is worth additionally 
much more than the difference ; but how is 
the ordinary purchaser going to tell 








June 15, 1909. 


whether, when he pays the higher price, 
he is getting the superior quality? 

This subject was considered by the 
American Supply and Machinery Manu- 
facturers’ Association and the National 
Supply and Machinery Dealers’ Associa- 
tion at their recent joint meeting in 
Pittsburg, a vigorous campaign having 
been instituted by Charles F. Aaron, 
of the New York Leather Belting Com- 
pany and president of the manufacturers’ 
association. After an extended considera- 
tion of the subject in the course of which 
the idea received many warm commenda- 
tions, it was decided to appoint a com- 
mittee, equally divided in its membership 
between the two societies, to investigate 
the subject. 

The discussion developed the opinion 
that it would be entirely practicable to fix 
certain specifications setting the standard 
for first-quality goods in certain lines and 
that manufacturers of goods made to these 
specifications might stamp them, with a 
distinguishing mark authorized by the as- 
sociation, in the same way that the trade 
name “Naco” is used by the confed- 
erated supply associations in the plumb- 
ing-supply trade. Such a practice, if 
the mark were protected against unwar- 
ranted use, if all manufacturers who con- 
formed to the specifications were free to 
use it, and if adherence to the specifica- 
tions were strictly enforced, would en- 
courage manufacturers to make honest 
goods out of honest material, and guar- 
antee the purchaser who was looking for 
real merit that he was getting the superior 
article for which he was willing to pay. 
The one thing which must be guarded 
against is that there shall be any war- 
rant for the impression which the non- 
users of the mark will seek to create 
that its use is restricted to a privileged 
few and not open to everybody who makes 
goods of the required grade of excellence. 





The Electric Light Convention 





The annual convention of the National 
Electric Light Association just held at 
Atlantic City was phenomenally success- 
ful. This is not the customary platitude 
inspired by a desire to be complimentary ; 
it is a bald statement of fact. The at- 
tendance was gratifyingly large, the in- 
terest in the sessions was unusually wide- 
spread and the quality of the program ex- 
cellent. Impartial consideration of the 
program prior to the convention, how- 
ever, disclosed a serious flaw, and at- 
tendance upon the sessions confirmed the 
prognosis. There were too many papers 
for the length of time available for their 
consideration. Two of the morning pro- 
grams of the general and technical ses- 
sions provided seven papers each and the 
third one contained eight. Now, it is ab- 
solutely impossible to devote anything 
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like intelligent consideration and discus- 
sion to such a number of papers within 
the allotted space of three hours. Every 
paper and committee report presented at 
this convention was of high merit and real 
importance, but many of them had to be 
railroaded through—read in skimpy ab- 
stract and undiscussed—because there was 
no time left for adequate treatment. 
While it may seem deplorable to omit or 
postpone the presentation of some good 
material, that would be far better than 
congesting the program to such an extent 
as to neutralize a large proportion of it. 
The report of the committee on gas 
engines, while of undoubted value to many 
of the disappointing to 
those who were already familiar with the 
ceneral status of gas-power engineering. 


delegates, was 


Some operating records from gas-power 
plants, which the committee had collected 
by much hard work, and which constituted 
by far the most valuable feature of their 
work, were transferred from the regular 
report to a supplementary confidential re- 
port presented to the executive committee 
of the association. Of course have 
no knowledge of the character of the sup- 
pressed records, but we cannot conceive 
any good reason why the data from any 


we 


properly operated gas-power plarit should 
be treated with such uncanny secrecy. 
Whether the records would have caused 
apprehension in the ranks of steam-engine 
builders or consternation on the part 6f 
eas-engine and producer men we have not 
the remotest idea; but, having been ac- 
quired for the information of the associa- 
tion at large, they should have been pre- 
sented to the association at large and not 
1estricted to the executive committee. 
Mr. Smoot’s paper on turbines, to be 
printed in next week’s issue, deals very 
frankly with the characteristic features of 
the several types of steam turbine, and of- 
fered excellent opportunity for a lively dis- 
cussion which might have served to put on 
record a fairly complete summary of the 
turbine situation. Apparently the advo- 
other than the Rateau 
were out sailing or fishing and couldn't 


cates of turbines 


get back in time. At any rate the dis- 
cussion was not enlightening. 
This brings to mind another point 


sessions of this association 


the 
(and several others) are sometimes weak. 


wherein 


No effort seems to be devoted to securing 
the presence of men especially qualified 
and willing to discuss important papers. 
It is easier to advise than to achieve, of 
course, in all cases, and we appreciate the 
difficulty of assuring the attendance of 
busy engineers; but we feel impelled to 
emphasize the fact that the quality of the 
proceedings would be greatly enhanced 
if some means could be devised to pro- 
‘ure the codperation of more of the right 
men in the matter of discussing the 
The real usefulness of these 
ineetings depends very largely upon the 
discussions, which should bring out valu- 
able information not otherwise obtainable. 


papers, 
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Gumption 


At a time when the results of the late 
depression are still felt and many a steady, 
capable engineer is looking for a job, 
there is a cry abroad in all the 
land for men with “gumption.” 

The man knows the joy of a. 
task well done, the man who does not be- 


wide 
who 


lieve that there is just as much in getting 
rid of a job as there is in doing it; the 
man who takes an intelligent interest in 
what is going on about him; the man who 
sees what has to be done and tries harder 
to help to do it than to frame up an ex- 


cuse for not doing so——that is the man 
with “gumption.” Oh, that there were 


more of him. 

Give the man with gumption a job and 
you can forget it in the confidence that 
it will be done. Give the other fellow the 
same job and six weeks afterward, upon 
a casual inquiry as to the progress of 
the work, you will find in all probability 
that the job has never been started. Some 
trifling difficulty, which the man of gump- 
tion would have gone ahead and solved, 
has stood in the way, or perhaps your 
question will receive the answer so com- 
mon with a man of this type, “I have not 
got around to it yet.” “Tomorrow” is 
his favorite expression, and so often the 
tomorrow referred to never comes. Then 
again there are men with just a little 
more activity. The job will be started, 
but done in the easiest way. Thorough- 
ness and good workmanship are not in- 
corporated in their code of morals, and 
the result is a slovenly piece of work or 
a temporary makeshift when repairs are 
necessary. 

To operate a power plant with economy 
requires men of gumption. 
room for the slothful, 
put-it-off type. When 
the safety valve sticks, 


There is no 
lazy ones or the 
a boiler bags or 
it is necessary to 
correct the evil, not in a day or two, but 
at once, if the cost of repairs or the safety 
of the plant are given due consideration. 
Watch the water level and fire frequently 
in small amounts. Do like the 
lazy but most ingenious fireman who doted 
on his easy chair and the coolest place 


not do 


in the boiler room. An electrical connec- 
tion to the steam gage and a bell on the 
bottom of his chair notified him when the 
pressure had dropped to a certain point 
and thus served to space the intervals of 
firing. 
as it 


The feed-water pump could run 
pleased, but was generally given 
attention after the furnace was 
filled with coal. A half-hour’s sleep was 
frequently obtained throughout the day, 
and what did the of fuel or the 
life and safety of the boiler amount to 
when compared with his comfort? Better 
use your ingenuity to a better purpose, 
and if you know the safety stop on the 
engine will not work, take the necessary 
time to fix it, not within a week or per- 


some 


cost 
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haps a month, but at the earliest possible 
moment. 

The man of quick wit or ready percep- 
tion, the man who sees quickly what is 
to be done and has the energy to go ahead 
and do it, is the man who will make his 
way. There is always demand for men 
of quality and of gumption. 





Give Boilers the Hydrostatic 
Test Often 





While in the discharge of his*duty, a 
boiler inspector applied hydrostatic pres- 
sure to a boiler which showed no signs 
of weakness or deterioration beyond a 
leaking rivet which repeated calking had 
failed to make tight. Slight leaks around 
rivets are not usually considered serious 
defects and when calking fails to stop the 
leak, new rivets are put in, as a matter 
of course, and the job considered as done. 

In the case mentioned, pressure was ap 
plied before putting in new rivets, per 
haps to determine if other rivets might 
need replacement, with the result that at 
three pounds above the working pressure 
a crack about two feet in length opened 
in the overlapping sheet, close to the line 
of the edge of the rivet heads. 

Failing, as this boiler did, at a pressure 
of only three pounds above that at which 
the safety valve suggests that 
the hydrostatic 
test of boilers might not be bad practice. 
Like the bath 
month whether he needed it or not, would 
it not 


was set 


periodic applications of 
who took a 


man once a 


be a good plan to apply water 
pressure fifty per cent. in excess of the 
regular working pressure to all boilers 
once a year whether it is considered nec- 
essary or not? 

It is generally understood that the de 
velopment of cracks in the overlapping 
sheet is gradual and it is probable that a 
pressure fifty per cent. in excess of the 
regular would reveal 
a weakness in the sheet before it became 
dangerous. Where a factor of safety of 
four or five is chosen, the application of 
a pressure one-third of itself above the 
working pressure will probably not ap- 
proach the elastic limit of the material of 
which the boiler is made and thus when 
applied permanently deform the boiler; 
and if this be true, it could do no harm 
and would in all likelihood be productive 
of much good. 

In the case of the 
Lynn (Mass.) the attention 
was drawn to the cracked sheet by escap- 
ing steam after the crack had gone clear 
through. 


working pressure 


Harwood boiler at 
engineer's 


Had a water pressure been put 
on the boiler six months or a year be- 
fore this, it is probable that the crack, 
which had been slowly penetrating the 
sheet, would have vielded to the excess 
pressure and shown that a supposedly safe 
boiler was in reality in a seriously danger- 
ous condition. 
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Power Plant Machinery and Appliances 


Original Descriptions of Power Devices 
No Manufacturers’ Cuts or Write-ups Used 





MUST BE NEW OR INTERESTING 


The Tower Gas Engine 





The Tower Engineering Company, of 
Buffalo, N. Y., one of the latest additions 
to the list of gas-engine manufacturers, 
is building a line of multicylinder vertical 
engines of the general type illustrated 
by Fig. 1. The engines are all single- 
acting, with long trunk pistons, and op- 
erate on the four-stroke cycle. Contrary 
to the common practice in engines of the 
single-acting type, the valves are operated 
by means of eccentrics and wiping rockers 
instead of revolving cams and rollers. The 
valve-gear shaft is mounted in a housing 
alongside the cyltinder tops, as indicated 
in Fig. 1 and shown more definitely in 
Fig. 2. The latter engraving also illus- 
trates the construction of the water-cooled FIG, 3. INLET AND EXHAUST VALVES AND CAGES 











\ 
\ 
SY 
Power, N.Y. 
FIG. 5. GOVERNING MECHANISM 
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“skipping” at light loads, due to the lean 
mixture. Fig. 5 illustrates the governor 
mechanism. The face-plate P is mounted 
on: the end of a small shaft which is 
rocked by the inward and outward mo- 
tion of the governor balls and is provided 
with an arm 4 which engages with a 
helical spring opposing the outward move- 
ment of the balls. This spring is ad- 
justable, by means of the thumb-nut JN, 
to regulate the engine speed, and it is 
merely auxiliary to a pair of main gov- 
ernor springs inside the casing (see lig. 
2), which supply most of the opposition 
to the centrifugal force in the balls. Across 
the face-plate P is an under-cut slot in 
which is mounted a graduated bar, B; the 
position of this bar is adjusted by means 
of the thumb screw 5S, and upon its posi- 
tion depends the relative motion of the 
gas- and air-control valves when the gov- 
ernor changes its position. 

Pivotally attached to the ends of the 
bar B are two reach rods which actuate 
the air and gas valves in the two chambers 
marked “Air” and “Gas;” if the governor 
shifts the upper end of the bar B to the 
left (due to an increase in speed), the air 
valve will be opened wider and the: gas 
valve partly closed; simultaneously, the 
point of ignition will be advanced by 
means of the supplementary reach rod / 














extending to the magneto. The air- and 
FIG. I. TOWER GAS ENGINE 


exhaust valve, the ribbing of the cylinder 
water jacket and some features of the 
lubricating system, referred to later. 

The inlet valves are of the usual solid 
poppet type, set in removable cages, and 
the exhaust valves are of the hollow 
mushroom type. Each inlet-valve cage 
contains a piston mixing valve immediate- 
ly above the main inlet valve, as illus- 
trated at the left in Fig. 3, which shows 
an inlet valve, a mixing valve and an 
exhaust valve, removed from their cages, 
and also an inlet cage and exhaust cage 
complete with valves. The small stem 
with a piston-shaped block on the end, 
shown at the extreme right, is the water- 
inlet tube which fits into the stem of 
the exhaust valve as shown in Fig. 4; 
the block on the end is a head containing 
the water inlet and outlet channels, which 
are connected by flexible tubing with the 
stationary water pipes. 

Speed regulation is obtained by alter- 
ing the supply of gas and air in op- 
posite directions; that is, when the load 
falls off, causing an increase in speed, 
the governor reduces the gas supply and 
increases the air supply. The compres- 
sion is not maintained constant, however, 
as is customary with this general 
method of governing; when the gas sup- 
ply is reduced the air supply is increased 








Exhaust Gas Boiler for 
Recovering the Waste 
Heat and Trausform- 
ing it into Hot Water 
or Steam, 


we a 










{o a greater extent than that necessary 3 

to keep the total mixture constant, with 2 

the result that the compression pressure > Ht: Yj Yi ty Power, N.Y. 
nie ’ MMMMWWV-CMVC=VV€VMT=ZITIJUlU™” UY Y : 

is actually higher at light loads than at ree 


full load. The object of this is to avoid FIG. 2. SECTIONAL ELEVATION OF TOWER GAS ENGINE 
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gas-control valves are of the spool type, 
as indicated by the view through the 
broken-away casing. The air and gas do 
not mix until reaching the inlet-valve 
cage, separate headers being provided 
along the cylinder heads. At the cage, 
the gas enters through the ports A and 
the air through the lower ports G. The 
mixing valve is provided with spiral ribs 
on the interior, which give the air and 
a whirling motion conducive to 
thorough mixing. 

Another unusual feature 
the Tower engine the 
mounting. The make-and-break 
is employed, with electromagnetic plugs, 
and two plugs are provided in each cyl- 
inder. Both plugs are mounted in a single 
flanged disk which is set into a cage 
bolted to the cylinder head, as indicated 
in Fig. 6. The terminal of the ignition 
circuit is fixed on the igniter cage and the 
disk containing the two plugs may be 


gas 


embodied in 
spark-plug 
system 


is 











FIG. O. IGNITER-PLUG MOUNTING 






rotated in the cage so as to bring either 
plug into with the terminal. 
Should a plug become fouled or inactive 
from any cause, the other plug may be 
at once put into service by rotating the 
disk 180 degrees. Low-tension current is 


contact 


used, of course. 

Fig. 7 shows a piston and top and bot- 
tom views of a cylinder head; in the latter, 
the gas- and air-inlet channels and the 
exhaust channel are clearly shown. 

The connecting rod is of the marine 


type, as shown in Fig. 2, with the “big 
end” divided and bolted together and 


the upper end slotted out of the solid 
piece. The adjustments for wear are 
obvious. 

The water jacket carries a spiral rib on 
the inside to compel thorough circula- 
tion of the cooling water. The cylinder 
barrel proper is a liner having a flange a 
the upper end which is clamped between 
the head and the main casting forming the 
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jacket wall; the latter, of course, takes 
the stresses of operation, and is bolted 
to the crank case by a large number of 
nickel-steel studs. 

Lubrication is positive throughout the 
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tributing air valve for controlling the 
compressed starting air. This valve 
actuated by special cams carried on a 
sliding sleeve that can be thrown into 
and out of commission by a small lever 


is 
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FIG. 4. 


engine. Oil pipes extend from a force- 
feed pump to the gudgeon pin, the crank- 
pin, the cylinder walls, the main bear- 
ings and the governor bearings. 

The engine is equipped with a dis- 


ARRANGEMENT OF 








EXHAUST VALVE 


that simultaneously opens or closes 4 
master valve in the main air 
pipe, located in the head of each cylinder 
in a check valve; and when the mastet 


air valve is opened and the distributin 


" Tes 
supply 


, 
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valve thrown into position, the cylinder 
that is on its working stroke receives the 
starting air just after passing the latest 
ignition point; and when a cylinder picks 
up an explosion cycle the higher pressure 
of the explosion holds the check valve shut 
against the starting air pressure. 





Boiler Explosion at Dowagiac, 


Michigan 


A disastrous boiler explosion occurred 
at the hoop mill of Geesey Brothers & 
Coble, Dowagiac, Mich., on the afternoon 
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proprietors shouted to the engineer to 
shut 
quickly 


He ran to the engine and 
the throttle, when 
mediately, before the engine had ceased 
turning over from its own momentum, 
the explosion occurred. 
equipped with a 


down. 


closed im- 


The boiler was 
high- and 
alarm and a pop safety valve, the latter 
being screwed directly into the shell of 
the boiler in front of the dome. It was 
positively stated that neither the high- 
low-water valve 
was blowing at the time of the explosion. 

It was a horizontal return-tubular boil- 
er, 36 inches in diameter, by 12 feet long, 
with double-riveted lap seams, installed 


low-water 


nor alarm nor. safety 
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the past two stated that he had 


never been able to find any defects in the 


years, 


boiler, that the sheets were not burned or 


blistered, and that the high- and low- 
water alarm and safety valve had al- 
whys worked satisfactorily for him, the 


safety valve blowing at 120 pounds, 100 
pounds being the working pressure. 

It seems reasonable to assume on the 
that the boiler had a defect, 
not easily apparent, presumably in one 
of the and that the additional 
strain caused by the sudden stopping 
of the engine was sufficient to disrupt it, 


evidence 


seams, 


as had the boiler been perfectly’ sound it 


should have been able, with its small 








of May 26, instantly killing five men, 


two of whom were brothers and _ pro- 
prietors of the mill, and seriously in- 
juring one more, besides making a total 
wreck of the building. 


of the 


Another brother 
proprietors, who, by a_ strange 
coincidence was the nearest man to the 
boiler when it exploded, escaped with 
only minor injuries, and it is from him 
that an account of the events leading up 
to the catastrophe were obtained, the 
engineer being among the killed. 

It appears that the plant was running 
along under ordinary load when the belt 


to a planer ran off and one of the 


MICH. 


BOILER 


EXPLOSION AT DOWAGIAC, 
in an ordinary brick setting. It went 
up in the air, scattering brick in all di- 
rections, turned and came down 
through the roof of the plant about 30 feet 
distant, landing directly upside down on 
its steam dome. The age of the boiler 
was given as nine years. 


over 


Examination 
showed that it was not badly scaled, and 
that the general condition of the metal 
was good. It happened that the young 
man in charge at the time, and who was 
killed, was not the regular engineer, the 
latter being laid off temporarily. When 
seen, in regard to the accident, the en- 
gineer, who had operated the plant for 











diameter, easily to have withstood this 
treatment without injury. 





Indiana N. A. S. E. Convention 
Changed 





The Indiana State N. A. S. E. conven- 
tion, which was announced to be held at 
Indianapolis, will be held at Evansville, 
Ind., June 18, 19 and 20. Coincident with 
this meeting the annual outing of Evans- 
ville No. 7, N. A. S. E., will take place 
on June 20 at West Heights park. 
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New Jersey N. A. S. E. 


Convention 


The eighteenth annual convention of the 
New Jersey State Association of the Na- 
tional Association of Stationary Engineers 
was held at Odd Fellows’ hall, Hoboken, 
Saturday and Sunday, June 5 and 6, be- 
ginning at noon on Saturday. There were 
present delegates from Jersey City, Ho- 
boken, Elizabeth, Perth Amboy, Plain- 
field, Newark, Passaic, Trenton and Pater- 
son. 

Mayor Steil welcomed the delegates to 
the city, and gave them the freedom of 
the municipality, while ,Recorder John J. 
McGovern cordially seconded the mayor’s 
remarks. 

National Vice-President William J. 
Reynolds, of Hoboken, answered on be- 
half of the delegates, and the committee 
on credentials prepared its report. 

Dinner was enjoyed at 2 p.m., after 
which officers were elected, as follows: 
President, C. L. Case, of Plainfield No. 12; 
vice-president, Edward Sears, of Newark 
No. 3; treasurer, James J. Durkin, of 
Hoboken No. 5; secretary, John J. Reddy, 
of Jersey City No. 10; conductor, Edward 
De Groot, of Elizabeth No. 14; door- 
keeper, P. J. Mooney, of Jersey City No. 
10. 

Unfinished business was transacted at 
the 10 a.m. session on Sunday; at I p.m. 
a banquet was served, and at 2:30 p.m., 
the delegates went in a body to inspect the 
North German Lloyd liner “Kronprinz 
Wilhelm IT.” 

The State association was organized 
in 1891, and from a handful of mem- 
bers it is now one of the most power- 
ful organizations in New Jersey, having 
locals in every prominent city. 

Hundreds of delegates were present 
at the opening session and there was con- 
siderable enthusiasm over the reports of 
the secretary and treasurer, showing the 
progress made during the past year. Jer- 
sey City was chosen for next year. 





Naval Architects and Marine 
Engineers 


The summer convention of the Society 
of Naval Architects and Marine Engineers 
will be held at Detroit, June 24, 25 and 
26. Registration will be at the Hotel 
Ponchartrain, and the professional ses- 
sions will be held in the rooms of the 
Employers’ Association, Stevens building. 





“Creole’s” Turbines to Come Out 


Press reports state that the Curtis tur- 
bines in the Southern Pacific liner 
“Creole” are to be taken out and recipro- 
cating engines substituted. It is under- 


stood that the Fore River Shipbuilding 
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Company is preparing a statement for 
publication regarding, the “Creole’s” tur- 
bines, and those of the scout cruiser “Sa- 
lem.” 





Personal 





J. R. Bibbins has resigned as publicity 
enginéer for the Westinghouse Machine 
Company, to become associated with B. J. 
Arnold, director of appraisers of the 
Public Service Commission, of New York. 


J. N. Oswald, formerly of Buffalo and 
at present connected with the Nagle Cor- 
liss Engine Company, of Erie, has been 
elected a director and appointed manager 
of the Rapid River Light Power and 
Transit Company, with plant at Rapid 
City, S. D., but with offices at Wash- 
ington, Penn. He will leave for the West 
the middle of June and would like to get 
into communication with those supplying 
material for hydroelectric plants. 





Business Items 


The Ball & Wood Company, Elizabethport, 
N. J., has just issued a 22-page booklet, 6x9 
inches, describing and illustrating the Rateau- 
Smoot turbo-generator outfits about which 
so much has been published in recent issues 
of Power. The booklet, which is handsomely 
printed and illustrated, describes these turbines 
and generators in detail and may be had on 
application. 

The Macbeth Iron Company, of Cleveland, 
engineers, founders and machinists, builder 
of blowing engines, etc., and the Bruce-Meriam- 
Abbott Company, also of Cleveland, builder 
of gas engines, were consolidated on June 1, 
the name of the new company being the Bruce- 
Macbeth Engine Company. Both of the above 
companies have been long established in Cleve- 
land, and their amalgamation makes one of 
the largest and strongest companies of its kind. 
The Macbeth Iron Company dates from the 
year 1870, having been known until late years 
as Macbeth & Company; The Meriam-Abbott 
Company, predecessor of the Bruce-Meriam- 
Abbott Company, was organized in 1890, and 
has been one of the pioneers in the manufac- 
ture of the commercial gas engine and its devel- 
opment to the prescnt standard of perfection. 
It is the purpose of the Bruce-Macbeth Engine 
Company to continue the business of both of 
the former companies on a much larger scale 
than before. The manufacture and develop- 
ment of the gas engine will be continued and 
the former line of work of the Macbeth Iron 
Company, building of blowing engines and 
general machine and foundry work, will be 
conducted as heretofore. It is the intention 
of the new company to concentrate the two 
present plants at the former plant of the Macbeth 
Iron Ccmpany, on Center street, northwest 
Cleveland. Alterations to the present buildings 
will be made and several new buildings will 
be erected to accommodate the enlarged business, 
and the combined equipment of the two com- 
panies in one plant will make a very complete 
and modern shop. The officers of the company 
are as fotiows: President, W. C. Bruce; vice- 
president, C. W. Kelly; secretary and treasurer, 
C. J. Snow; manager, C. E. Curtiss. The above, 
with A. D. Macbeth, J. B. Meriam and F. A. 
Abbott, constitute the board of directors. Mr. 
Bruce, president, was formerly president of 
the Bruce-Meriam-Abbott Company; Messrs. 
Kelly, Snow and Curtiss retain the same posi- 
tions formerly held in the Macbeth fron Company. 


June 15, 1909. 
New Catalogs 


Kewanee Boiler Company, 
Catalog. Boilers. Illustrated, 
inches. 

Superior Iron Works Company, Superior, Wis. 
Circular. Superior shaking and dumping grates. 
Illustrated. 





Kewanee, 
78 pages, 


lll, 
6x9 


The Roto Company, Hartford, Conn. 
tin No. 1. Tube cleaners. 
6x9 inches. 

Atlas Engine Works, Indianapolis, Ind. Cata- 
log. Engines and boilers. Illustrated, 96 pages, 
8x104 inches. 

Nelson Valve Company, Wyndmoor, Philadel- 
phia, Penn. Catalog. Valves. Imlustrated, 220 
pages, 6x9 inches. 


Bulle- 
Illustrated, 8 pages, 


S. B. Patch & Sons Company, Streator, Il. 
Catalog. Patch rocker grate. Illustrated, 16 
pages, 4x9 inches: 

Motsinger Rotary Engine Company, Greens- 
burg, Penn. Circular. Motsinger double rotary 
engine. Illustrated. , 


The Linton Machine Company, 26 Cortlandt 


street, New York. Pamphlet. Komo steam 
traps. Illustrated, 34x6 inches. 
The North American Boiler Company, Chi- 


cago, Ill. 


Catalog. Improved standard safety 
boilers. 


Illustrated, 7x10 inches. 





Help Wanted 


Advertisements under this head are inserted 
} Mang cents per line. About six words make 
ine. 


SELLING ENGINEER wanted for steam 
condensers. Schutte & Koerting Co., Phila- 
delphia, Pa. 

WANTED—Thoroughly — competent 
specialty salesman; one that can _ sell: high. 
grade goods. Address ‘‘M. M. Co.,” Power. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

EXPERIENCED steam engineers to sell 
Detroit tilting steam traps to users. _ Address, 
Stating experience, American Blower Company, 
Detroit, Mich. 


steam 


Situations Wanted 


Advertisemenis under this head are inserted 
ag 25 cents per line. About six words make 
a line. 


WANTED—Position as stationary engineer. 
Am proficient; twenty years’ practice with Buck- 
eye, Brown and Corliss engines; have own tools 
and indicators; a thorough pipefitter and good 
repairer; temperate and industrious. Am N. 
A.5S. E. man in good standing. Box 61, Power. 

POSITION as constructing or chief engineer, 
or superintendent of building or buildings; 
New Jersey preferred. Best of references 
as to character and ability. Box 60, Power. 

YOUNG MAN, age 25, desires position as 
engineer in charge of office or loft building. 
A. H. Perna, 422 6th Ave., New York. 

POSITION—Single man, eight years’ experi- 
ence, steam-electric plants as chief and assistant. 
Good references, speak Spanish, prefer Mexico, 
Hawaii or Spanish country. Employed steam 
turbo-electric plant in Mexico. Address “R,” 
Box 184, Seneca, Kans. 


Miscellaneous 


Advertisements under this head are inserted 
for 25 cents per line. About six words mak. 
a line. 

WANTED—From 500 to 1500 horsepower 
of B. & W. water tube boilers in units of 250 
horsepower each. Must be in A-1 condition. 
Inquire of J. F. Cargill, Room 1630, Frick 
Building, Pittsburg, Pa. 

PATENTS secured promptly in the United 


States and foreign countries. Pamphlet of 
instructions sent free upon request. C._ L. 
Parker, Ex-examiner, U. S. Patent Office, 


McGill Bldg., Washington, D. C. 
WANTED—Any concern having a _ small 
Corliss engine, say, from 75 to 125 horsepower, 
that anticipates taking this engine out for a 
larger unit within the next few months, may 
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Sioux Falls Hydroelectric Development 


Vertical Spiral Case Turbines Designed for a 70-foot Head Installed 
in a Plant Arranged to Take Care of Extremely High Flood Water 


B Y SIM PS ON mig 





The development of the Sioux Falls SPECIAL FEATURES 
Light and Power Company, Sioux Falls, 
S. D., comprising an installation of single- 
runner vertical-shaft turbines in plate- 
steel spiral castings, direct-connected to al- 
ternating-current 


level (elevation 37), and, in order to do 
this, vertical turbines had to be adopted, 
since the difference in 
the tail water 
about 33 feet, which exceeds the practical 
draft head. The 


The principal condition determining the 
design and arrangement of the power sta- 
tion and its location was that of the ex- 
tremely high flood water which 
sionally obtains at this point. 


elevation between 


lowest and flood level is 


occa- 


yenerators, is of ; : 
generators, 1s of For this 


vertical di- 
rect-connected turbines enabled the founda- 


con- selection of 


siderable engineering interest on account 





sp reason it was considered inadvisable to —. . 
of the provisions made to take care of tions to be built so high that they are 
occasional extremely high flood water, also never completely submerged. 
from the point of view of the arrange- The location of the station within a 


ment and construction of the power house 
and because of the use of spiral- instead 
of cylindrical-case turbines, as has hitherto 


mile of the city’s center 
factor in reducing the 


was a prominent 
initial investment, 
as well as the operation and maintenance 
been customary for developments of this costs, by eliminating the necessity of step- 
character. 





The plant as a whole repre- 
sents an excellent example of modern de- 
sign. 

The power house is located on the Big 
Sioux river about a mile from the center 
of the city of Sioux Falls, S. D. The 
river rises in the northeastern part of the 


up and step-down transformers and an ex 
pensive distributing system. The design 
had further to provide for close commer- 
cial regulation and large temporary over- 
loads, due to the character of the service, 
which partly of lighting and 
partly of street railway and power load. 


consists 
















State, about 100 miles from the plant, FIG 2. EXTERIOR OF POWER HOUSE The street-railway service imposes severe 
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FIG. IT. HYDROELECTRIC 


DEVELOPMENT 


AT SIOUX FALLS, 8S. B. 


flows in a general southeasterly direction 
to a point a few miles below Sioux Fallg, 
where it makes a wide semicircular turn 
eastward, and runs to the north through 
the city. From its source to the dam at 
Sioux Falls, the river drains an 
about 1100 square miles and has an aver- 
age flow of about 1000 cubic feet per 
second, with a minimum in_ freezing 
weather of only 120 cubic feet per second. 


area of 


place the power house below the old dam 
at the Coughran reservoir, Fig. 1, where a 
plant had been carried away by a flood 
some years before. Several hundred feet 
above the old dam there is a high rock 
bank which provides good protection, and 
at this point the site for the new build- 
It was decided that the 
generators and other electrical apparatus 
should be placed «above the highest flood 


ing was chosen. 


conditions on account of the comparative- 
ly small number 
sudden changes of load from minimum to 
maximum, or vice That.the design 
of this plant and the apparatus installed 
have successfully fulfilled the conditions is 
the fact that the 
erating units and auxiliaries have been in 
continuous and successful operation since 
first taking load. 


of cars and consequent 


versa. 


demonstrated by gen- 








TURBINES 

There are in this plant three 850-boiler- 
horsepower, single vertical Allis-Chalmers, 
type FVF turbines in plate-steel spiral 
casings, designed for operating under a 
normal head of 70 feet and at 300 revolu- 
tions per minute. The present head is 60 
feet, which will be increased to 70 feet 
by the installation of longer draft tubes. 
As has already been stated, these turbines 
were built with spiral instead of cyl- 
indrical casings. The better efficiencies 
to be obtained from the former constituted 
the chief factor in determining their adop- 
tion in this plant, as they represent the 
most efficient and modern arrangement 
for medium-head developments of this 
character. These machines, which are in- 
dicated in Fig. 3, are of the reaction type, 
direct-connected to revolving-field gen- 
erators, the weight of the rotating parts 
being carried on thrust bearings. 

The turbine gates are of the swivel 
pattern, operated through regulating shafts 
and connections. The advantage claimed 
for swivel gates over cylinder gates for 
this type of turbine are as follows: 

Swivel gates give good efficiency with 
small, as well as with large gate openings, 
while the efficiency of cylinder gates is 
low except in wide open positions, due to 
excessive hydraulic disturbances. 

With the use of swivel gates, the in- 
crease or decrease in power resulting 
from opening or closing the gates occurs 
uniformly throughout the stroke from 
wide-open to closed position, which char- 
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FIG. 5. PLAN OF GENERATOR ROOM 
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FIG. 4. SIDE ELEVATION OF POWER PLANT 
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acteristic is necessary for uniformly sen- 
sitive regulation from no load to full load. 
With the cylinder type, a considerable 
closing of the gates from wide-open posi- 
tion is necessary before any reduction in 
power is effected. Moreover, at every 
small gate opening (required for friction 
load) the friction, eddies, etc., of the 
water are so great, as it passes through 
the gates, that no power whatever is de- 
veloped in the wheel. This, of course, 
results in poor regulation at full gate 
and friction load gate opening. 

The runners are constructed with cast- 
iron hubs and discharge flanges into which 
plate-steel buckets are cast. The effi- 
ciencies at 72, 70, 66, 62, 60 and 55-foot 
heads, were guaranteed as shown by the 
curves in Fig. 9. The characteristics of 
these runners enable normal speed to be 
maintained under ae reduction of normal 
head with but slight loss in efficiency, thus 
making them particularly desirable for 
variable head developments. The speed 
rings made of cast iron are designed grad- 
ually to bring the velocity of the water 
in the casing to that attained in the 
guide vanes. The plate-steel casings are 
stiffened by means of angle irons, as 
shown in Fig. 7. They are built on the 
speed ring in the form of an evolutionary 
spiral. 

Governors of the oil-pressure’ type 
were supplied with the turbines. This 
governor, which was described in detail, 
both as to construction and operation, in 
Power AND THE ENGINEER for September 
15, 1908, consists of three distinct ele- 
ments; namely, a source of energy, a 
means of applying the energy, and a de- 
vice to regulate the time element during 
application of the energy. 

The source of energy consists of a dupli- 
cate central-pressure oil system, as shown 
in Fig. 8. Each pumping unit is self- 
contained. The base supporting the pres- 
sure tank is of cast iron and contains a 
receiving tank in which a rotary oil pump 
of large capacity is driven continuously 
hy a geared motor, and discharges into the 
pressure tank. It is of ample capacity 
to operate all the governors in the station, 
so that one pumping unit may be held in 
reserve. 

The oil pressure from the pressure tank 
is transmitted to a regulating cylinder 
containing a piston, which is connected 
through a piston rod and short link di- 
rect to the regulating shaft. The oil act- 
ing on either side of the piston, as re- 
quired, causes the piston to move forward 
or back, thus operating the gates in ac- 
cordance with the changes in load. 

Regulation of energy is performed by 
the governor proper, which is driven from 
the turbine shaft by means of a horizontal 
belt. The governor consists of a stand 
upon which are mounted the flyballs, float- 
ing lever, compensating dashpot, syn- 
chronizing attachment and relay device. 
The type of governor head used is en ex- 
tremely sensitive, but absolutely — static 
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apparatus. The location of these gov- 
ernors is shown in Fig. 8. 

Fig. 12 is a reproduction of a typical 
chart taken from the recording voltmeter, 
which shows the regulation effected by the 
governors in this station. During the 
period covered by this chart violent 
fluctuations of load, caused by operations 
of the street railway, were of constant oc- 
currence. 
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as well as a material increase in effi- 
ciency. 

Thrust bearings of the oil-bath, self- 
contained type are furnished. A view of 
the outside casing, located on the thrust- 
bearing floor, with the regulating cylinder, 
is shown in Fig. 7. Self-oiling babbitted 
steady bearings of heavy construction are 
placed on top of the turbine crown plates 
and another babbitted steady bearing is 





FIG. 7. ONE OF THE 850-HORSEPOW ER TURBINES 


At present the turbines are furnished 
with short steel draft tubes indicated in 
the power-house elevations, Figs. 3 and 
4. These draft tubes are to be extended 
as shown by the dotted lines, and will 
lead the water from the turbines and dis- 
charge it at nearly the velocity of the tail 
race. This arrangement will effect an 
increase of over 10 feet in effective head, 


carricd on the bedplates supporting the 
thrust bearings. The generator shafts, 
which are coupled to the turbine shafts 
above the thrust bearings, are also sup- 
plied with two steady bearings, one of 
which is carried by the generator stator 
at the upper end of the shaft, and the 
other by a spider supported from the gen- 
erator base ring. 
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EXcITER TURBINE AND GOVERNOR 

lhe exciter turbine is of the same gen- 
eral design and construction as the main 
turbines. It is designed for 100 boiler 
horsepower at 600 revolutions per minute 
and 60-foot head. The governor of the 
exciter unit is the standard Allis-Chalmers 
oil pressure type, Size 1. The principle 
of operation of this governor is identical 
with that of the main turbine governors, 
Size 2, with the exception that the com- 
pensating dashpot is omitted, as the vari- 
ations in load on the exciter turbine do 


Generator 


POWER AND THE ENGINEER. 
volt, revolving-field Allis-Chalmers gen- 
erators operating at a speed of 300 revolu- 
tions per minute. The general construc- 
tion of these generators is similar to that 
of the same builder's standard waterwheel 
type. The stator of each generator 
built with laminated armature cores 
mounted in a cast-iron yoke which rests 


is 


on a heavy cast-iron base ring bolted to 
the reinforcéd concrete floor, as shown in 
Figs. 3 and 11. The spider carrying the 
upper steady bearing and brush holders 
is bolted to the top of the yoke, and the 
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is proposed install some future 


time. 


to at 

The second exciter unit is 
125-volt compound-wound, 
generator, direct-connected to a_ three- 
60-cycle induction motor of. suf- 
ficient capacity to take care of the maxi- 
mum load of the former. This unit is to 
be used to excite the main generators in 
case it is desired to use it in place of the 
turbine-driven unit. 

The 
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length 
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slate 
upon 


natural 
mounted 


Governor 
Stand 
To Next 

















_— Gencenter a 





Pressure 
Tank 


Receiving Tank 





Rotary 
Adil Pumps} 


ee ha 





p. 
——F tressure 





— i —— 























Return—> 








2 —— “astra 














a 





ER PE ee Pe a SR ad BP 


8 is Cee ee 








) Generator Turbine 
Governor Drive 


Generator Turbine 


Exciter Turbine 
Governor Drive 





Exciter Turbine 
Thrust Bearing 











not require this auxiliary device. The con- 
struction of this governor differs from the 
main turbine governors in that the gov- 
ernor stand and regulating cylinder 
piece, 
self-contained. 
with the 

the curves 


are 
making these two elements 
The efficiencies guaranteed 
exciter turbine are 
in Fig. 9. 


in one 


shown by 


ELECTRICAL APPARATUS 


There are three s500-kilowatt alternat- 
ng-current, three-phase, 60-cycle, 2300- 


sree 


FIG. 8. DIAGRAM OF GOVERNOR CONNECTIONS 
spider carrying the lower steady bearing 
is supported from the generator 
ring. The rotating field has laminated 
poles, mounted on the spiders which are 
keyed on the shaft. 

For excitation there are two units. 
is a 50-kilowatt, 
wound, direct-current vertical 
direct-connected the exciter turbine 
previously described. This generator is 
of ample capacity to furnish the necessary 
exciting current for the three main gen- 
erators and a fourth 
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One 
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panel, 
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panel, alternating-current 
blank generator panel, two 
three-phase feeder panels, one blank feed- 
er panel, three 
feeder panels, 


generator 
panels, one 
two-circuit single-phase 


one three-phase synchro- 
nous-motor panel, one blank motor panel, 
one railway generator panel, one 600-volt 
railway feeder panel, one blank feeder 


panel and one power feeder panel. The 
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general construction may be seen in Fig. 
11. Back of the switchboard is a pit for 
the regulators. On the walls are lightning 
arresters for single-phase lines and for 
three-phase regulators. 

Additional installations consist of a 150- 
kilowatt motor-generator railway set, the 
synchronous motor being wound for three- 
phase, 60-cycle, 2300-volt and the gen- 
erator for 500- to 550-volt direct current; 
also a motor-generator set consisting of 
a 20So-volt, three-phase, 60-cycle, alter- 
nating-current induction motor, direct- 
connected to a 50-kilowatt, 500- to 550-volt 
direct-current generator. Both units are 
placed on the generator floor. 


GENERAL CONSTRUCTION AND DEVELOP- 
MENT 
A brief summary of several points of 
engineering interest in connection with 
the general development of this water 
power may be of interest. These can be 
more readily understood by reference to 
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the plan of the general layout, Fig. 1, 
and to the drawings and_ photographs 
showing the station and apparatus. The 
substructure of the power house is of re- 
inforced concrete, including walls, founda- 
tions and basement. The station founda- 
tions are built high enough so that the 
top will be above the highest flood-water 
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level. The dimensions of the building are 
92x46 by 55 feet high, including the base- 
ment. The superstructure is composed of 


red jasper stone quarried in that vicinity, 
and presents an unusually handsome ap- 
The upper floor of concrete is 
upon 


pearance. 


supported by steel beams resting 
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on this floor. The portion of the floor 
carrying the generators is supported by 
thick concrete walls forming partitions 
separating the turbines. See Figs. 6 and 
7 A crane loaded on steel pilasters, sup- 
ported the the 
length of the power house, and light is 


by station walls, runs 
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POWER CURVE AND EFFICIENCY GUARANTEES OF EXCITER TURBINE AT DIFFERENT 
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FIG. Il. A VIEW ON THE GENERATOR FLOOR 


and concrete piers, and 
carries the three main generators, exciter 
generator, 


steel columns 


governors, motor-generator 
switchboard, 
rotary converters and other electrical ap- 
paratus. The gate-valve stands, bypass- 
valve stands and a small boiler for heating 
purposes, together with radiators, are also 


sets, oil-pressure system, 














furnished by incandescent Iamps. The 
building is entered on this floor by two 
rolling doors of steel construction. 
Space was allowed in the design of 
the building for the installation of an- 
other main unit at some future time of 
the same size as the three now installed. 
Two flichts of down to the 


stairs lead 








tv 





June 22, 1909. 


intermediate floor which carries the thrust 
bearings and regulating cylinders. This 
floor is of concrete carried on steel I- 
beams supported by the concrete piers, 
which also support the generators on the 
floor above. A view of the floor may be 
obtained in Figs. 4 and 7. The basement 
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designed for slow movement of the water 
to avoid ice difficulties. All water passing 
through the racks into the penstock is 
compelled to flow under an arch so that 
ice will be intercepted. This method of 
preventing the ice from entering the pen- 
stock has proven exceedingly satisfactory 
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FIG. 10. POWER CURVE AND EFFICIENCY GUARANTEES OF MAIN TURBINE AT DIFFERENT 
HEADS 


floor carries the turbines, penstocks and 
gates. The penstock is supported on con- 
crete piers resting upon the floor, and has 
a branch connection to the gate valve 
of each turbine, Fig. 3. That part of the 
basement floor supporting the turbine and 
discharge casing is reinforced by heavy 
I-beams. Provision is made for installing 
long draft tubes, as previously mentioned, 
which will extend “down in long radius 
ells and will be supported by piers on bed 
rock. Ways are built just outside the 
foundations in the tail race for stop logs, 
with a space between for filling with sand 
bags, ete., so that the draft tube pits 
may be unwatered for examination when 
desired. 

The dam and retaining walls were built of 
concrete and are located as shown in [ig. 
1. The length of the dam at the crest is 
580.4 feet, with a spillway extending the 
entire length. Its width at the crest is 
6 feet and the depth varies from 4 to 8 
feet, with a maximum width at the base of 
18 feet. The base rests on bed _ rock. 
Provision is made for flashboards which 
increase the hight of the dam 36 inches. 
By. the construction of the dam and of 
about 2000 feet of retaining wall on both 
sides of the river, the water has been 
backed up, forming a forebay with an 
area of 16 acres at the low-water line and 
21 acres at the high-water line, thus 
providing a water storage of about 500 
acre-feet. This, in addition to a reservoir 
of 70 acres formed by another dam farther 
up the river, gives this development ample 
storage facilities for handling peak loads. 

Five sluice gates, 4x5 feet, are built 
into the dam at its northeastern end at the 


entrance to the intake. The intake was 





in operation. Head gates are placed at the 
entrance to the intake forebay, so that 
the ice which is intercepted can be spilled. 
Two racks, each 12x21 feet, with 1-inch 
spacing, are built into the intake. 

From the forebay the water is carried 
to the power house through 680 feet of 
steel penstock 7 feet in diameter. At 
the foot of the penstock there is a plate- 
steel standpipe, shown in the exterior 
view of the station, 16 feet in diameter 
and 62 feet high, of sufficient capacity 
to supply water for sudden fluctuations in 
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FIG. 12. TYPICAL CHART FROM RECORDING 


VOLT METER 


the load without excessive pressure vari- 
ation in the pipe line. During the op- 
eration of the plant, heavy fluctuations 
on the street-railway load, resulting from 
snow blockades, have caused a maximum 
difference of water level in the stand- 
pipe of only 18 inches. At = intervals 
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along the pensteck, provision has been 
made to allow for contraction and ex- 
pansion due to varying temperature. This 
is done by means of three plate-steel 
expansion joints. It has been found that 
the movement of the penstock due to ex- 
pansion and contraction amounts to sev- 
eral inches. 

The Sicux Falls Licht and Power Com- 
pany was orgenized in:1g05 for the pur- 
pose of furnishing power to the Sioux Falls 
Street Railway Company and other con- 
sumers; also to supply current for lighting 
the city and vicinity. The company com- 
menced cperations in 1905. The design 
and construction of the entire development 
Was executed by the H. M. Byllesby Com- 
pany, consulting engineer, of Chicago, 
under the direction of its chief engineer, 
O. E. Osthoff, and F. Y. Low, who was 
in entire charge of the construction work 
at ‘Sandpoint. 

The officials of the Sioux Falls Light 
W. Cough- 
ran, president; W. G. Haley, vice-presi- 
dent; George B. Caldwell, treasurer; F. 


and Power Company are: F. 


H. Reed, secretary; Arthur Huntington, 
general superintendent, and C. P. Frost, 
chief engineer. 





Scaling and Corroding Substances 
and Their Elimination from 
Water for Boilers* 


By J. C. Witttam Gretn 

The evaporation of water, and of water 
only, as expressed by the chemist's for- 
mula, H.O, occurs in the generation of 
steam. Few of the natural water sup- 
plies are pure, since the carbonic acid 
absorbed by water when falling as rain 
enables it to dissolve certain salts of 
lime and magnesia. Other substances will 
be dissolved, depending upon the nature 
of the rocks, soil, vegetation, sewage and 
industrial waste with which it may come 
into contact. , Among the substances in so- 
lution in waters are the following: 

Calcium carbonate (carbonate of lime) 
which is but slightly soluble in chemically 
pure water, but when carbonic acid is 
present it dissolves in the water and forms 
the bicarbonate of lime, which is soluble. 
Carbonate of lime alone will not form 
a hard scale, but when present with other 
substances which cement it, it is apt to 
form a hard scale. 

Calcium sulphate is also quite common 
in all natural water supplies, and is re- 
sponsible for the hardest boiler scale. 
Further, this salt also acts as a cement, 
causing a hard-scale formation with salts 
which ordinarily would form only sludge, 
or a soft scale. 

Calcium chloride is sometimes found in 
natural waters, but it is very soluble, and 


*Abstract of a copyrighted paper read he- 
fore the Scranton Engineers’ Club, May 20, 
1909. 
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in the absence of other scale-forming salts 
will not form scale unless after great 
concentration. It, however, can be classed 
among the corrosive substances found in 
water, as after concentration in the boiler 
it may be dissociated, liberating hydro- 
chloric acid. 

Calcium nitrate has practically the same 
characteristics as calcium chloride, but 
waters containing it are comparatively 
rare. 

Magnesium carbonate is more soluble 
than calcium carbonate, but is ordinarily 
found in water as the bicarbonate. Bi- 
carbonate of magnesia has all the char- 
acteristics of calcium bicarbonate. 

Magnesium sulphate is common in 
natural waters, in which it is extremely 
soluble. Alone, it will not form scale, but 
it is broken up by the lime salts, from 
which scale is formed. 

Magnesium chloride is very objection- 
able, since it not only forms scale but 
causes corrosion by liberating hydro- 
chloric acid. 

Magnesium nitrate has the same char- 
acteristics as magnesium chloride, but it 
is usually present only in very small 
quantities. - 

The sulphates of iron and alumina are 
present in water supplies contaminated 
with mine drainage, or the waste from 
galvanizing plants. 
when present, act in the boiler exactly like 
free sulphuric acid, inasmuch as they are 
dissociated by heat, the acid being set free 
and the iron and alumina precipitated as 
sludge or scale. 

The oxides of iron and alumina are 
usually present in small quantities, and 
have little bearing on the formation of 
scale. 


These  stibstances, 


Silica is also present in small quantities 
in nearly all waters. It is a scale-forming 
substance, but since it is rarely present in 
large quantities, it is usually ignored. 

Free sulphuric acid, like the iron and 
alumina sulphates, is introduced by drain- 
age from mines and galvanizing plants. 
In the boiler it immediately attacks the 
metal, forming the sulphate of iron, which 
the heat decomposes, the hydrate of iron 
and free sulphuric acid. This acid, liber- 
ated, repeats its action upon the metal, 
and through an indefinite number of de- 
structive cycles. The acid is nonvolatile, 
therefore the amount of the acid in the 
water in the boiler is constantly increased 
by the quantity introduced with the feed, 
so that the decomposition of the boiler 
metal is in direct ratio with the concen- 
tration which occurs in the boiler. 

Carbonic acid is present in its free state 
in all natural waters. Its presence in the 
boiler promotes pitting and corrosion. It 
is also the acid which holds in solution 
the carbonates of lime magnesia. 

Sodium sulphate, sodium carbonate, 
sodium chloride and sodium nitrate, are 
neutral, nonscaling and noncorrosive salts, 
and are not objectionable unless present 
in excessive quantities. 
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Steam generation is a continuous 
process, fresh feed water being supplied 
to the boiler as the water evaporated into 
steam leaves it; since none but volatile 
impurities pass out with the steam, this 
results in a continual concentration in the 
boiler of the impurities introduced with 
the feed water. The nonvolatile im- 
purities collecting in the boiler, manifest 
themselves as suspended matter, scale, 
corrosion, or by an increased density of 
the boiler water. 

Suspended matter may be carried in 
with the feed, or may be due to the ac- 
cumulation of those substances that are 
forced out of solution as a result of either 
heat or concentration, or by the combined 
action of both. 

Scale formation in the boiler is due to 
“he action of heat, pressure, and concen- 
tration on the impurities in solution and 
suspension in the feed water. 

Corrosion of the boiler is due to the 
introduction of gases and acids, or their 
formation from some of the impurities in 
solution in the feed water, by the reac- 
tions resulting from heat, pressure and 
concentration. 

The increased density of the boiler 
water is due to the concentration of the 
sodium salts and of the scale-forming 
salts, to the limit of their solubilities. 

That scale in the steam boiler is one of 
the great hindrances to economical and 
safe operation is beyond question. It is 
feared by all steam users, and their fear 
of the expense and danger from it is 
shown by the large number of manu- 
facturers of boiler compounds, purifiers, 
cleaning machines, skimmers, filters, ete. 
Scale can nearly always be attributed to 
the lime and magnesia salts in solution in 
the water. The character of the scale 
depends upon the acids combined with the 
lime and magnesia; on the type of boiler 
in use; and on the rate, temperature, 
and pressure, at which the boiler is op- 
erated. For instance, the carbonates of 


lime and magnesia, when present alone, 


usually form a soft scale. The presence 
of calcium sulphate sometimes increases 
its hardness. A calcium-sulphate scale is 
generally quite hard. 

Following are a few of the items which, 
from an economic standpoint, make it 
almost imperative to prevent scale forma- 
tion, or at least to remove it periodically: 

The reduced evaporation due to the in- 
sulating effect of the scale on the heating 
surfaces of the boiler. 

The cost of labor required for cleaning 
the boiler and auxiliaries. 

The cost of repairs to boilers, neces- 
sitated by their being subjected to over- 
heating on account of the heating surfaces 
being scaled. 


The loss of efficiency and earning power 
of improved furnaces and stokers installed 
to increase evaporation, which correspond- 
ingly increases the concentration of im- 
purities, thus forming a greater deposit of 
scale, and hence a greater reduction in 
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the efficiency and in the life of the boiler. 

The cost of tube-cleaning machines, or 
of so-called “compounds” introduced into 
the boiler to prevent the adherence of the 
scale-forming matter to the shells and 
tubes. 

The loss due to the investment in spare 
boilers to be put into commission when 
it is necessary to take boilers out of 
service for cleaning or repairing. 

The waste of fuel due to heat lost in 
cooling a boiler for cleaning or repairing, 
and that required again to bring it into 
service. 

The loss due to reduced efficiency of 
boiler auxiliaries, from lower temper- 
atures of the feed water, especially in the 
feed-water heaters and economizers, thus 
materially increasing fuel consumption. 


CorROSION 

Corrosion is the most dangerous of the 
various troubles due to impure feed water, 
and the one in many cases the most dif- 
ficult to overcome. It is usually due to 
the acids introduced into the boiler in 
the feed water, or those formed as a re- 
sult of reaction between various sub- 
stances in solution, caused by heat, pres- 
sure and concentration; in some cases it 
is due to the oxygen of dissolved air. 
The different acids cause different kinds 
of corrosion, and it occurs in different 
parts of the boiler, depending upon the 
nature of the acid. 

The action of corrosive acids and salts 
on the boiler make operation dangerous 
and add to the expense, as follows: 

The danger of rupture or explosion due 
to weakening of the parts. 

The repairs made necessary by cor- 
rosion. 

The necessity of spare boilers to replace 
those out of service for repairs. 

The heat wasted in cooling boilers to 
make repairs and the fuel required to 
bring them into service again. 

The expense for boiler compounds to 
prevent corrosion. 

The author then goes on to consider 
the different methods for preventing and 
removing scale, as by hand scrapers, 
chisels, etc., mechanical cleaners, boiler 
compounds, feed-water heaters and puri- 
fiers, both live and exhaust steam, with 
and without the use of chemicals, and the 
surface blowoff; and he concludes with 
an argument in favor of purifying and 
softening the feed water before it is put 
into the boiler. 





“Social Engineering,” by Dr. W. H. 
Tolman, direetor of the Museum of 
Safety and Sanitation, is being translated 
into French under direction of Vuibert 
& Nony, publishers, of Paris. 





The Standard Oil Company has com- 
pleted the pumping stations and pipe lines 
necessary to pump crude oil from the 
Kansas and Oklahoma oil fields to the 
Atlantic seaboard, 1500 miles. 
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Connecting Up Transformers for 
Synchronizing and Phasing 
Lamps 


By F. J. Foote 





The transformers used with incandes- 
cent lamps for synchronizing or phasing 
alternators may be of any capacity down 
to about 100 watts, the small switch- 
board transformers being often used for 
this purpose. The high-tension winding 
of the transformers must, of course, be 
suitable to stand the operating voltage; 
the low-tension winding is preferably ar- 
ranged to give 50 or 100 volts, so that 
not more than two lamps will be required 
in each set. 

With transformers there are two meth- 
eds of connection possible. The method 
indicated in Fig. 1 is shown on account 
of its similarity to the direct method de- 
scribed in the previous article.* The 
primary windings of the transformers are 
connected directly across the open switches. 
3y properly checking out the connections 
in a way similar to that to be explained 
in connection with Fig. 2, 
good results. 


one can get 
The method represented in 
however, the fre- 
quently used because it is more convenient 
of application and involves less liability 
to make errors. The primary windings 


Fig. 2, is one most 
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formers are connected together through 
enough to withstand the maxi- 
mum voltage of the two secondary wind- 
ings in series. With this arrangement the 
lamps will alternate in brightness and 
darkness just as in the direct method. 
It will be seen from Fig. 2 that the 
primary windings of the transformers are 


lamps 


Lamps 





Primary 
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Sec. 
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opinion as to which is the better of these 
two methods. I prefer to have the lamps 
dark when the phases are in step, largely 
for the reason that with the direct method 
only dark lamps can be used. In the fol 


lowing discussion it is assumed that the 
lamps are to be dark when the phases 
are in step. 







































































of the transformers are connected, not 
across the open switches, as in the first " 
method, but across the “line” or the two FIG. 
| Primary : 2 if 6 Primary 
n i) / J) oe 
a Oe 
: 
a 4 
q q 
3° ; 84 
Primary 4 7 Primary 
B 
A 
Power, NaE? 
FIG. 2 
: . 
leads of a phase. One transformer is always energized at normal ‘voltage. The 


connected to the leads above the switches 
and the others to the leads below the 
switches, on each phase. The two secon- 
dary windings of each pair of trans- 


*PoWER AND THE ENGINEER for June 15, 
page 1048, ™ 


lamps will therefore be bright or dark 
according to the method of connecting the 
secondary windings. In other words, it 
is possible to have the lamps either bright 
or dark at the instant when the phases are 
in step. There difference of 


is some 





A 
” eon ae Pour vr, V9 
I 
The one vital point in this method, and 
the one on which its success or failure 
in large measure depends, is that of 


checking out or proving the connes’>” 
for one cannot depend on the leads from 
the 


very 


transformers always coming out of 
case the same way. This matter is 
simple. All that is required is to con- 
nect the primary windings of both trans- 
formers of a set to the same circuit and 
adjust the secondary connections of one 
them. For 


instance, in 


oi lig. 2 one 
could disconnect the lower transformer 
primary leads 3 and 4 and connect them 


Care should he 
lead to the other 
side of the same switch that it was origi- 


to the points 7 and 2. 


taken to connect each 


nally connected to; that is, 3? to 7, and 
4 to 2. Since both primaries are con- 
nected across the same source of cur- 


rent, the secondary relations are neces 
sarily the same as the primary relations, 
and if the lamps do not show dark under 
this condition, it is only necessary to re- 
verse the leads of one secondary winding; 
When 
the primary leads are put back in their 


then the lamps must show dark. 


original position, as in Fig. 2, the prov- 
ing out is complete for phase 4. 
Phase B must, of course, be checked 


out in the same manner, after which the 
lamps will indicate exactly the same as 
though they were connected on the direct 
method. 
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Comparison of Relative Merits of Natural- and Forced-draft Types; 


Conditions 


Which Shauld Determine the 


Kind 


to be Selected , 
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The design and operation of cooling 
towers is a matter so closely associated 
with the design and operation of con- 
densers that the combination of con- 
denser and tower must be considered as 
a single unit and the same general prin- 
ciples applied as noted above. In localities 
where a supply of condensing water is 
not obtainable, recourse must be had to 
the use of cooling towers. The general 
principles of the tower are in a measure 
from 
bodied in the condenser. The problem 
becomes one of dissipating to the atmo- 


a reverse proposition those em- 


sphere the greatest possible amount of 
heat from each pound of water with a 
minimum expense for fixed and operating 
charges, 

Cooling towers are classified in two gen- 
namely, forced-draft and 
natural-draft towers, the distinction being 
in the method of circulating the air in 
the towers. 


eral classes, 


The comparison of the rela- 
tive merits of the two types is one that 
involves the consideration of climatic con- 
ditions, of ground space, of the cost per 
unit of surface as compared with the 
cost of fans plus the operation of fans 
and of the adaptability of towers of vary- 
ing capacities to the condenser. 

The climatic conditions, namely, tem- 
perature and humidity, are of greatest im- 
portance in cooling-tower design, and on 
installation must be 
treated as a separate problem, and there 


this account each 
can be no standard sizes for towers of 
varying capacities that would be generally 
applicable to all locations. The greater 
portion of the heat extracted in a cooling 
tower goes to supply the latent heat of 
vaporization of enough water vapor to 
saturate the air leaving the tower. The 
balance goes directly to heat the air pass- 
ing through the tower. During winter 
months the proportion of the heat that 
goes to heat the air is much greater than 
in the summer months and may exceed the 
amount of heat that is dissipated in sup- 
latent heat of 
Taking as an example an air temperature 


plying the vaporization. 
of 82 degrees Fahrenheit and supposing 
the air to be saturated (raining) at that 
temperature, and that the air is heated to 
92 degrees Fahrenheit in the tower and 
leaves the tower saturated at that tem- 
perature, the heat extracted by each pound 
of air would be as follows: 

*Read before the National Electrie Light 


Association convention, Atlantic City, N. 
June 1, 2, 3 and 4, 1909. 


M. 


R. 


To heat the air 10 degrees Fahrenheit 
would require 2.375 B.t.u. The saturated 
air at 92 degrees will contain 0.03289 
pound of water vapor and at 82 degrees 
it contained 0.02361, the balance of 0.00928 
pound having been accumulated in passing 
through the tower. The heat required to 
evaporate one pound of water from and 
at 90 degrees is 1051 B.t.u., and ahe heat 
extracted in evaporating 0.00928 pound of 
water would be approximately 9.75 B.t.u. 
Therefore, each pound of water leaving 
the tower at 92 degrees would carry away 
2.375 + 9.75, or 12.125 B.t.u., and the 
work done by the evaporation would rep- 
resent about 80 per cent. of the total. If 
the air entering the cooling tower was not 
saturated it would be able to pick up 


B U M P 


rapid rise in the amount of water vapor 
required to saturate the air as the tem- 
petature increases indicates the greate: 
opportunity for extraction of heat at the 
higher temperature and it becomes de- 
sirable to heat the air leaving the tower 
as high as possible. This in turn requires 
that the temperature of the water leaving 
the condenser and entering the tower be 
raised as nearly as possible to the tem- 
perature of the exhaust steam. For a 
given range in temperature in the tower 
it is readily seen that the warm air has a 
much greater effect, and the reduction of 
the temperature of the water to or below 
that of the entering air is more easily 
accomplished than when it is cold. One 
pound of saturated air heated from go 
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a still greater quantity of water and the 
proportion of heat extraction evaporating 
would be still greater. 1n this connection 
it is interesting to note that where the air 
entering the tower is comparatively dry 
it is possible to cool the water below 
the temperature of the air, and this effect 
has been noted in ‘several 

natural-draft tower in Denver. 


tests on a 
The effect 
is, of course, produced by the heat ex- 
tracted from the water to supply water 
vapor partly or completely to saturate 
the air, and this effect will continue even 
if the water is considerably colder than 
the air. 

Attention should be directed to the ac- 
companying saturation curve for air at 
29.92 inches barometric pressure, The very 


Fahrenheit and 
saturated air at 


degrees discharged as 


100 degrees Fahrenheit 


‘will extract approximately as much heat 


as one pound of air raised from o degrce 
to 40 degrees Fahrenheit and saturated 
when leaving at that temperature. 
Localities possessing a dry climate arc 
best suited for the use of cooling towers, 
and it is exceptional to find the tempera- 
ture of the air very high before or during 
a rain storm. On the other hand, moist 
climates do not as a rule havé as high 
temperatures during the summer months. 
For average conditions a tower can usual- 
ly be figured safely upon a basis of maxi- 
mum temperature of 90 degrees Fahren- 


heit during a rain storm when the air is 
saturated. On days when the temperature 
. 
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is in excess of 90 degrees Fahrenheit the 
humidity will be considerably below satu- 
ration, as a rule, and the capacity of the 
tower will equal that fcr the conditions 
Basing estimates upon the air 
supply as stated, the problem becomes one 
of determining the amount of surface re- 
quired, 

The amount of heat to be extracted 
from the water can be accurately esti- 
mated by the steam consumption of the 
unit and the quality of the steam entering 
the condenser. The temperature and 
humidity records should then be con- 
sidered as outlined above and the steam 
economy of the unit at various vacua 
compared to note the effects of periods of 
hot weather and the economical reduction 
of vacuum that can be allowed rather 
than to go to the increased expense for 


named. 


larger condenser and towers. 

\llowing that the water leaves the con- 
denser at a certain temperature and enters 
at a certain lower temperature, the quan- 
tity of water required is determined. In 
making these figures it will be seen that 
the widest possible range in temperature 
of the water should be secured. Then in 
cooling this amount of water in the cool- 
ing tower the amount of surface required 
must be calculated. This is one of the 
most indefinite points in cooling-tower de- 
sign and is the most important one. The 
trate of transfer of heat from water to 
air, either direct or through a diaphragm, 
varies through rather wide limits. With 
increased circulation of the air the rate 
increases, but the exact ratio of increase 
is not definitely established. The effect 
upon the absorption of water to saturate 
the air is undoubtedly greatly increased 
by rapid circulation of the air. On the 
other hand, if the air is forced through 
the tower too rapidly it does not  be- 
come fully saturated and therefore the 
quantity of air required is greatly in- 
creased. In the ordinary natural-draft 
tower the greatest care must be used to 
get full benefit of all the air passing 
through the tower, while in forced-draft 
towers there is always more or less water 
carried away mechanically and the water 
leaving the tower is seldom saturated, 
indicating that more air is being used 


than would be necessary in a_ properly 
designed tower. 


The rate of transfer of heat from water 
to air through a metal diaphragm is 
about 2.5 B.t.u. per square foot per de- 
gree per hour. If the outer surface is 
kept wet the heat transfer is materially 
increased, and if, in addition, the air 
is circulated rapidly the rate of transfer 
cin be increased to several times the 
figure named. In the cooling tower the 
heat is transferred directly from water 
to air and the amount of surface depends 
quite largely upon the rate of circulation 
of the air, and no definite figures were 
obtainable upon the transfer in forced- 
draft towers. By calculating this coef- 
ficient natural-draft 


upon a tower in 
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Lincoln, Neb., a heat transfer of 6 to 8 
B.t.u. per square foot per degree per 
hour was shown upon a series of tests. 
Using 7 B.t.u. as a basis it is seen that 
the surface required to produce very high 
vacua during hot 
enormous. 


weather would be 
Taking the temperature of 
steam at 28-inch vacuum at 102 degrees 
Fahrenheit and allowing 5 degrees dif- 
ferential between steam and discharge 
water, would make the temperature of the 
water entering the 
Fahrenheit. 
grees; 


tower 97 degrees 
If thesair were up to 90 de- 
Fahrenheit in temperature, this 
would allow a maximum working range of 
only 7 degrees and the surface required 
would be 22 sauare feet per pound of 
steam condensed per hour. For a dif- 
ferential of 10 degrees the surface re- 
quired would be 15 square feet, for 20 
degrees 7.5 square feet, and for 39 de- 
erees 5 square feet per pound of steam 
condensed per hour. In each of these 
cases the vacuum would be reduced and 
at the 30 degrees differential it would 
be 26 inches. 

In the case of the forced-draft tower the 
size of fan and power required for its 
operation would decrease in about the 
same ratio as the decrease in surface 
noted above by allowing larger differ- 
ential temperatures and obtaining cor- 
respondingly smaller vacua. In either case 
the fixed and operating charges on con- 
denser and cooling tower must be balanced 
against the cost of extra fuel, and the 
like, required when the vacuum is re- 
duced in order to determine the most 
economical installation. 

Various materials have been used for 
wet surface in cooling towers. Rough 
boards have been successfully used, but 
they take up a great deal of room, and the 
cost per square foot of surface is high 
when compared with other materials. 
Wood blocks, tile, and the like, have 
been used largely in forced-draft towers, 
and the results are satisfactory except as 
to first cost. The use of curtains made 
of galvanized-wire screens has been tried, 
but the first cost is high and the screens 
are not entirely satisfactory in distributing 
the water. A number of tests have been 
made with burlap curtains, and the re- 
sults thus far have been above expec- 
tations. The burlap is very cheap and is 
easily made into curtains. These curtains 
are comparatively light and easily sus- 
pended in the towers. The only difficulty 
has been to secure a long-thread burlap 
so that a portion of the threads will 
not wash out and enter the piping system. 
Some of these curtains are now four 
years old, and the expense for renewal 
will be nominal. Several suggestions have 
heen made as to tarring or painting the 
curtains as a preservative, but the cost 
and value of these treatments are doubt- 
ful. 

In the design of forced-draft towers, 
the following conditions must be con- 
sidered: (1) The tower should he laid 
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out with great care to secure proper dis- 
tribution of the air and water. (2) The 
fan capacity should be figured upon a 
basis of handling saturated air, and the 
path of the air should be such as to 
bring the water and air into intimate con- 
tact so that the air will leave the tower 
as nearly saturated as possible. (3) 
Care must be taken to prevent loss of 
water by being carried away mechanically 
with the air leaving the tower. (4) On 
account of the increased cost of pumping 
water to high heads, the tower should 
be as low as possible and the water 
pumped no higher than absolutely neces- 
sary. (5) In laying out the water-dis- 
tributing systcm care must be used to 
reduce the friction head to a minimum. 
In combustion work it has been found 
that in forcing or pulling air through a 
full bed the induced draft which pulls 
the air through is much preferable to 
forced draft for 
tribution of the air. 


securing proper dis 

The distribution of 
the air in the fuel bed is much more uni 
form, and especially in gas producers a 
more distinct advantage is gained in the 
More fuel can be 
burned per square foot of grate surface 
and with less overventilation than with 


suction-type producer. 


forced draft. The same general prin- 
ciples apply to air distribution in cooling 
towers, and it is the author's opinion that 
much more uniform and satisfactory re 
sults can be obtained by placing the fan 
at the top of the tower and drawing the 
air through the tower. On account of the 
moisture present it would be necessary to 
protect the fan blades from rust by gal 
vanizing or frequent painting. The re- 
sults from combustion work would indi 
cate at least 30 per cent. improvement 
and would reduce the amount of air re- 
quired and the power consumed by the 
fans materially. 

In the design of natural-draft towers, 
the principles are very similar. These 
towers should be set in as open a location 
as possible so that full advantage can be 
taken of winds to aid the draft created 
in the towers. Where set in open spaces 
it is advisable to have the sides, or at 
least a portion of each side, equipped with 
removable doors so the air openings can 
be changed to suit the direction of the 
wind. In the tower the greatest free- 
dom of air movement is necessary, and 
the design of the water-distributing 
system must be made with a view of 
leaving as much free air space as possible. 
The passage of the air through the tower 
will create a certain amount of draft 
caused by the heating of the air and the ab 
sorption of water vapor, which further 
reduces the density and increases the 
stack effect. The tower can be designed 
to create a draft sufficient for all the air 
required, but it is usually desirable to: 
use the added advantage of the winds 
wherever possible in assisting the air 
circulation. In spacing the curtains in 
the tower it is necessary to place them 
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close enough together to get the full bene- 
fit of all the air passing; but, as pointed 
out, the distributing troughs must be laid 
out to allow as free air travel 
If the amount of water flowing 
the curtains is great it will 
create a counter-effect to the draft and 
will retard circulation of air in the tower. 

An important feature of the tower is to 
house the air openings properly, to pre- 
vent water during high wind 
storms. If no loss of water occurs, the 
amount of condensation, if the jet con- 
denser is used, will be more than sufficient 
to supply the water the 
tower. If a surface condenser is used, 
the makeup water required in the tower 
should not exceed and will ordinarily be 
somewhat less than the amount of water 
supplied to the boilers. Where a_ jet 
condenser is used, the cold-water supply 


as pos- 
sible. 


down too 


loss of 


evaporated in 


to the boilers can be passed into the 
tower pit and condenser inlet and the 
water for boiler supply drawn from the 
hot water leaving the condenser. 

In the design of the water-distribution 
system, the friction head must be kept 
down as much as possible when proper 
distribution of the water is maintained. 
It is very essential that the water be dis- 
tributed evenly over all of the curtains 
or wetted surface, and this as a rule nec- 
essitates some experimenting on the tower 
in order to reach all the curtain with 
an equal supply of water. An effective 
means of accomplishing the result is to 
distribute the water from two or 
troughs. The water discharged 
the pipe at two or more points in each 
trough will maintain practically uniform 
level in the troughs. The discharge from 
the main troughs should be through verti- 
cal slotted openin’s in the sides, so that 


more 
from 


the quantity discharged to each curtain 
will the head of water io the 
troughs without creating any friction head. 
The individual troughs supplying 
curtain should be made as narrow as pos- 
sible in order to leave ample space be- 
tween troughs for air openings. These 
troughs should discharge through slotted 
openings, the main troughs, 
against a metal strip or vane which acts 
as the hanger for the curtains and on 
which the water is uniformly distributed 
across the full width of the curtain. 
Cooling ponds with jets scattered 
through the pond and discharging into 
the air above the pond are used to some 
extent. The amount of power required 
for pumping the water is large, and the 
first cost, unless the pond is already in 
existence, is prohibitive. On still 
days the capacity is limited, as wind is 
depended upon for air circulation. On 


vary as 


each 


similar to 


very 


days when the wind is brisk the loss of 
water carried off mechanically is exces- 
sive and the amount of make-up water is 
consequently increased. 

Some very interesting experiments have 
been made on a combination of condenser 
and cooling tower in which the steam 
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discharged from the unit enters coils of 
pipe or chambers over which water is 
sprayed and air rapidly circulated. This 
plan has shown some promising results. 
The amount of water required in the con- 
the the 
amount condensed. This plan could pos- 
sibly be made feasible for small units, but 
for large units it could not be applied. 
lair vacua obtained on certain 
tests of this outfit at the Virginia Agri- 
cultural college. 

The extension of this plan along the 
lines of the radiator of automobiles leads 


denser is practically same as 


were 


to a very interesting problem, which 
merits some study for applications to 
small units. 


The majority of the larger installations 
country forced-draft 
European 


in this towers, 


while 


are 
practice seems to be 
toward using natural-draft towers wher- 
With plenty 
the natural- 
most careful 


ever ground space permits. 
of ground available 
draft tower 
consideration, and the application of a 
that 


practically at 


space 
should receive 


natural-draft tower to a condenser 
will discharge the 
the temperature of 
very desirable combination for the average 


installation, 


water 


the steam makes 2 





Piping Oil from the Pacific to 
the Atlantic 


waters of 
time in 


the 
first 


On December 15, 1906, 
the for the 
history, mingled with the waters of the 
Atlantic the Isthmus of 
Panama. It was not, however, through 
the great canal, but through the oil pipe 
line of the Union Oil Company, of Cali- 
fornia, which was being tested with sea 


Pacific ocean, 


ocean, across 


water, ander a pressure of 800 pounds, 
The in- 
stallation of this line opened the Eastern 
warket for the first time to California 
oil and gave it opportunity to compete 


before bcing put into service. 


with the product of the great oil combina- 
tion. ‘ 

The laying of the line and the construe- 
tion of the pumping 
charge of R. W. 
pany'’s engineers. 


stations were in 
Fenn, one of the com- 
Six 
given the company under its concession 
from the Government. On April 16, the 
pipe laying was begun, and the line was 
completed October 16, 
day. Jamaican laborers were employed, 
in gangs of 70 each, divided into sections. 
First came the “brushers.” cutting all 
the and brush, the 
“stringers,” who laid the pipe in line, end 
to end. 

The next division removed the thread 
protectors and painted the threads with a 
preparation of oil and graphite. The pipe- 
laying gang proper consisted of the men 
who handled the lifting jacks, jack boards 
and chain tongs for holding the finished 
line in place, and 20 men on the pipe 


months’ time was 


six months to a 


grass followed by 
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tongs, 5 men on each of four pairs of 
extra-heavy long-handled lay tongs. An- 
other section lifted the next joint with 
pickups, and the pipe steerer lined it up so 
the thread would enter properly, while 
the joint was twirled by the friction of a 
length of rope passed around it several 
times and drawn back and forth until 
the pipe would enter no farther in the 
collar without the aid of the tongs. 

The foreman then sat astride the col- 
lar and beat time with his hammer, while 
the tongsmen “broke out”—two tongs up 
and two down, with the precision of a 
military drill. 

It is hard to realize the difficulties which 
presented during the work, 
which was begun during the rainy season. 
The Panama Railroad was double-track 
ing its line and canal construction was 
going on everywhere. 


themselves 


Steam shovels were 
at work, tracks were being shifted and 
plans were being changed all the time. 
There is no wagon road across the isth 
mus and it was necessary to dodge the 
heavy dirt-train traffic continually —Bu/- 
letin .linertcan Republics, 





Old and New Water Power 


Companies 


Clemens Herschel, writing of the old 
water-power companies which sold mill 
and furnished water 
annual rental, says: 


sites power at an 

“At the present day, companies of pre- 
cisely the nature described are no longer 
being organized. Indeed, the time has 
come when, in certain cases, it would be 
materially profitable to convert such com- 
panies, and they should be converted, into 
the modern form of power company which 
distributes power on wires instead of dis- 
tributing water through canals, as was the 
old-time method. The large areas of land 
hitherto occupied by the canals could then 
he sold or used for other purposes, the 
proceeds of such sales possibly paying for 
the whole improvement, while much power 
wasted by hydraulic losses in long 
canals and at many power plants would be 
and all the 
tributed and used would be generated at 


now 


recovered power to be dis- 
and distributed from one central power 


station.” 





\luminium paint is made by blowing 
air or gas through molten aluminium 
while it is setting and at the same time 
This forms a 
or granulated metal that is easily pulver- 
The powdered metal is sized and 
polished. 


stirring violently. spongy 


ized. 





In 1907, the United States produced 
166,000,000 barrels of oil, and in 1908. 
according to unofficial estimates, the total 
of that amount. The 
United States produces 63.12 per cent. of 
the entire oil production of the world. 


was in excess 
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Economy of Four Valve Engines 


By Tuomas HALL* 


The Dean and Wood report, as pre- 
sented at the Detroit Meeting, in June, 
i908, of the American Society of Me- 
chanical Engineers, has so often been 
misquoted, misrepresented and misused, 
sometimes for the purpose of injuring 
prospective business of builders of four- 
valve engines, that it seems eminently 
proper for some comment to be made by 
builders of this type of engine. There 
is hardly a comment or statement in the 
Dean and Wood report that has not been 
twisted and distorted almost beyond 
recognition. The argument has even been 
advanced that builders of four-valve en- 
gines must realize that the four-valve prop- 
osition is a failure, because they had not 
in any way defended themselves in print 
since the issue of this paper. 

In answer to such comments, I have 
to say that in so far as builders of four- 
valve engines with the Corliss-type cyl- 
inder are concerned, no defense was called 
for. The tests were not made on engines 
of this construction and the adverse com- 
ments were made only with reference to 
the types of engine tested. We indorse 
many of the statements made by Dean and 
Wood and shall endeavor in a brief man- 
ner to discuss the comments made by them 
in so far as they pertain to four-valve 
construction, presenting them in the light 
in which we understand them. 

The first comment which has been wide- 
ly quoted reads: “There are several 
features in these results, as follows: The 
most important is that the four-valve en- 
gines, which were built to be more 
economical than single-valve engines, have 
utterly failed in their object.” 

This comment has been quoted in ab- 
stract as applying to all types of four- 
valve engine, without quoting other sec- 
tions of the paper forming a part of this 
comment. Dean and Wood made this 
statement as applying only to the engines 
tested, and not to four-valve construction 
in general. 

In further comment on the two four- 
valve engines tested we quote the paper: 
“These results show that efforts to realize 
economy by duplication or multiplication 
of parts, even if ports are shortened and 
clearances reduced, accomplish nothing. 
The duplication of valves used in both 
four-valve engines simply increases the 
opportunity for leakage.” 

This comment, fully discussed, would 
form a very long article itself. We can 
only, therefore, refer to it briefly. It 
is an oft-proved fact that increased wall 
area does increase cylinder condensation 
and consequently steam consumption. It 
has also frequently been proved that in- 
creased clearance does increase steam con- 


*Superintendent, Ridgway Dynamg and 
Engine Company. 
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sumption, unless compression is carried 
well up to the admission pressure. There 
is very little loss, however, if compres- 
sion is carried well up to the admission 
line. Any loss that does occur is largely 
due to condensation caused by the in- 
creased wall area incidental to increased 
clearance. These principles, we believe, 
are now well recognized by most steam 
engineers. 

As a check on increased wall-area ef- 
fect, the writer once used thin sheet steel 
to make a clock-spring-shaped coil, hav- 
ing an area nearly twice that of the wall 
area of one end of the cylinder, including 
the piston face and port walls. The cyl- 
inder head was moved back to obtain un- 
changed clearance volume. The engine 
selected was of the single-acting type, 
which made it necessary only to make the 
changes for one end. With this added 
wall area, the steam consumption was in- 
creased nearly 25 per cent. 

In economy tests of single-valve engines 
we have many times reduced the steam 
consumption nearly a pound, where com- 
pression was low, by adding exhaust 
lap and thus carrying the compression 
higher on the card. Neither of these, how- 
ever, is anywhere nearly as important 
a factor as leakage. The Dean and Wood 
comment makes this fact plain. With 
some designs, if not in first-class condi- 
tion, the leakage goes so far toward off- 
setting better steam distribution and de- 
creased clearance that litthe gain is ef- 
fected. 

The next comment made by Dean and 
Wood is as follows: 
these tests we do not hesitate to advise 
builders to abandon four-valve for high- 


“After considering 


specd engines, unless they are prepared 
to build a really high-class engine, having 
four Corliss or gridiron valves made and 
fitted in the best manner.” This sentence 
has been twisted and made to read that 
Dean and Wood advise abandoning the 
building of four-valve engines of every 
type, except drop-cutoff Corliss, which is 
not at all the real meaning of the Dean 
and Wood comment. Such engines as 
the Harrisburg four-valve, the Ball four- 
valve and the Ridgway four-valve, for ex- 
ample, are of the general design and con- 
struction referred to by Dean and Wood 
as the only types having economy pos- 
sibilities. Very naturally we agree with 
Dean and Wood to a large extent in this 
belief, or we would not be building an en- 
gine of this construction. This general 
type is illustrated by the Ridgway four- 
valve engine. 

Continuing the Dean and Wood com- 
ment, it reads: “Even then it would be 
necessary for them to prove their case. 
Steam engines of whatever type should 
have valves that are not only tight 
originally, but that should become so 
by wear, if they are not so originally. 
The wearing process should be a tight- 
ening process.” 

Tn this connection we believe that prac- 
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tically all Corliss-type valves tend to 
tighten, except those which span too wide 
an are in covering the ports, as, for ex- 
ample, if ports are placed on opposite 
sides of the valve, as the valve wears 
smaller in diameter it cannot wear tignt, 
but will do the reverse. The same thing 
is true of a valve which spans too large 


an are only to a lesser extent. Many 
Corliss engines, but by no means all, are 
successful in this respect. The Corliss 


engine reached good economy because of 
its excellent steam distribution, due to 
its four valves and drop cutoff, and be 
cause of the valves tending to wear tight 
rather than leaky. The Corliss valve 
does not have a heavy overtravel; it 
rests during the heavy pressure period of 
expansion and moves when the pressures 
on it are light; consequently, its wear 
is not as serious as it would otherwise be. 
in many Corliss engines the valve does 
not span a wide are and, therefore, it 
keeps tight more easily. There are, on 
the other hand, some Corliss engines that 
do not by any means wear tight. The 
pressure on the steam valves is the dif- 
ference between that in the steam chest 
and that in the cylinder. It is readily 
seen, therefore, why there should not be 
heavy movement of the valve during ex- 
pansion; this means the overtravel should 
not be more than that required to make 
it steam-tight. “The strains, the conse- 
quent wear and the resultant length of 
life of the valves and the valve gearing 
are very nearly proportional to the over- 
travel.” Some makes of four-valve en- 
gine have as much as two inches over- 
travel, while half an inch is ample for 
steam-tightness. To get a really good 
valve motion, one which will cut off the 
unnecessary overtravel and give sufficient 
port opening, is the most difficult problem 
of the four-valve builder. Once this is 
accomplished the motion is very similar, 
indeed, to that of the Corliss engine, and 
is adapted to the higher speeds so de- 
sirable for direct-connected service. 

While the Dean and Wood report calls 
attention to the necessity of the valve 
to tend toward tightening, it is well also 
to bear in mind that the valves and their 
seats should be of hard close-grained 
iron, and should be well fitted in such a 
manner that they will start off to glaze 
at once without Imving first to make a 
proper seat. There is seldom any trouble 
with the exhaust valves, where the Corliss 
wristplate movement is used to reduce ex- 
cessive overtravel. The difference in 
pressure on the two sides of. the ex- 
haust valves is almost as great and in 
some makes greater during their period 
of movement than that of the steam 
valves: as a rule, however, exhaust valves 
give less trouble than steam valves. There 
are some makes of four-valve engine 
which give entirely too much overtravel 
to the exhaust valves as well as the steam 
valves. The nearer the travel of both 
steam and exhaust valves approaches that 
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of the Corliss engine and yet eliminates 
he drop cutoff, the less will be the valve 
and gearing strains and wear of these 
parts. There are several four-valve en- 
vines on the market in which these strains 
are very apparent when the engines are 
running. Leakage by the steam valves 
and piston is more commonly a_ source 
of serious loss of economy than that of 
the exhaust valves. Leakage is very near- 
_ ly proportional to the length of the edge 
times the number of edges past which 
it can take place. If, however, the valve 
spans too wide an arc, wear makes leakage 
even more serious. A four-valve engine 
is purchased in preference to a_single- 
valve engine solely because of better 
economy. To insure this a purchaser 
should examine leakage possibilities and 
the of the movement to 
that of a Corliss engine. Bear in mind 
that the drop cutoff gives a very dif- 
ferent movement to that of a plain fixed 
wristplate motion. 


nearness valve 


Possibly the only expression of doubt 
regarding the Corliss-type four-valve cyl- 
inder contained in the Dean and Wood 
report is the clause: “Even then it would 
be necessary for them to prove their case.” 
In this connection have to say that 
the mere fact of building a Corliss-type 
evlinder does not by any means 
maintained economy, and while we believe 
this type of cylinder is the proper chan- 
nel through which to seek economy, we 
Dean and Wood, that 
the valves must be properly designed and 
fitted. 

In dealing with the foregoing comment 
by Dean and Wood, we associate with it 
a part of their next and last reference to 
the four-valve class of engine, reading as 
follows: “From the results we are justi- 
fied in thinking that most high-speed en- 
gines rapidly deteriorate in economy. On 
the contrary slower-running Corliss or 
eridiron-valve engines improve in economy 
for time and then maintain the 
economy for many years. It is difficult 
to see that the speed is the cause of this, 
and it must depend upon the nature of the 
valves.” While we agree with this state- 
ment in the main, we believe that many 
Corliss maintain their 
economy, due to bad valve design and 
construction. We refer to designs in 
which. the valve spans and is depended 
upon to maintain tightness over too wide 
an afc of its Also to rough ma- 
chining and ports and steam chests with 
sand scale sticking to their walls, a con- 
dition not at all uncommon with some 
makes of Corliss engine. We firmly be- 
lieve that four-valve engine builders have 
given greater attention to these details. 
We do not believe roughly fitted valves 
with ports improperly cleaned can ever 
fit themselves and glaze to a condition 
possible with a properly fitted valve. This, 
of course, applies equally to four-valve 
and Corliss engines. We also. believe 
the steam-valve seats should always be 


we 


insure 


also believe, with 


some 


engines do not 


seat. 
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fitted with cages of a closer- and harder- 
grained iron than that used in the cyl- 
inder. Some four-valve engines do rapidly 
deteriorate in economy and naturally so, 
because of too great overtravel, resultant 
heavy strains and and some _ be- 
cause of necessary seal over too wide an 
arc of the valve seat’ The higher speed 
may contribute slightly to greater wear, 
but the nature of the valve and its mo- 
tion are the real factors determining de- 
terioration or maintaining economy. The 
valves of Corliss 
rule span a wide 
heavy overtravels 
not, in the better 
fitted, deteriorate 


wear, 


engines do not as a 
arc and do not have 
and, consequently, do 
makes, where properly 
rapidly. If the four- 
valve engine is properly designed and 
built it will, due to its higher speed, 
exceed the Corliss engine in economy. 
Cylinder condensation is considerably re- 
duced by the higher speed. 

Economies have been obtained with the 
simple noncondensing four-valve engine 
that, as far as the writer is aware, have 
never been reached under the same steam 
conditions by any other type of engine. 
Kor example, a test conducted by Pro- 
fessor Spangler, of the University of 
Pennsylvania, on a 16x16 Harrisburg 
1our-valve engine, ruining noncondensing 
at a speed of 210 revolutions, gave an 
economy of 2234 pounds at full load and 
slightly better at 34 load, with 125 pounds 
gage pressure. 

A test of a 19x19 of the same make, 
made by Professor Diederichs, of Cornell, 
gave 22.77 pounds at full load and slightly 
better at 34 load. The steam pressure was 
about 125 pounds and the speed 205 rev- 
olutions, running noncondensing. 

We know very little of results obtained 
from Ball engines, but understand that 
they have obtained better than 23 pounds 
noncondensing, with 150 pounds steam 
pressure. For a tandem noncondensing, 
150 pounds steam, they have reached 18%, 
pounds. 

A test of a 19x18 Ridgway four-valve 
engine, at 200 revolutions and too pounds 
steam pressure, gave results as follows: 








Loan. 
H 4 } Full 1} 
30.7 24.4 23.2 23.8 25.4 
Tests made by this company of this 
engine gave for its best result at 130 
pounds pressure, 21.6 pounds; at II5 
pounds pressure, 22.6 pounds; at 85 


pounds pressure, 24.3 pounds. 

Three later engines of the same size 
tested by this company gave results at 100 
pounds steam pressure, 200 revolutions, 
as follows: 





Loap. 
3 3 Full 
Bngine No. 2806.............% 25.25 22. 22.7 
Bngine No. 2307 .......... 24.9 23.46 22.65 
Engine No. 2308.......... 24.59 22.3 21.9 
Engine No. 2308 was tested at 130 


pounds steam pressure and gave 20.17 
pounds per indicated horsepower per hour. 
Engines 2306, 2307 and 2308 were not in 
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any way especially fitted up to secure 
economy but simply built according to our 
standard practice. The results given here- 
with on these three engines are those of 
the first and only tests made on them. The 
uniformity of the tests from all three 
engines we believe to be unusual. 

The results of tests cited as sample 
cases, of Harrisburg, Ball and Ridgway, 
we believe were obtained by men whose 
integrity, as far as I know, is unques- 
tioned. If better results have been ob- 
tained from any other type of engine 
under like conditions with equal evidence 
of truth, we will be glad to know of them. 
There are many. four-valve engines of 
good design which have been in service 
from six to eight vears, with valves in 
fine condition and practically tight. 

To repeat, we believe maintained econ- 
omy in this type of engine is dependent 
upon reduction of unnecessary overtravel, 
properly fitted valves, valves which do not 
span a wide arc, close approach of the 
movement of the valves to that of a 
Corliss engine and good materials. 


The foregoing article was referred to 
F. W. Dean for criticism. His reply fol- 
lows: 

By F. W. Dean 

Referring to the foregoing, I wish to 
state, in order that the matter may be 
clearly understood, that the paper on the 
subject of the tests was written by me and 
then shown to Mr. Wood for criticism. 
Mr. Wood approved of the paper in a gen- 
eral way, except that he considered that 
my conclusions were rather broader than 
the results of the tests warranted. Per- 
haps he is right in this, but I decided after 
considering the matter that I would let 
the paper stand as written. 

It often happens in matters of this kind 
that conclusions are of doubtful mean- 
ing, but my general opinion of the matter 
of the four-valve engines tested was that 
they were of the kind that are not likely 
to give economical results; but it is also 
my opinion that four-valve engines can be 
designed that will give economical re- 
sults and which will continue to be 
economical for very many years. The 
understanding of my view as stated in the 
foregoing article is correct. In one place 
I recommended the abandonment of four- 
valve engines unless engines having four 
Corliss valves or four gridiron valves 
should be built. It now appears that there 
are three makes of engine of this class 
which seem to fulfil every requirement 
for permanent economy. 

In one of my comments I stated that it 
would be necessary for the makers of 
high-class four-valve engines to prove 
their case. The reason for this statement 
was that there were very few tests made 
up to the time of writing the paper and | 
was not in possession of data which 


showed what such engines could do. ' The 
results of tests quoted in the foregoing 








‘ 


June 22, 1900. 


article, however, show without any doubt 
that engines of this class can give unusual 
economy for simple noncondensing en- 
eines. My opinion is that if people really 
desire economy with simple noncondensing 
engines it would be desirable to buy en- 
gines of this class. Wherever the exhaust 
steam can be used this is of little or no 
importance. 





A Reciprocating Engine Enthusiast 


By F. L. JoHNson 





The engineer who is always down on 
his luck had just left me, after making 
a “touch” that showed that for once 
at least luck was with him “momenta- 
rially,” as the overload guarantees say. 
| sat thinking about him and his kind and 
wondering how an inspector could be in- 
fluenced or convinced that a man who 
took such poor care of himself could be 
trusted with the care of boilers and en- 
gines. His address card (minus the ad- 
dress), covered with thumb marks and the 
emblems of a half dozen engineers and 
fraternal societies, coupled with the 
talismanic letters, “M. E.,” would lead 
one to think that such a man, if really 
in good standing in so many organiza- 
tions, and if even tolerably clean, would 
always have work, and never be found 


jobless and moneyless on Manhattan 
island. His was perhaps a common if 
senseless predicament. His wages had 


heen reduced by his employer, who was 
losing money. Without stopping to con- 
sider that while looking for a new situa- 
tion a poorly filled pay envelop is al- 
most infinitely better than no envelop, he 
left, and with his last dollar bought a 
ticket for the city and helped to swell 
the ranks of the great army of unem- 
ployed engineers. 

As he went out, Sawyer came in and 
seated himself, and looking quizically in 
my direction, said: 

“T passed your friend in the hall, but I 
saw him first and gave him no_ op- 
portunity to notice me. I have known him 
by sight a great many years as a man of 
wide experience in losing situations. 
Somehow he always seemed to strike a 
perishable job, or if not naturally so, he 
soon made it one. I never really undér- 
stood until today how such helpless and 
incapable men got along in the world, 
but I see it plainly enough now. There 
are a whole lot of easy ones like you, 
who have been moderately successful, and 
who more or less patiently submit 
periodical holdups and thus help to keep 
them going. . 

“But I wanted to see you about some- 
thing else. Some time ago you published 
some indicator diagrams that I gave you 
along with some remarks about the nec- 
essity for compression and effect on the 


to 


coal pile. 
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Since that time I have had 
talks with three professors of mechanical 
engineering in different parts of the 
country, who have complete mechanical 
laboratories under their supervision, and 
1 have asked all of them to try an en- 
gine with a fixed load, such as could be 
furnished by the use of a water rheostat, 
with different of 
tribution (1 steam 


conditions steam dis- 
called it distribution 
instead of valve setting, because I was 
talking to professors instead of to en- 
gineers), and determine if more or less 
indicated 
with 


horsepower would be needed 
condition than with another. 
Well, each and every one was bored and 
practically said: 


ing this. 


one 


‘There is no need of do- 
We have calculated the steam 
consumption for all conditions of valve 
adjustment and know just how it will 
come out.’ 

“But,” I said, “you may know all about 
it; you may understand thermodynamics, 
entropy and things like that, while I do 
not, but I have run up against two or three 
things in the handling of steam engines 
for commercial instead of experimental 
purposes that have led me to think that 
you know a few things that are not so; 
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WHICH DIAGRAM WILL DELIVER 


RIM OF 


rHE 
THE 
and I want you to ‘show me. If I have 
been wrong all these years, I want to 
know and admit it to all of my friends 
and take the ‘joshing’ that is due me. | 
do not care to be the last person in the 
world to discover that | 
taken all the years of my engineering 
life. 

“T also suggested that this be chosen 
as a subject for a thesis by some graduat- 
ing student, but all to no purpose. 


have been mis- 


1 got 
one or two reluctant promises from some 
of them that an experimental run would 
be made. Months have passed and I have 
heard 
think that not one of the professors of 
mechanical the 
dares to conduct an exhaustive test and 
publish the results. 

“What I this: Here 
two diagrams, of equal area and conse- 
quently representing equal indicated horse- 
power, from the same engine. Applying 
Thompson’s rule for finding the steam ac- 
counted for by the indicator, I find a slight 
difference in the amount used per horse- 
power per hour. But what I want deter- 
mined by competent, unquestionable ex- 
pert authority is, which diagram will de- 


nothing, and I am _ beginning to 


engineering in country 


am after is are 
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liver the greater amount of power at the 
rim of the flywheel? 

“So far as I can discover there has been 
nothing at all, except arguments unsub- 
stantiated by facts, published on this sub- 
ject and now at a time when the field of 
the reciprocating engine is being invaded 
by the gas engine from one side and the 
turbine from the other, the few who are 
certain that the engine has not been al- 
lowed to do its best 
questions settled, 
the 
after 


want to have some 
With the question of 
best distribution settled, 

that about a quarter of the ex- 
pensive experimental work that has been 
given to the development of the turbine 
and the gas will place the 
ciprocating steam engine where it belongs, 
at the head of the list of machines for the 
conversion of heat into work, and, where 
it will stay until the wave motor and the 


steam and 


engine re- 


wireless transmission of power over long 
distances shall have become a part of our 
everyday life.” 

the talk, had 
gone out and as he relighted it and blew 
smoke rings, first a large 


During Sawvyer’s cigar 


one and then a 








smaller one which he skilfully blew 
through the large one, | asked: 

Power, N.Y. 
GREATER AMOUNT OF POWER AT THE 


FLYWHEEL ? 


“Why are you so sanguine about the 
possibilities of the steam engine?” 

“Well,” he replied, “for a long time 
designers have been ready to guarantee 
an indicated ten 


horsepower-hour — for 


pounds of steam. If they are willing to 
guarantee this they can deliver a brake 
for the 
go to 
making a 


horsepower-hour same amount, 
the limit of 


guarantee. 


his 
He 
wants a margin and never promises to 
all that knows can give. 
With a horsepower-hour delivered at the 
rim of the flywheel for ten pounds of 
let into the cylinder, a_ kilowatt- 
hour can be delivered at the switchboard 
at a that the turbine 
meet.” 


for will 


ability 


no man 


when 
he 


give he 


steam 


coal cost cannot 
I was about to tell Sawyer that he ap- 


the most enthusiastic re- 
that I had 
across the 


floor, starting most of the girls on a go- 


peared to be 
ciprocating-engine advocate 


niet when a mouse scurried 
as-you-please obstacle race over the of- 
fice furniture, and in the free-for-all grin 
that followed my friend remembered an- 
other engagement and wended his way to 
the elevator, softly whistling: “Gee, I 
wish T had a girl.” 
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Turbines’ 


The Rateau-Smoot Compared with the Parsons and Curtis Types 


Extreme Accuracy Not 


to Reliability 


Necessary 


and Efficiency 





B Y 


It has now been thoroughly established 
that the most efficient possible steam en- 
gine is a compound unit consisting of a 
reciprocating engine, acting between boiler 
pressure and approximately atmospheric 
pressure, exhausting to a low-pressure 
turbine, which in turn discharges to the 
condenser. 

Were it not for the fact that high-pres- 
sure turbines in large are vastly 
cheaper than reciprocating engines, it 
would be a safe prediction that all future 
plants would include turbines and en- 
gines. 

It is still a moot question, however, 
whether the greater cost of combined en- 
gine and turbine plant over that for tur- 
bine plant alone is authorized by the 
increased economy. 

In any event, however, existing plants 
equipped with reciprocating engines will 
show improved economy by running them 
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FIG. I. EFFICIENCY CURVES OF 7000-KILO- 
WATT LOW-PRESSURE TURBO-GENERATOR 


noncondensing and installing low-pressure 
turbines. 

it was not until the low-pressure turbine 
had been commercially developed that en- 
gineers fully realized the significance of 


the fact that the available energy per 
pound of steam between 150 pounds boiler 
pressure and 28 inches of vacuum was 


cut practically in halves by the line of at- 
mospheric pressure. 

This fact appears like a 
covery, because reciprocating engines have 
heretofore been wholly incapable of 
utilizing efficiently the energy below the 
atmospheric line. To obtain the expansion 
in an engine which can be readily reached 
in the turbine would require an enormous 
cylinder, whose friction would consume 
a large portion of the available energy. 
The turbine, however, can utilize as ef- 
fectively the energy between 26 and 28 
inches of vacuum it can utilize the 


*Read before the National Electric Light 
Association convention. Atlantic City, N. J., 
June 1, 2, 3 and 4, 1909. 


almost dis- 


as 


Se H. S M 


energy between atmospheric pressure and 
5 pounds below. 

Fig. I gives the manufacturers’ guar- 
anteed steam consumption curves for a 
7000-kilowatt low-pressure Rateau-Smoot 
turbine at 28.5 inches vacuum with an ad- 
mission pressure of 16 pounds absolute. 
At 7000 kilowatts the machine is guar- 
anteed to kilowatt-hour at 
the switchboard for 25.7 pounds of steam. 

An investigation of the steam consump- 
tions obtained such a turbine is 
used to compound high-pressure noncon- 
densing engines will of interest. 
The accompanying table shows the steam 
consumption, efficiencies, etc., for each of 
these two units. The figures taken for 
the steam consumption in both cases are 
rated very conservatively for machines of 
large power, the turbine being of 7000 
kilowatts capacity and the engines of over 
2000 kilowatts each, several of which could 


deliver one 


when 


prove 


O O T 


Fig. 2 is a logarithmic plot of the avail- 
able energy in steam for given admission 
and exhaust pressures. <A _ straight line 
passing from the pressure at the throttle 
to the pressure of the exhaust intercepts 
the central at the corresponding 
quantity of steam per unit of power avail- 
able in the This figure, divided 
by the efficiency of the engine, gives the 
quantity of steam per unit of power de- 
veloped. The formula from which this 
plot was made was originally developed by 
Professor Rateau from the entropy dia- 
gram and published in many of his papers 
on the subject of steam turbines. 

The question of the most suitable in- 
termediate 


scale 


steam. 


pressure for engine exhaust 
and turbine admission is not so important 
as it might 
sideration. 


seem from a cursory con- 
The pressure giving the maxi- 
mum efficiency for the whole plant is ob- 
viously the pressure that allows approxi- 
































| Pounds Steam Pressure 

Absolute. Theoretical | Steam per Pca Steam per 

cee Steam per |Kw.-Hour at E emg A of Indicated 

Kw.-Hour. |Switchboa’d,.| E2sine and H.P.-Hour. 
Admission. | Exhaust. | Dynamo. 
| } 

I inncnane xen a4.7 | 16 | 18 Ib. | 27.71b. |65 percent.| 23.4 Ib. 
Turbine... .cccccees 16 0.75 | 67 per cent. 





17.8 Ib. 26.6 Ib. 





Boiler pressure, 200 pounds, no superheat. 


Vacuum, 28.5 inches on 30-inch barometer. 








be used in conjunction with a single tur- 





bine. 
Steam per kilowatt from combined 
plant = 
I 
cial 
27-7 > 26.6 


pounds of steam per kilowatt-hour. 

The combined mechanical efficiency of. 
heat transformation into electricity repre- 
sented by these two units working in con- 
junction is approximately 66 per cent., 
after allowing for all losses in turbine, en- 
gine and dynamo. 

This combination of turbine and engine 
represents the very highest efficiency pos- 
sible to obtain in any kind of steam en- 
gine, since it places to best advantage the 
reciprocating and the turbine, 
neither one of which can, unaided, ac- 
complish the same result. The figures 
entering into these calculations are taken 
conservatively, and it is believed that the 
rating given to the reciprocating engine of 
23.4 pounds per indicated horsepower- 
hour compound noncondensing is a figure 
readily obtainable. 


engine 





mately equal efficiencies of heat trans- 
formation into power for engine and for 
turbine. 

In the case of highly inefficient engines, 
however, such a condition can never be 
reached, and the intermediate pressure 
giving a maximum output from the whole 
plant should be taken as high as the con- 
dition under which the engine is working 
will permit. This latter condition is gen- 
erally the case in engines working in steel 
mills doing highly intermittent service, 
for here, at the very best condition, the 
efficiency of the engine is always lower 
than that of the turbine. 

The type of engine used in central sta- 
tions, however, when exhausting in the 
neighborhood of atmospheric 
will show an efficiency practically equal 
to a low-pressure turbine, consequently 
very little difference in the plant effi- 
ciency will be made if the intermediate 
pressure is taken anywhere from 3 or 
4 pounds below atmosphere to 15 or 20 
pounds above. The reason for this wide 


pressure, 


range in pressure is to be found. in the 
that the efficiency curve for both 


fact 
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engine and turbine has a very flat top 
within this range, showing but slight rise 
or fall between either extreme. 


CoNDENSING APPARATUS 

Since low-pressure turbines work effi- 
ciently on high vacua, it is well worth 
while to investigate thoroughly the 
vacuum of maximum economy, putting on 
one side the cost of obtaining the vacuum 
and on the other the economy resulting 
in the turbine. 
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difficulty is encountered in obtaining a 
vacuum of 28.5 inches with water under 
70 degrees Fahrenheit, and similar results 
can be obtained with a surface condenser, 
provided a large water supply is avail- 
able which does not require a high lift 
to reach the condensing vessel. 

To obtain a high vacuum with either 
type of condenser, dry-air pumps are es- 
sential. 

When working on vacua over 28 inches, 
because of the low of the 
steam, barometric require 


temperature 
condensers 







CONSU MPTION 


POWER AND THE ENGINEER. 


much less water than surface condensers, 
since, in a well-designed barometric con- 
the water 
one or two degrees of the tem- 
of the incoming steam, thus 
utilizing practically all of its heat storage 
capacity. <A the 
other hand, when reduced to practical 
dimensions, requires a much larger dif 


denser, 
within 


discharged may be 


perature 
condenser, 


surface on 








ference in temperature between the dis 
charged water and the entering steam, 
and consequently more water to carry 
away the heat. 
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OF PERFECT ENGINE 

The features of the condenser, which, 
from a practical point of view, limit the 
obtainable vacuum, are—in the barometric 
type, the air pump capacity; and in the 
surface condenser, the quantity of water. 

Under fairly favorable conditions, the 
power expended to maintain a vacuum as 
high as 28.5 inches on a low-pressure tur- 
bine does not exceed 5 per cent. of the 
turbine output. 


TYPES 


The two types of turbine in extensive 


OF TURBINE 


IIoOl 


use are known as reaction 
machines. To the action type belong the 
Curtis, De Laval and machines. 
The reaction type is represented by the 


Parsons turbine. 


action and 


Rateau 


In an action-type ma- 
chine the pressure drop oecurs principally 
in the stationary nozzles, while in the re- 
action machine a uniform pressure drop 
occurs in of and 
consequently, in the reac- 
tion type of machine steam leaks around 
both 


necessitating 


each row stationary 


rotary buckets; 


and 
that 


stationary thus 
the running clearance 


between stationary and rotary elements be 


rotary blades, 


reduced to the minimum possible value, 


from which reduction in clearance arises 
the greatest source of trouble to turbines 
of this stripping blades . from 


their stationary and rotary elements. 


sort; ie., 

Stripping of the blades may sometimes 
be the result of improper fastening of the 
buckets to the drum. Obviously, 
the larger the number of rotary buckets, 


rotor 


the greater becomes the danger of strip- 
ping; first, because cach additional blade 
is an additional possible cause of trouble; 
and second, because the larger the num 
ber of blades, the more restricted the tur 
bine designer is in his method of attach- 
ment, owing to the space available and to 
the permissible cost of construction. 

The successful operation of this type 
of turbine has always depended on most 
accurate workmanship, together with ex- 
treme care in assembling, and thoroughly 
reliable means to prevent foreign matter 
being carried by the steam into the tur- 
bine. 

The clearance 


close 


in these 


machines to show good steam economies 


necessary 


is frequently sacrificed in order to obtain 
greater reliability of operation. 

Particular care is also required in start- 
ing the larger machines of this type, as 
they must be brought to a uniform tem- 
perature, corresponding nearly to the tem 
perature at which the machine is to work 
before starting, this being necessary in 
order to allow the various parts to reach 
their working temperatures and their cor- 
responding heat expansions. 

The importance of this feature is readily 
seen from the fact that the expansion of 
the rotor when heated from the tempera 
ture of the atmosphere up to that of the 
working steam often exceeds the clearance 
between rotor and stator. The process of 
warming up such a machine is a slow one, 
because, lirst admitted, the 
upper portions of casing and rotor are 
heated first, causing them to expand; the 


as steam ts 


lower portions, not expanding so much, 
give a slight 
rotor. 


curve to both casing and 
for the central 
portion of the turbine to rise is further 
augmented by the resistance of the lower 
portion of the turbine slide 
lengthwise of the as it 
panded by increasing temperature. 


This disposition 


casing to 
subbase is ¢x- 

The significance of these features would 
not appear if it were not for the close 


running clearance. An action type of 








1102 


machine, on the contrary, having large 
running clearances, can with safety be 
brought up to speed and full load, when 
cold, in two or three minutes. 

In the action type of machine the mov- 
ing element has no appreciable pressure 
drop from entering to leaving side of its 
buckets, and therefore no disposition for 
steam to leak around the buckets in pref- 
erence to passing through them; conse- 
quently, a large clearance is permissible 
round the rotary buckets. Furthermore, 
the rotary buckets are carried by wheels 
mounted on a shaft and between con- 
tiguous wheel elements the stationary 
diaphragm containing the expanding noz- 
zles can be carried down to the shaft, 
and between it and the shaft is a run- 
ning clearance of very much less diameter 
than that the reaction 
type of machine. 

Turbines, in common with all engines, 
are subject to deterioration with service. 
The actions tending to lower their steam 
economy are: 

irst—A gradual increase in the quan- 
tiiy of steam leaking through clearance 
spaces, which bypass the active portion of 
the turbine; and 

Second—The wearing of the buckets 
and guide vanes, distorting them from 
their proper shape, thus lowering their 
mechanical efficiency. 

The losses coming under the first case are 
of very little significance in the action tur- 
bine, because in such a machine the 
diameter of the clearance space is small, 
usually that of the turbine shaft; but in 
the reaction type of machine the diameter 
of the clearance space is large and equal 
to that at the buckets, giving a leakage 
area much larger than that of the action 
machine. The clearance is increased with 
use of the machine, by the wear from 
steam passing at high velocity, together 
with the entrained water and particles of 
dirt. 


necessitated by 


On both action and reaction machines 
the buckets are subject to wear, the ex- 
tent of which depends upon the relative 
velocity of steam passing over the bucket, 
the maximum value of which varies in- 
versely as the square root of the number 
of pressure stages. In the reaction type 
of machine the wearing of buckets is 
largely a question of design, and is more 
or less unaffected by the number of stages. 
In general it seems probable that the re- 
action type of machine is subject to a 
much more rapid loss of efficiency than an 


action machine, when both causes are 
taken together. 
RELIABILITY OF OPERATION 


A turbine is subject to few, but very 
serious, accidents, which may be classified 
as follows: 

First—Contact between stationary and 
rotary elements. 

Second—Stripping of the blades. 

Third—An accident. arising through an 
interruption or failure in action of the 
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auxiliaries employed to maintain the tur- 
bine in operation. 

The rotary element can come in con- 
tact with the stationary element only when 
the clearance space is small, and when 
such is the case the intervening space can 
be bridged by an unequal heat expansion, 
through foreign matter becoming wedged 
in the opening, or through a slight loosen- 
ing of any one of the numerous rotary 
buckets. If contact is once established, 
the damage is liable to be severe. It has 
frequently been stated that the clearance is 
automatically maintained by the wear 
which it produces. This may have hap- 
pened in some instances, but usually the 
cuttings are welded to the rotary element 
and pile up, increasing the violence of 
contact until the heat generated results 
in serious damage. The damage produced 
in this manner, through contact of the 
rotary element, is above all else the most 
frequent trouble encountered in turbine 
operation, and every effort should be made 
so to design and manufacture turbines that 
this source of annoyance is either entirely 
eliminated or the probability of this kind 
of trouble reduced to a minimum. 

It appears safe to state that a clearance 
between stator and rotor less than three- 
thirty-seconds of an inch is absolutely 
unsafe, and that a clearance of one-eighth 
of an inch to five-thirty-seconds of an 
inch is vastly preferable, so long as the 
resulting steam leakage is not serious. 
In the larger action type of machines, 
clearances of this magnitude produce loss- 
es of less than one per cent. 

The buckets may be stripped by contact 
with the stationary element. An action 
turbine has a very large clearance around 
its buckets (one-quarter of an inch or 
more) and therefore is practically free 
from damage of this character. In this 
type of turbine the minimum clearance 
occurs between the pressure diaphragm 
and shaft. When contact occurs  be- 
tween shaft and diaphragm, the resulting 
damage is generally a warped = shaft, 
caused by a spot on the shaft becoming 
overheated and, through its expansion, 
permanently warping the shaft out of line. 

An interesting phenomenon is illustrated 
when shafts come in contact with 
diaphragms. No matter how perfectly 
the rotary elements may be balanced, it 
is impossible to have an exact coincidence 
between the geometric center of the shaft 
and the mass axis of the rotary element. 
When the machine running at full 
speed it rotates as nearly about its mass 
axis as possible, throwing the shaft slight- 
ly eccentric, and when contact is es- 
tablished it occurs first at that portion 
of the shaft surface farthest from its axis 
of rotation; consequently, there is always 
one spot in the shaft which touches the 
stationary element first and localizes the 
heating to a small section of the shaft 
periphery. The heating of the shaft at 
this spot expands it, thus lenethening one 
side of the shaft more than the other, 


is 
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causing 
pushing 
contact 


it to warp slightly out of true, 
the spot which has been heated by 
still farther away from the axis 
of rotation and increasing the violence of 
contact. This can be largely—or entirely 
—overcome by presenting to the shaft but 
a very small metallic surface, or by facing 
the diaphragms with carbon blocks, which, 
through their nature, are incapable of pre- 
senting sufficient resistance to cause a 
violent heating. 

The preservation of a proper clearance 
between rotor and stator, as between one 
type of machine and another, is a ques- 
tion of its design and construction. The 
machine that is so constructed that, when 
nearly assembled, the running clearance 
may be inspected, has a great advantage 
over the machine which must be put to- 
gether piece by piece. 

The vertical machine is at a disad- 
vantage in this respect on account of the 
necessity of assembling it piece by piece, 
threading over the shaft successively 
diaphragms and wheels, thus placing on 
the erector of the machine a great re- 
sponsibility and difficulty in maintaining 
the clearance; for after a wheel and 
diaphragm have been placed, it is dif- 
ficult to inspect the clearance. A horizontal 
machine, on the other hand, eliminates 
this difficulty almost entirely, for in such 
machines it is possible to split the ma- 
chine through its horizontal center and 
assemble in position each half, then in- 
spect the clearance in both halves. 

The turbine auxiliaries are the pumps 
for lubrication and for supplying the 
fluid pressure to step bearings. Fre- 
quently, also, the governcr mechanism in- 
cludes an auxiliary as a connecting link 
between the flyball governor and the con- 
trol valves. Any one of these may cause 
trouble to the turbine, since its operation 
is dependent upon them, and their failure 
results in the failure of the whole turbine. 

All of these auxiliaries appear unneces- 
sary, and it would seem that they were in- 
troduced as a means of patching up fea- 
tures which might better 
omitted. 

Bearings have been lubricated by oil 
rings for many years, and the bearing 
of a turbine may be lubricated by an oil 
ring with the same ease as the bearing 
of a 1-horsepower motor. 


have been 


The auxiliaries to maintain in action a 
step bearing have been made more reliable 
by the installation of two pumps and an 
hydraulic accumulator, so that any two 
of these elements may fail, leaving one 
in operation. This seems a somewhat 
elaborate method of increasing the re- 
liability of an essentially simple machine, 
and perhaps the easiest way to obtain the 
desired results would consist in omitting 
entirely the step bearing by placing the 
turbine in a horizontal position. 

A forced-feed bearing lubrication is 
thought necessary in the reaction type of 
turbine, because in such machines, having 
as necessity a close running clearance, 
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the bearings must also be given a close 
running clearance, which is too small to 
permit oil to enter the rubbing surfaces 
unless its entrance is forced. In a ver- 
tical-type machine, oil ring bearings are 
of course an impossibility. 

As an example of what can be 
done in simplifying turbines, Fig. 3 
illustrates a Rateau-Smoot turbine. In 
this machine the bearings are babbitt- 
lined, self-alining, water-cooled and lubri- 
cated with oil rings. The complete journal 
bushing can be removed without dis- 
turbing any other portion of the turbine 
except the bearing which is to be opened. 

3etween the shaft and diaphragms the 
least clearance is three-thirty-seconds of 
an inch, and between buckets and casing 
the minimum clearance is one-quarter of 
an inch. The wheels are of the type il- 
lustrated in Fig. to. The buckets are il- 


lustrated in Fig. 9, and are held astride 
of the wheel periphery by transverse 
rivets, thus eliminating all metal at the 
wheel periphery not absolutely required 
for the bucket attachment. 

* The governor of this machine is 
mounted directly on the turbine shaft, 
and the motion from the flyballs is trans- 
mitted by a solid steel link to the steam 
admission the well- 
known double poppet balanced type, and 
controls the throttling the 
steam, thus varying gradually the amount 
of steam adynitted to the turbine. 

The writer thinks that this is a better 
method of governing a turbine than by 
means of a series of nozzles which are 
operated either wide open or closed, for 
it frequently happens that the load which 
the turbine is driving is represented by a 


valve, which is of 


machine by 
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certain number of nozzles wide open, plus 
an additional amount less than one com- 
plete nozzle opening, consequently it is 
impossible to maintain the turbine at a 
constant speed, for a slight increase of 
speed is necessary to open wide the ad- 
ditional nozzle, and a slight decrease nec- 
essary to cause its shutting, thus com- 
pelling the turbine to run between these 
two limits, i.e., the speed sufficient to open 
the valve and a speed sufficient to close 
it. This is particularly annoying when 
turbines are operating in parallel 
other turbines having a 
or with reciprocating engines, for it is 
possible that the disposition for slight 
speed oscillation may fall in step with 
these of other turbines or engines, and 
cause fairly pronounced 
the entire system. 


with 
similar control, 


oscillations in 
Instances of this kind 
have been noticed. With a straight throt- 


. 


O 


tling governor, on the other hand, the 
variation in the quantity of steam ad- 
mitted to the turbine is absolutely gradual, 
and a perfect balance can be maintained 
the load and the quantity of 
steam applied to the turbine. 
Governing 


between 


which the 
flyballs do not control directly the admis- 
sion valve, but do so through the agency 
of an intermediate 
chanical 


mechanisms in 


other 
source of 


motor or me- 


device whose energy 
is independent of the flyballs, are always 
equipped with a speed-limit device, and 
advisedly so, because of the intermediate 
motor, which is a break in the connecting 
link between flyballs and control valves. 
The presence of this intermediate motor 
is required by the large amount of energy 
needed to operate unbalanced valves on 
the one hand, and the small amount of 


energy available in the flyball governor 
on the other hand. 

A more practical method is to put the 
control valves approximately in balance 
and to connect them by solid links to the 
governor flyballs, which may be given suf- 
ficient energy to operate the valves within 
the speed regulation desired. 


CoMPARISON OF CURTIS AND RATEAU 
TURBINES 


The types of action turbine which have 
been fully which 
the features, 
both in economy and reliability of opera- 


most and 


promising 


developed 
represent most 
tion, are the types known as “Curtis” and 
“Rateau.” Both of these types lend them- 
the units in 
sizes up to the largest single power-pro- 
ducing unit yet conceived. 


selves to construction of 


Aside from very important considera- 
tion of general arrangement, the essential 
difference between the Curtis and Rateau 
machines 

In the 
panded successively in a series of nozzles 
playing on moving buckets which absorb 
entirely the tangential component of the 
exit After 


leaving the row of moving buckets, the 


lies in the following: 


Rateau. machine steam is ex- 


velocity from the nozzles. 
steam, which has been reduced to only suf- 
ficient velocity 


turbine, 


the 


nozzles 


for its flow through 


enters another row of 
through which there is a pressure drop 
creating a second velocity, which is in 
turn absorbed by a second row of moving 
buckets, and so on to the exhaust end of 
the turbine. 

In the Curtis machine the pressure drop, 
which in the Rateau type occurs through 
two nozzles, is lumped into one nozzle, 
which often is of the converging-diverg 
ing type, in order that the exit velocity 
may exceed the critical velocity for steam. 

The steam from this nozzle is then re 
ceived by a row of moving buckets, the 
speed of which, however, is insufficient to 
absorb the tangential 
ponent of the original velocity, 


completely com- 
and there- 
fore the velocity of the steam leaving the 


first row of buckets represents a consider 


able amount of energy which is utilize: 


in a second row of buckets by passing 


it through stationary guide vanes so ar 
ranged as to reverse its tangential com- 
ponent, directing the steam anew upon the 
second row of buckets. 

At present a Rateau low-pressure tur- 
for hi: 
vacuum eight successive steam nozzles and 


bine of large size would have 


eight successive rows of moving buckets. 
The corresponding Curtis machine wou! 
probably have four successive steam noz 
zles, each playing on two rows of movin»y 
buckets, making a total of eight rows of 
moving buckets. Under these condition 
with an admission pressure equal to at 
mosphere and an exhaust pressure of 
27.5 inches on a 30-inch barometer, the 
steam velocity leaving the Rateau nozzles 
would be approximately 330 meters per 
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second, and the velocity leaving the Curtis 
nozzles would be approximately 45 
meters, at which condition it enters the 
first row of buckets. In the Rateau ma- 
chine this velocity is reduced to just 
enough for the steam to flow into the 
next succeeding nozzles, while in the Cur- 
tis machine such a reduction is impos- 
sible and the large exit velocity from the 
first row of buckets passes through guide 
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FIG, 4. RATEAU BUCKETS AND NOZZLES 


blades, which, without a change of pres- 
sure, reverse the steam flow and permit 
the velocity remaining to be absorbed in 
a second row of buckets. 

It is of interest to note that experi- 
ments have thoroughly established the 
fact that the loss of energy due to fric- 
tion and eddy currents in a well-designed 
steam nozzle, in which velocity is created 
by a reduction of pressure, does not ex- 
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FiG., 5. CURTIS BUCKETS AND NOZZLES 


ceed 5 per cent.; and in nozzles of large 
sectional area comes down to 2 per cent., 
while the energy loss when steam at high 
velocity is caused to move in a curved 
channel—as in the rotary buckets and 
stationary guide blades of the Curtis ma- 
chine, which are equivalent to buckets— 
runs all the way from 15 to 30 per cent.; 
dependent upon the design, construction, 
size, ete., of the buckets. 

For equivalent pressure drops, the 


POWER AND THE ENGINEER. 


Rateau type of machine has two nozzles, 
in which the loss is small, and two rows 
of moving buckets, in which the loss is 
large. The equivalent Curtis element rep- 
resenting an equal pressure drop has one 
nozzle, in which the loss is small, fol- 
lowed by two rows of moving buckets and 
one row of stationary guides, three in all, 
for which the loss is high. Figs. 4 and 5 
show, respectively, the corresponding cle- 
ments of Rateau and Curtis turbines. 
Professor Rateau, in a paper read at 
the St. Louis LExposition, showed that 
the maximum possible obtainable — ef- 
ficiency with each type of turbine dif- 
fered some 20 per cent. with the bucket 
construction then in use, and that the dif- 
ference could not be overcome by any 
feature of bucket construction or design, 
since whatever is obtainable in one type 
of machine in the way of reducing losses 
in buckets is also possible in the other 
type of machine, the Curtis type having, 
however, always the additional loss rep- 
resented by the stationary guide blades 
constructed like buckets and having loss- 
es equivalent to those occurring in a 
bucket, while in the Rateau type of ma- 
chine the corresponding element is an ex- 
panding nozzle in which the losses are 
very small. In addition to this, the losses 
of energy due to shock are greater in 
the first row of buckets on the Curtis ma- 
chine, because the entering steam has some 
40 per cent. greater velocity than in the 
Rateau type. These differences cannot be 


overcomnie. 


TURBINE BUCKETS 

‘ig. 6 represents a row of buckets, the 
center portion of which has been in- 
creased to give between adjacent buckets 
approximately a uniform width of steam 
channel. The angles of entrance for steam 
at full load and light load are shown by 
arrows in the cut. Tig. 7 shows the 
type of bucket employed in the Rateau 
Smoot turbine, with the angles of steam 
entrance for full and light load also 
indicated. 

These figures show that it is a mistake 
to increase the thickness of a_ bucket 
toward the center, as at light loads the en- 
tering steam abruptly strikes the rear of 
the buckets. The loss” resulting is 
doubled. First, there occurs the loss 
due to the steam shock itself; and, second, 
the loss due to the fact that the reaction 
from this shock is tending to drive the 
turbine backward and not forward. 

The writer is quite unable to see any 
advantage in a bucket which is thicker 
in the middle, having a crescent section. 
As a matter of resisting the steam wear, 
it should be noted that the edges of all 
buckets, whether of crescent section or 
otherwise, are the portions principally sub- 
ject to the steam erosion and are of 
necessity made thin in order to reduce the 
steam friction of the jet entering the 
bucket wheel. When these thin edges are 
worn the bucket has lost its proper section 
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and becomes highly inefficient, for the 
crescent section equally as well as for a 
section of uniform thickness. In addition 
to this time, which is negative in its 
character, a crescent-section bucket pre- 
sents the disadvantage already noted of 
increased losses on the light loads; but 
still more serious from the _ designer’s 
point of view, it greatly increases the 
weight of metal in the bucket. 
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FIG. 6. STEAM FLOW AT FULL LOAD AND 
STEAM AT LIGHT LOAD IN CRESCENT- 
SHAPED BUCKETS AND IN BUCKETS 
OF UNIFCRM THICKNESS 


At ordinary bucket speeds for the multi- 
stage type of turbine, the centrifugal force 
per pound of bucket weight amounts to 
from 1099 to 2099 pounds, and therefore 
each additional pound of material over 
that absolutely necessary adds to the 
wheel an enormous disruptive effort. 

The function of the wheel is primarily 
to hold the buckets, and if the weight of 
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PIG. 7. STEAM FLOW AT FULL LOAD AND 
STEAM AT LIGHT LOAD IN CRESCENT- 
SHAPED BUCKETS AND IN BUCKETS 

OF UNIFORM THICKNESS 


the buckets is doubled the weight of the 
wheel itself must be doubled in order to 
hold the buckets securely in position. 

The limiting strain in the wheel is its 
elastic limit and not the ultimate strength 
of the material employed, for if once the 
elastic limit of a wheel has been exceeded, 
it is stretched out of its original shape 
and the running balance destroyed, caus- 
ing the turbine to become inoperative 
through the violence of vibration ensuing. 
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With equal weight, the strongest wheel. 
is the one which has the lightest periphery, 
for it is the weight of the periphery which 
produces the strain. 

Buckets which are held in position by 
means of a dovetailed fit are objectionable 
because of the large amount of weight 
entailed by the dovetail construction. On 
the other hand, the bucket which is held 
astride of the wheel and riveted through 
by rivets parallel to the shaft has maxi- 
mum lightness for the strength requisite 
to hold the buckets in place. 

Fig. 8 shows a typical dovetailed meth- 
od of mounting buckets on their wheel, 
and Fig. 9 shows the type of mounting 
adopted in the Rateau-Smoot turbine. 
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FIG.9, BUCKETS HELD 





FIG. 8. BUCKETS 


DOVETAILED ASTRIDE 


It should be noted that much less metal 
is required at the wheel rim in the Rateau- 
Smoot turbine than is required by the 
dovetail construction. This metal is en- 
tirely unable to hold itself against the 
ccntrifugal force produced by its rotation 
and therefore must be carried by metal 
provided at the center of the disk, a heavy 
section being a source of weakness rather 
than one of strength. 

The cross-section of the Rateau-Smoot 
bucket and wheel is taken from a 2000- 
kilowatt, 1500-revolutions per minute low- 
pressure turbine which can be driven at 
3090 revolutions per minute without pro- 
ducing a strain in buckets or wheels ex- 
the elastic limit of ordinary 
flanged steel plate. 


cceding 
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Bucket WHEELS 


Since the original single-wheel turbine, 
running at enormous speeds, invented by 
De Laval, 
made of 


have been 
strengths of 
All of these 
analyses unfortunately contain as prime 
assumption a_ practical fallacy. ‘These 
wheels have been designed for uniform 
strains in both tangential and radial di- 
rections, and the material of the wheel 
has its elastic limit 
coincided with its ultimate strength, the 
point of danger being considered as the 
elastic limit. 


various 
the strains and 
disks turning at high speeds. 


analyses 


been treated as if 


The result produces a wheel 
section whose obvious 
when it is borne in mind that all metal 
placed within the radius lettered B, Fig. 
10, is capable of holding itself and also 
an additional load, while all metal ex- 
ternal to the radius lettered B is incapable 


fallacy will be 


of holding itself against centrifugal force, 
consequently it is simply necessary to add 
sufficient metal within this radius to hold 
together the entire wheel. When a wheel 
has been designed for uniform radial and 
tangential the that 
It, in which it will be 
noted more metal is added outside of the 
critical than the illus- 
trated in Fig. to. assumption of 
equal radial and 
the basis 
irrational 


stresses, section is 


shown by Fig. 
for wheel 

The 
tangential 


radius 


stresses as 
for wheel design leads to an 
either radial or 
tangential stress is sufficient to hold the 
all material 
construction of a 


conclusion ; 


suitable 
turbine 


wheel together, as 
for the wheel 
possesses in a high degree the property 
of stretching the elastic limit, 
and when tangential stresses exceed the 


bevond 


elastic limit and radial stresses fall under 
the elastic limit, an inlinitesimal 
in a tangential direction will allow a 
sufficient elongation radially for the radial 
stresses to carry their proper share of 
the load. 

While it is true that a wheel is unsat- 
isfactory if both tangential and radial 
stresses exceed the elastic limit, ‘it should 
also be borne in mind that either one can 


stretch 


hold in position the wheel, regardless of 
what happens to the other. 

For example, in the wheel illustrated 
by Fig. 10, the maximum stress has been 
taken at 8990 pounds per square inch, 
the material being ordinary flange steel. 


At the position lettered «1, the tangential 


stresses may considerably exceed the 
elastic limit.. The radial stresses, however, 
are much under the elastic limit, and 


when under test, prior to ‘assembling on 
the shaft, the wheel has been brought to 
double its normal speed, a minute tan- 
gential stretch of the wheel allows the 
radial stresses to reach a sufficient value 
to hold the outer periphery to the heavier 
central portion, the permanent stretching 
occurring tangentially, but not radially, 
thus allowing the radial stresses to as- 
sume a value sufficient to hold the wheel 
together. 
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TurBINE SHAFTS 
Starting bucket of known 
weight, a wheel can be calculated strong 
enough to hold the buckets in place. The 
heavier the bucket, in equal proportion the 


from a 


heavier the wheel, consequently heavy 
buckets produce heavy wheels. Heavy 
wheels reduce the critical speed of the 
shaft, unless the shaft is also made 


heavier to offset the effect of the increased 
weight placed upon it. 
shaft, two 
First, because it increases the peripheral 


It is objectionable 
to use a large for reasons : 
. rs ‘ ° 
speed of rubbing surfaces in the bearing, 
making them more difficult to keep cool; 
and, second, because it increases the diam 
eter of the clearance space between shaft 
and pressure diaphragms, adding to the 

steam leakage. 
Various attempts made to 
operate turbines in which the normal run- 


have been 
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FIG. 10 FIG. II 
ning speed was greater than the critical 
speed (the critical speed of a shaft is the 
speed corresponding to the number of 
vibrations which the shaft, together with 
its carried weight, will make, and when 
given in revolutions per* minute is the 
minute the shaft 
can sustain when once started oscillating). 
The calculation . of 
be carried out by the process of graphical 
and 


oscillations per which 


critical speeds can 


integration, highly accurate results 


obtained, no matter how complex the dis 


tribution of load upon the shaft may be 
or how widely varying may be the shaft 
diameter. 

The execution of such a calculation, 


however, is a cumbersome matter, and 
when the critical speeds of a 
different shafts have been determined in 
this manner, the corresponding constants g 


in the for 


series of 


following formula critical 


speeds 


Critical speed (r.p.m.) = 









Dp? 
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are determined for all shafts whose es- 
sential characteristics are similar to those 
whose complete analysis has been carried 
through. 

When sufficient experience has been 
gathered to determine for a given shaft 
the value of this constant, the critical 
speed of the shaft may be taken from a 
logarithmic chart, as shown in Fig. 12, 
which gives the critical speeds for the 
ralue of the constant g equal to 1.05, the 
value most frequently encountered in tur- 
bines of the multicellular type. For tur- 
birnes whose shaft construction entails a 
different value of g, the corresponding 
critical speed may be directly deduced 
from that given by the logarithmic chart. 


VIBRATIONS 


A turbine may vibrate objectionably or 
destructively, depending upon the ampli- 
tude of the The causes of 
the vibrations may be found either in a 
shaft whose critical speed is under the 
running speed, or in wheels which have 
strains both radial and tangential near the 
elastic limit, thus causing a and 
continued deformation of the wheel and 
consequent shifting of its mass axis. 'rom 
the dynamo end, vibrations can also be set 
up if the windings are insecurely held in 


vibrations. 


slow 


position and gradually shift their position. 

A properly designed turbine and dyna- 
mo, when once placed in balance so that 
the unit runs quietly, should never show a 
tendency to greater vibration; and, when 
such is the case, the design is at fault, 
for the weights carried on the shaft must 
sl ‘ft in order to throw the machine out 
of balance. 

incidentally, this would seem to con- 
demn a turbine and dynamo running on 
three bearings, for in such a machine any 
slight disposition toward vibration in tur- 
bine dynamo will be transmitted 
through the solid shaft and set up vibra- 
tions in the unit, thus causing 
the turbine to vibrate and its shaft to 
tremble when the turbine itself is not at 
fault, but the dynamo is out of balance. 
I consider the machine 
questionable for this specific reason, in ad- 
dition the difficulty of 
in alinement three 
Another serious objection to a 
the shaft 
may pound on the central bearing, for 
the unit endeavors to run as a two-bear- 
ing machine running free of the central 
bearing and oscillating by the clearance 
given that bearing, thus placing on the 
central the duty of restricting 
oscillations and limiting their amplitude by 
absorbing the blow struck by the shaft 
at each oscillation. 


or 


other 


three-bearing 


well-known 
perfect 


to 
maintaining 
bearings. 


three-bearing machine is that 


bearing 


In vertical machines this sometimes re- 
sults in very serious damage to the fasten- 
ings of the central bearing, for under 
these conditions it is subjected to enor- 
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mous lateral strains, capable in some in- 
stances of shearing loose the attachment 
of the central bearing to the supporting 
framework. I consider it vastly better, 
although somewhat more expensive, to al- 
lew a bearing at each end of turbine 
and dynamo shaft and to insulate against 
transmitted vibrations from one to the 
other by using two separate shafts, placing 
between the two central bearings a non- 
rigid coupling which will allow one shaft 
to bend without transmitting a bending 
movement to the other shaft. 


Oi RinG BEARINGS 


The writer had the opportunity of in- 

















June 22, 19009. 


each groove throwing a stream of oil 
0.25 inch in diameter several feet into 
the air, showing that the grooves simply 
provided vents for the back flow of the 
oil, which would otherwise have been 
carried into the journal, through its ad- 
hesion to the shaft, and indicating the 
truth of a theory which we have all held, 
but with considerable doubt, that a high 
speed journal floated on an oil film. 


SUMMARY 


In this paper I have endeavored to 
show that steam turbines are in no way 
dependent on accurate workmanship for 


their reliability, and that simplicity and 
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vestigating the action of oil in bearings 
running at high speed, and ran a 5x13-inch 
bearing at full (1500 revolutions 
per minute), with normal load with the 
top cap removed. 


speed 


The bearing in which the experiment 
was made was provided with the usual 
oil grooves and lubricated by rings having 
a positive pumping action, supplying oil 
At 


half speed and above, oil, instead of be- 


from the oil reservoir to the journal. 


ine carried into the journal through the 


oil grooves, squirted upward from the 


grooves against the direction of rotation, 


reliability will 
construction. 


always go together in their 
I have also wished to express the idea 
that high efficiencies can be obtained with 
out endangering the reliability of the tur 
bine. 
Furthermore, | suggest thi 
owners of noncondensing plants consid 
the opportunity of utilizing the exhau 
of their reciprocating engines in low-pre: 
sure steam turbines, and thereby adopt 
a method of rejuvenating their plants 
by one of the most efficient methods of 
developing power from steam. 


strongly 
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WE PAY FOR USEFUL 


Traveling Crane Trouble Remedied 


At one place where I was employed, a 
rope traveling crane was constructed. 
When this crane was put into operation 
it was found that when traveling longi- 
tudinally the load suspended, from the 
crane hook swung violently, thus increas- 
ing the tension in the rope and the bend- 
ing in the crane girders, making these 
stresses more than due to the load it- 
self. To obviate this the following ad- 
dition was made: 

Two short H-beams were laid across 
the crane-carriage girders as shown here- 
with. On these beams a cast-iron plate 
A was placed with ears for six bolts, 








Carriage 














+-Mild Steel 


Slot for support- 
ing Pin DX 
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these bolts holding a corresponding plate, 
made from the same pattern with the two 
additional ears B hard against the under 
side of the beams. From these ears were 
hung the links for supporting the load 
when the crane was traveling, as may be 
seen at C. These links were free to 
rotate about the pin E, so that when the 
crane was about to travel longitudinally 
the load was raised, the pin D pushing 
the links C aside until the pin D was suf- 
ficiently high so it could be lowered into 
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the slot provided in the link for it. As 
the load then rested on these links, the 
tension thus taken from the rope. 
When lowering the load, it was first raised 
a little, the links C were then swung 
to one side, thus permitting the pin D to 
be lowered clear of the slot. 
Joun Doe. 


was 


Glasgow, Scotland. 





Allowance for the Difference in 
Water Level When Testing 
Boilers 


The A. S. M. E. standard method of 
testing boilers directs that the allowance 


A 


ING-CRANE TROUBLE 


for any difference in the water level be- 
tween that at the beginning and at the 
ending of the test should be computed, 
and the amount properly credited. The 
method of making the computation, how- 
ever, is not explained. 

As there is very little published relating 
to this phase of boiler testing, the writer 
believes the following formula will be 
found useful to those who have not de- 
veloped a convenient method of doing the 
work. This formula 2pplies to the case 


IDEAS 


where the water is lower at the end than 
at the beginning of the test, or , 
Cx W (H—h) 


— H—K° 





where 

A= Amount of water, in pounds, to 
be added to the weight already 
furnished to the boiler, 

C = Space in cubic feet that must be 
filled in order to bring the water 
level to where it was at the be- 
ginning of the test, 

W = Weight of a cubic foot of water 
at the the 
steam pressure, 

H =B.t.u. in the steam at the given 
pressure, 


temperature due to 


h = B.t.u. in the water in the boiler, 
K = B.t.u. in the feed water. 


The boiler should be measured, and the 
volume of the deficit 
lated. 


in cubic feet calcu- 
The weight per cubic foot of the 
water at the temperature corresponding 
found in 
engineers’ 


to the boiler pressure can be 
tables of 
handbook. 


steam almost any 
The other data required are 
furnished by the boiler-test log or taken 


from steam tables. 


The following example is given to illus- 
trate the use of the formula: 

The log of a test shows boiler pressure, 
gage, 110 pounds; water supplied to the 
boilers by the pump, 70,500 pounds; tem- 
perature of the feed water, 175 degrees 
Fahrenheit; deficit at end of test, 25 cubic 
feet. 
the feed- 


the formula 


water allowance is 


According to 


25 X 55.7: = 1124 


, ( 1186.8 — 344 


1186.8 — 143 
pounds. The temperature of the steam 
at 110 degrees Fahrenheit, gage, was taken 
at 344 degrees Fahrenheit, and the weight 
of a cubic foot of water at this tempera- 
table in Kent's, is 
The total heat of 
steam at 115 degrees Fahrenheit, gage, 
is 1186.8, and the feed water at 175 de- 
grees Fahrenheit contains 143 B.t.u. There- 
fore, the total amount of water that must 
be allowed for in the test of the boilers is 


ture, according to a 
about 55.75 pounds. 


! 


70,500 1124 = 71,624 
pounds. 
I, WEBSTER. 


Scranton, Penn. 
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Use and Misuse of Graphite 





Graphite properly used is the engineer’s 
friend, and there are numerous uses to 
which it can be put with very satisfactory 
results. It is good to mix with oil and 
use on the bolts and nuts of cylinder 
heads, steam-chest covers, pipe flanges, 
etc., because it makes the nuts work easy 
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FIG, 2 


when one wishes to break a joint. If 
the nut and bolt of the rear handhole 


‘plate of a horizontal tubular boiler are 


well coated: with graphite, and the bolt, 


nut and. crab covered with a few hand- 


fuls of asbestos mortar, they will stand 
a fierce heat for months, and a wrench 


is all that will be needed to remove the 


plate. 

Never plaster graphite and oil all over 
a gasket and then cuss because the pack- 
ing slides out of the joint when the bolts 
are set up. Graphite one -side of the 
gasket only. Put the gasket on the plate 
and graphite the exposed side. The gas- 
ket will then come off with the plate and 
leave the other surface clean and smooth. 
For this purpose the graphite should be 
mixed to a thick paste with cylinder oil. 

Rod and valve packing for steam should 
be given a liberal coat of graphite when 
putting in place. The packing commonly 
used in the water end of a pump is made 
of several layers of heavy cotton cloth 
cemented together with a rubber com- 
pound, and it is nothing uncommon for 
the rings of packing to stick together so 
firmly, especially in hot water, that the 
expanding device is unable to set them 
out as they wear. A little graphite be- 
tween the rings will prevent their sticking 
and the packing will run much longer 
without attention. 

As a lubricant for steam cylinders and 
internal-combustion engine cylinders, 
graphite is undoubtedly valuable, but the 
difficulties of feeding it discourage many 
from trying it. To get graphite into 
a cylinder all that is needed is a small 
cup with a straight, free outlet. 

Fig. 1 shows how a cylinder-oil cup may 
be made over to feed graphite. Use a 
gate valve or plug cock, and attach the 
cup to the steam chest, or as near to it 
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as possible. Fig. 2 shows how a cup 
may be made of pipe fittings, and, if care- 
fully made of brass, it does not look bad. 

Having attached the cup, put in about 
a teaspoonful of oil and graphite, mixed 
to the consistency of paint, close the cup 
and open the valve wide. In my plant 
I have a 7%x6-inch duplex boiler-feed 
pump which has had no lubrication except 
graphite for the past three months, and 
I have never seen a smoother or quieter 
working pump, although it is taking the 
returns direct from a heating system. 
This pump has been working constantly 
day and night and every day in the week 
on about three teaspoonfuls of graph- 
ite per twenty-four hours: In the three 
months we have used in the pump less 
than two pounds of graphite and hardly 
a gallon of cylinder oil. It was formerly 
nothing uncommon to feed a quart of cyl- 
inder oil to such a pump every twenty- 
four hours. This would be 7% gallons 
per month, which at 50 cents per gallon, 
is $3.75 per month, or $11.25 for three 
months, a matter of $10.35 saved on lubri- 
cation in that time. If this amount can 
be saved on one small pump, what about 
a plant where there are a number of 
pumps of various sizes? This same scheme 
can be used on engines, also, although 
I should not advise discontinuing the cyl- 
inder oil altogether. Aside from economy, 
this should interest engineers who are 
using condensed exhaust for feeding boil- 
ers, 

One reason why some make a failure 
of graphite as a lubricant is because they 


use too much, both in cylinders and 
elsewhere. During my early experience 


with it the outboard bearing on a 161%4x48- 
inch Corliss engine heated up one day, 
and as oil failed to produce the desired 
result, I gave it a bountiful supply of dry 
flake graphite, and the heating rapidly 
decreased. I then flushed the bearing 
with oil and soon had it in normal con- 
dition. 

H. L. Strone. 
Portland, Me. 





Substitute fer Sheet Packing 





It sometimes happens that the engineer 
runs out of sheet packing. I find that 
paper will do the work, sometimes better 
than rubber; in fact, I prefer oil paper to 
rubber for water. Oil paper and thin, 
tough paper are the best, and _ roofing 
paper is fine. For small work, and in 
oil lines, it is better than rubber, as it will 
not soften and fill up the pipes; it will 
also stand a high temperature. 

In one plant there was a great deal of 
work to get things going and as we could 
not readily get any sheet packing, we 
packed everything with paper and roofing 
paper from the manhole to the suction 
pipe of the big pump, using tar paper in 
the steam lines and manhole. 
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A recent letter from the engineer says 
that the most of it is still there and 
shows no signs of leaking. The worst 
thing about paper is that if it starts to 
blow it will mean a new gasket, but it will 
not blow out entirely. 

ALDEN SEARS. 

Electron, Wash. 





Homemade Condenser 





The accompanying illustration is of a 
homemade condenser made of pipe and 
fittings; the construction is very simple. 

The exhaust steam from the engine, 
pump or heating system, etc., passes 
through a,tapered nipple which is screwed 
past the center of the tee. The cooling 
water enters the side outlet of the tee 
and condenses the steam, causing a 
vacuum on the exhaust-steam line. 

The trap connected to the bottom of the 
condenser creates a vacuum on the ex- 
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HOMEMADE CONDENSER 


haust-steam line and water-feed Jine and 
also siphons the air out of the tee. It 
also prevents any water from getting into 
the exhaust-steam line. 

In case the condenser should get out 
of commission the valve to the condenser 
can be shut off and the bypass valve 
opened to the atmosphere. 

E. H. Marzotr. 


Bellaire, Ohio. 
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Handy Homemade Tools 


Fig. 1 shows a packing hook used in 


stuffing boxes where the packing can 
neither be pulled out nor blown out by 
steam. The tool is a combination of a 
hook B and worm A. The latter is first 


screwed into the packing, then, holding 
the inner rod B by the faucet handle D in 
such position that the pendant hook faces 
the opening in the casing, the two handles 
being properly marked, the plug C is 
screwed down into the outside handle, 
thus forcing the hock to undermine the 
old packing. With the aid of a common 
worm hook, driven in a short distance 
from the tool, and on which most of the 
pull must be applied, satisfactory headway 
can be made. The opening in the casing 
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FIG. 2 
of such that the hook 
will not entirely pass out through it, but 
will become wedged against its containing 
walls, thus relieving the small junction pin 
of all pressure when the pull is applied. 

The device shown in Fig. 2 is used 
for leveling shafting by the sighting meth- 
od, and is worthless unless accurately 
made. At A is a straightedge, long 
enough to clear all pulleys and hangers; 
BB are flat springs to steady the tool 
after leveling it on the shaft; C is the 
sight and D is a counterweight, balancing 
the straightedge. 

The sight is movable, perpendicularly, 
and on the largest-sized shafts should be 
placed as shown. To accommodate small- 
er-sized shafts. simply raise the sight a 


should be S1Z€ 
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distance equal to the difference in the dia- 
meters. When it is possible to see through 
all the sights at one time, on a continuous 
line of shafting, it will be a pretty good 
job. 

In Fig. 3 is shown a wrench, mainly 
used in connection with a socket wrench 
for tightening follower bolts. By making 
the tension of the springs adjustable, and 
using shims, this wrench will be found 
very handy for vgrious other purposes, 
such as for equalizing the tension on the 
two springs of a governor. 

Fig. 4 shows a tool for squaring a drill 
or tap, when using a ratchet wrench. At 
A is a piece of steel straightedge, hinged 
at B to a common try square, and adjusted 
by means of thumb screw C, so that it 
hangs exactly parallel to the blade of the 





FIG. 3 
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square, and slotted almost its entire length 
to facilitate sighting the drill. When the 
edges of this drill are seen to be parallel 
to both square and straightedge then the 
hole will be bored at right angles to the 
face. The tool is particularly handy when 
a narrow surface is to be drilled, as then 
an ordinary square can be used to square 
the drill in one direction only. A small 
level is shown at D. This is used when 
the surface is uneven, in which case 
shims are placed under the stock of the 
square. It is also used where 
holes are to be drilled at an acute angle 
in the direction of the length of the work, 
as it is adjustable, swinging on the pivot 
E. When two or more holes are to be 
drilled at a certain angle in the other 


several 
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direction, the narrow width of the work, 
the swinging straightedge is used, which 
is tilted to the proper angle by 
of the adjusting screw C, the flat spring 
F serving to keep the screw 
with the blade. The 
screws G and H are used to square the 
shank of taps. The meant for 
ordinary work and is not supposed to 
used 


means 


contact 
thumb 


in 
two small 
tool is 
where correct 
drilling is required. 


be micrometrically 


the 
meth- 


Fig. 5 shows a tool to back out 


glands of condenser tubes. 


The 
od used at a large electric-light station 
is to back out as many as possible by the 
hand-tool method then the plate 
desired width, is fastened across the face 
of the condenser, using the cover bolts to 
Placing the thin end of the tool 


A, of any 


secure it. 
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in the slot of the gland, the jacket box B 
is backed up fairly solid against the plate 
A. The pitch of thread on the jack should 
correspond with that on the tube gland. 
A monkey wrench applied at C will soon 
make that gland start. The plate A should 
be wide enough to cover at least five or 


The number of. glands 
saved will soon pay for. the time and 
trouble of making the device. 

Fig. 6 shows a pair of fiber tongs, used 
to replace glass-inclosed synchronizing 
fuses on very high-voltage oil switches. 
The shallow bag is used to catch the 
broken glass, and the horn to clear the 
spring end clamps. 


six rows of tubes. 


R. O. RicHARDS- 
Framingham, Mass. 
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Homemade Oil Separator 





The accompanying illustration is of a 
homemade oil separator, constructed of 
pipes and pipe fittings. 

The condensed water and oil are fed 
through the bottom of the separator. The 
oil discharge is taken from the top and 
the water discharge from the bottom. 
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HOMEMADE OIL SEPARATOR 


Both the oil and water discharge out- 
lets have nipples to the atmosphere to 
prevent siphoning. 

E. MArRZOLF. 

Bellaire, Ohio. 





Sarcastic Advice 





If the water in the boiler becomes so 
low that the plates are heated red hot, 
build a hot fire and turn on the cold-water 
pump. This will contract the overheated 
metal and all your troubles will be over in 
a few moments. 

If the governor sticks, causing the en- 
gine to run away, don’t get excited and 
close the throttle. Engines so affected 
invariably stop of their own accord in a 
few minutes. 

If the safety valve leaks, hang a little 
more weight on the lever. An old 8-inch 
gate valve will be about the right weight. 

Do not monkey with the blowoff. Let 
it fill up with scale. Then it will not leak. 

If the boilers are so full of water that 
heavy slugs are coming over ‘into the en- 
gine cylinder, you can judge of the quan- 
tity by holding the ear near the cylinder 
head. Water will clean the cylinder out. 

A bag in a boiler does not hurt any- 
thing. It will soon fill up. with scale. 

A babbitt-lined wrench should never be 
used on those polished nuts of the en- 
gine. It might slip off and skin your fin- 
gers. Use a pipe wrench or a hammer 
and cold chisel. 

Do not clean the soot off the tubes 
oftener than once a week. It is hard on 
the tubes, cleaning them so often. 
Engineering papers are like scientific 
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books, all theory and of no practical bene- 
fit to anyone. A dime novel is much 
more interesting and costs less; besides, 
“book men” have not got a very high 
standing in the engineering profession. 

I do not know anything about an indi- 
cator and do not want to know anything 
about it, for it is an abominable nuisance 
and should never be permitted in an en- 
gine room. 


JAMES JORDEN. 
Barberton, O. 





More Frequent Internal Inspection 





Milton Heglin, on page 939 of the May 
25 number, misses the true purpose of my 
letter of March 9. I did not make a 
sweeping condemnation of boiler inspec- 
tors. tle knows full well that most 
of them are conscientious men of high 
purpose. But he also knows that men 
have their limitations, that no one is in- 
fallible and that some are not unwilling 
to make an “absent-treatment inspection 
for revenue only,” to borrow a phrase the 
editorial on “Boiler Inspections and Ex- 
plosions” in the May 25 number. What I 
aimed at was simply to impress upon en- 
gineers and boiler owners the importance 
of more frequent internal inspections of 
boilers. I cited a few concrete cases to 
show that in many cases such inspections 
proved profitable. For it must be obvious 
that very few people would go to the 
trouble of making an internal inspection 
of a boiler right on the heels of an in- 
spection by an insurance inspector unless 
there was some chance of being rewarded 
for their work. In other words, the 
boiler owner and engineer must see good 
reason for the undertaking. Mere check- 
ing up of the inspector’s work is not a 
sufficient reason. 

The writer has no grudge against boiler 
inspectors. Whether he is or is not 
selling boiler-cleaning devices does not 
alter the truth of his premises. They are 
generally accepted where people have gone 
to the pains of investigating. In some 
cases, investigations even become unnec- 
essary—the facts force themselves upon 
us. Proof of this is seen in the editorial 
mentioned. The writer contends that the 
day of the auditor has not passed. Over 
and over again we are brought face to 
face with the fact that checking up (in 
whatever field it may be) means economy 
and safety. And boiler inspector 
should be chagrined because his inspec- 
tion report is not taken as the final word 
in the matter. 

Mr. Heglin himself unwittingly gives 
one good reason why we should take 
some inspectors’ reports with a grain of 
salt. “Another phase of this question,” 
he states, “is that a great many owners, 
managers and superintendents become 
very indignant when told the boilers need 
better cleaning, maintaining that they have 
a good engineer, who knows his business, 
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and that the boilers have never given 
them trouble from being dirty; and there 
it ends.” 
Suppose 
ordering the insurance canceled until the 
boilers were cleaned and kept in a less 
dangerous condition, preferred to be con- 


your 


inspector, instead of 


sidered a “good fellow.” Does it take 
long to guess what he might do? Is it 
not true that there are more men who 
want to be “good fellows” than who want 
to be somebody else? Is it not conceivable, 
then, that where there is no imminent 
danger, where conditions are safe enough, 
your good-natured inspector will jolly 
along the engineer and superintendent by 
saying something about the remarkable 
cleanness of their boilers? A boiler can 
be terribly inefficient because of scale and 
still be safe. The inspector is not a con- 
sulting engineer employed to point out 
possible economies in operation or to 
recommend appliances. If his sugges- 
tions are obnoxious, why should he volun- 
teer them and become a boor? And he 
is right. 

Now, don’t misunderstand the writer’s 
position. If possible, give us a more effi- 
cient inspection service. But efficient or 
otherwise, I hold that for economy’s 
sake alone it will pay the owner and the 
engineer to make frequent internal in- 
spections of their boilers. 


H. FE. GANswortu. 
Buffalo, N. Y. 





What Was the Towble? 





The accompanying indicator diagrams 
were taken from the high-pressure cyl- 
inder of a Westinghouse horizontal cross- 
compound Corliss engine. 

Before the defect shown on the card 
occurred, the dashpots closed the steam 
valves properly. After the trouble started, 
the crank-end dashpot refused to close 








Power, N.Y. 
WHAT CAUSED THE TROUBLE ? 


its steam valve when the trip released 
the hook, the valve being closed positive- 
ly by the movement of the valve gear. 

No trouble was experienced at the head 
end in getting the dashpot to close its 
valve, and the defect was 
remedied, the crank-end dashpot worked 
as before, very satisfactorily. 

It might be remarked that the crank- 
end steam valve was in proper working 
order in regard to workmanship 


as soon as 


and 
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valve-gear arrangement, and that the 
trouble was not due to the dashpot, and 
no attendant had disturbed the valve 
gear. What caused the trouble and the 
appearance of the card? 
J. W .STOLIKER. 
Shelton, Conn. 





Steam Engine Testing 
« 


In testing steam engines to ascertain 
their performance,-or to discover any 
cause of loss of power or illegitimate 
steam consumption, it is often thought 


POWER AND THE ENGINEER. 


It is desired to find the degree of super- 
heat at the point B. Select the point C 
on the saturation curve so that P = p. 
Now considering dry and superheated 
steam as a perfect gas, which it very 
closely approximates, volume ]” may be 
divided into 7 equal parts =  ~ T, each 
part representing the increase in volume 
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necessary to know the quality of the steam 
in the cylinder at each point in the stroke. 

Referring to the indicator diagram in 
Fig. 1, it is necessary only to draw the 
saturation curve for a quantity of steam 
equal to that taken into the cylinder at 
each stroke, plus that in the clearance. 
Then the quality of the steam at any 
point in the expansion is equal to the 
ratio of the volume of the steam in the 
cylinder at this point, to the volume shown 
by the saturation curve for the same pres- 
sure. These two volumes are represented 
by the lines AB and AC. Therefore, 
X = AB + AC. 

In some cases of “jacketed” cylinders 
with high ratios of expansion, especially 
in the cases of multiple expansion, the 
expansion curve crosses the saturation 
curve. This shows that there is. super- 
heated steam in the cylinder. Beyond this 
point the ordinary method of determining 
the quality will not apply. 

Some years ago Power published a 
formula for determining the quality of 
superheated steam in a cylinder. The 
formula there given was not homogeneous, 
contained R, the latent heat of vaporiza- 
tion, and gave X the quality, which in the 


that will be caused by the increase of one 
degree of temperature. Now to increase 
the volume from V to v, it will be neces- 
sary to raise the temperature as many de- 
grees as V ~ T is contained in v — V, 
or 
v—V 
« Vv 
_ 
But the number of degrees of tempera- 
ture necessary raise steam from its 
volume at saturation to dny larger volume 
is its superheat at that point. Therefore 
the degree of superheat at that point is 
(v—V)T 
V > 


to 


D= 


or 


(A B—AC)T 
ae 


D= — 
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case of superheated steam means nothing. 

My formula is practically homogeneous, 
does not contain R and gives the degree 
of superheat direct. 

Referring to Fig. 2, P, ’ and T of the 
formula are the pressure, volume and ab- 
solute temperature at any point on the 
saturation curve; p, v and ¢ are the pres- 
sure, volume and absolute temperature at 
any point on the expansion curve. 
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on Fig. 2, which may be figured out in 
actual quantities from any indicator dia- 
gram where the expansion curve crosses 
the saturation curve, by simply scaling the 
lines AB and AC in inches or any other 
unit, and from a steam table, taking the T 
that corresponds to the pressure at the 
point C. 
J. H. Wisner, Jr. 
New York City 


Ilit 


Expert Advice 


In the April 13 number, H. E. Samuels 
has an article on the actual cost of power. 
It is quite true that an engineer can figure 
his power cost, including charges, depre- 
ciation, taxes, etc., but does he? A very 
large proportion of the engineers cannot 
do this because they are not given the op- 
portunity. 
many of the engineers will not take the 
trouble, even if the information is given 
them, to enable them to make these 
figures; and, second, the plant owner is 
unwilling to give the engineer the infor- 
mation necessary for him to make a care- 
ful estimate. 

As a rule in the moderate-sized plants 
the engineer is not only the engineer in 
the steam plant, but he also has to care 
for a very large part of the machinery 
throughout the plant; and has little time 
to look into the finer points of his plant 
and to discover where the leaks happen 
and take means to prevent them. The 
matter as it stands today is such that the 
average plant can be very materially as- 
sisted by the employment of an expert 
to go over it carefully in connection with 
the engineer if he can succeed in induc- 
ing the engineer to codperate with him, 
determine where the plant is at fault and 
remedy these places. As far as this is 
concerned, it has one great objection, 
mainly because of the jealousy or ill-feel- 
ing caused by jealousy, or any other feel- 
ing of the engineer, who apparently feels 
that he should be left alone to work his 
own will on the plant, and that the call- 
ing in of any outside assistance is a grave 
reflection on his ability. 

This may or may not be true. An en- 
gineer, if he is a true engineer, is, al- 
ways glad to learn; and if his plant is 
not working to its best advantage, he 
should be exceedingly glad to have an op- 
portunity to learn how it may be made 
to do so and take advantage of this op- 
portunity so that the same troubles will 
not happen again. It is no reflection upon 
the ability of any engineer to have an 
expert called in to advise him, because 
the expert has had experience in a number 
of plants of widely varying’ characters. 
The engineer has probably been confined 
to one, two or three plants of very nearly 
the same general type. His duties, besides 
operating the engine and boilers, have 
been so numerous that he has not the op- 
portunity to make studies into the various 
features of his plant, and has not had 
the time to study out how this plant study 
can be made, without serious loss of time. 
The expert can and will put him in a posi- 
tion to make these studies systematically 
and easily without loss of time or inter- 
ference with his regular duties. 

There is another point which Mr. 
Samuels does not seem to realize. There 
always seems to be a feeling between 
the engineer and the employer, such that 


The cause for this is, first, ° 
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it is very hard for the engineer to get the 

employer to believe things may be done 
to improve the plant, to advantage ; where- 
as if the engineer is backed up in his 
opinions by an expert, the work can be 
done and is done. There is quite as much 
trouble in the engine and boiler room due 
to the dictation of an employer with refer- 
ence to the kind of coal, oil, etc., as there 
is from lack of attention of the engineer 
to his duties; also because the employer 
expects the engineer not only to be the 
engineer of his plant, meaning by plant 
the steam end, but also to look out for 
every bit of shafting and machinery there 
is in the plant. This is not the province 
of the steam engineer. His duties should 
be to keep his steam plant rnnning con- 
tinuously and at the same time as econom- 
ically as possible, and the employer 
should take careful notice of the recom- 
mendations of his engineer. 

I am not recommending the employment 
of a supervising expert continually on 
the.staff of the manufacturing company, 
as has been suggested by a number of 
people in your paper. I believe that if 
an expert is employed who is competent, 
he can give the engineer the points nec- 
essary to enable him to carry on his work 
successfully; and the expert will not be 
required to visit the plant at stated inter- 
vals. It is wise, however, when any 
trouble occurs or the power cost seems 
excessive, to call in an expert to see if 
he can discover the difficulty, as his wide 
experience will enable him to find troubles 
which the continuous service of the en- 
gineer and his long service in the same 
plant make him believe that it is inherent 
in the plant to have certain defects or cer- 
tain losses, which cannot be reduced. The 
expert, however, not having this experi- 
ence, examines carefully the records and 
notes those which seem to be excessive, 
and looks for the cause. Having found 
it, he suegests and tries a remedy. 

The main trouble, therefore, seems to 
be too many duties for the engineer im- 
posed by the employer; a belief of the em- 
ployer that the engineer should do well 
with little Or no encouragement; a_ re- 
sulting lack of interest in the plant by 
the engincer; and a gradual deterioration, 
which needs remedying and which can be 
done most cheaply and quickly by the 
employment of an expert. There is no 
question in my mind that the engineers 
can and should wake up to their oppor- 
tunities; and that the employment of an 
expert, which is now of very great ad- 
vantage to most manufacturing companies, 
could be made less necessary. To my 
mind it can never be entirely obviated, 
because the engineers do not wake up, the 
engineers do not have an opportunity to 
study and visit other plants, keep in touch 
with the advancing scientific knowledge, 
and are, therefore, at a disadvantage as 
compared to the expert whose oppor- 
tunities are so much greater. If the en- 
gineer of most plants would be willing 
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to put aside his petty jealousies against 
the expert and work with him, it would 
be much to his advantage. This fact is 
very well expressed in the April 13 num- 
ber, under the heading of “Drops of Ink 
to Make You Think.” 
Henry D. Jackson. 

Boston, Mass. 





Expanding Boiler Tubes 


When leaking tubes of horizontal re- 
turn-tubular boilers are located in or near 
the center and are thickly covered with 
a hard scale, which prevents them from 
coming out of their own tube holes, even 
when hammered and a chain tackle is 
used to pull them out. The majority of 
engineers cut off the bead, if there is any, 
and rip the tube with the bur inside and 
close the ends in as usual. This is all 
right, but after the tube is started out 
and is only 8 or Io inches outside the hole, 
and cannot be driven out any more from 
the other end, they try a chain tackle, and 
hammer the tube for hours with very lit- 





June 22, Ig0y. 





tubes can be pulled out easily; and when 
putting in new tubes it will be necessary 
to use a ferrule of either copper or sheet- 
iron strips, about 1/16 inch thick, 34 inch 
wide and long enough to fill the holes 
when the new tubes are in place. The 
tubes can be put in without ferrules if 
the ends are heated and opened out with 
a wooden plug or drift driven in several 
inches, thus qiaking bell-mouth tubes of 
them. 


STEPHEN C. CAFIERO. 
Brooklyn, N .Y. 





Equivalent Straight Pipe for Globe 
Valves, Bends and Elbows 


The accompanying data sheet gives the 
lengths of straight pipe which are equiva- 
lent in resistance to globe valves, bends 
and elbows. The table is calculated from 
the following: 


d = Diameter of pipe in inches, 
A = Length, in inches, of pipe equiva- 
lent to globe valve, 
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Equivalent Straight Pipe due to 
Pipe |————_ 
diam- Globe Valves Bends and Elbows 
eter. 
Feet Inches Feet Inches 

1 2 el 1 5 

1} 3 1 2 1 

1} 4 2 2 10 

2 6 9 4 6 

24 9 9 6 6 

3 12 11 8 8 

34 16 5 10 11 

4 20 0 13 i 

4} 23 9 15 10 

5 27 7 18 ) 

6 35 8 23 9 

| 14 0 29 

8 52 5 34 11 

9 61 1 40 9 
10 | 69 10 46 7 
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Equivalent Straight Pipe due to 
Pipe 
diam- Globe Valves Bends and Elbows 
eter — a 
Feet Inches Feet Inches 
11 7 7 52 -5 
12 87 | S 58 6 
13 96 6 | 64 4 
14 105 6 70 4 
15 114 5 | 76 4 
16 124 1 | 82 9 
17 133 6 89 0 
18 142 6 95 0 
19 151 S$ | 101 1 
20 161 0 107 4 
22 180 2 !' 120 1 
24 197 | 10 | 131 11 
26 216 | 8 | 144 5 
28 230 | 0 153 4 
30 254 5 | 169 7 











tle result and with a strain on the tackle 
nearly pulling the boiler from its settings. 

I have seen nine such tubes which could 
not be taken out of their own holes. The 


proper thing to do would be to cut. out 


all the tubes and jump them through the 
manhole or handholes if there are any, but 
in many cases they do not want to take 
out all the tubes and only want to re- 
move the leaking ones. The only remedy 
for such tubes is to cut them off when 
they are stuck out of the hole 8 or Io 
inches and rip and close the end of the 
remaining part of tube in the boiler as 
before and push the tube back into the 
boiler out of the way for the present until 
you get a roller tube expander, and roll 
the tube hole (that is, in the tube head) 
larger, which is only upsetting the plate 
and can be done very easily if you have 
an expander 4 inch larger than needed to 
roll the tubes, but if you have not an 
extra expander the same expander will 
do if you use a strip of sheet steel about 
1% inch thick, 34 inch wide and 5 or 6 
inches long if they are 34-inch tube holes, 
having made the tube holes larger, the 


A'=Length, in feet, of pipe equiva- 
lent to globe valve, 

B= Length, in inches, of pipe equiva- 
lent to bends and elbows, 

B’ = Length, in feet, of pipe equivalent 
to bends and elbows, 
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The formulas for A and B are taken 
from the catalog of the Ingersoll-Sergeant 
Drill Company. 

SipNEY C. CARPENTER. 

Plainville, Conn 
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The Rathbun Engine Test 





In the issue of April 6 occurs an 
article entitled, “Test of a Vertical En- 
gine,” giving the economies of a 12%x13, 
100-horsepower, Rathbun,  single-acting, 
vertical engine. Owing to the extremely 
low economies shown, I have taken the 
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FIG, I 


trouble to analyze the results therein pre- 
sented, and believe it will be of interest to 
other readers to do likewise. Allow me to 
say at the start that I should have no 
desire to question the accuracy of these 
results if they did not, by reason of the 
extraordinary economies claimed, reflect 
on the entire gas-engine industry outside 
the Rathbun engine. If the Rathbun com- 
pany will publish all the facts, so that 
the public will be able to judge what 
economies this engine is really capable of, 
then may one feel justified in taking at 
face value these extraordinary statements. 

To come down to figures, I 
reproductions, drawn exactly to scale, 
from two published tests from Rathbun 
engines of about the same size. Fig. 1 
is reproduced from a chart accompanying 
a test record from a three-cylinder 11x13 
natural-gas engine which was presented 
by Mr. Rathbun before the American 
Society of Mechanical Engineers in 1997. 
Fig. 2 is the chart from the two-cylinder 
12™4x13 natural-gas engine described in 
PowER AND THe ENGINEER, April 6. I 
have added to these charts certain other 
curves necessary for a rational compari- 
son of results, namely, the line of total 
B.t.u. consumed per hour at various loads 
extended back to the origin. As the total 
consumption line in Fig. 2 was not plotted 
to complete scale, but only to about 35 
horsepower, it is somewhat misleading to 
one not familiar with the meaning of such 
curves. To Fig. 2 I have also trans- 
ferred the total heat line from Fig. 1, 


submit 
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and we have the curious condition that 
while the two-cylinder engine required at 
no load, only about 25 per cent. of full 
load gas, the three-cylinder engine re- 
quired nearly double this amount. More- 
over, the shape of the total heat consump- 
tion lines is quite different in the two 
cases. The intersection of a tangent from 
the origin shows that while the three-cyl- 


2 ¢ & 
B.t.u, per Brake Horsepower Hour 
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1113 
“The inference be obvious. 
Design an engine that will give a brake 
horsepower of 8000 B.t.u.; proportion the 
clearance so that the maximum indicated 
thermal efficiency is obtained at 26 per 
cent. the 


seems to 


below maximum horsepower. 
This will give an engine an overload ca- 
pacity of 35 per cent., with practically uni- 
form efficiency. This proposition un- 
doubtedly offers difficulties, particularly 
on some designs, etc.” 

I do not believe that 
serious when he 
overload capacity. 
formance of his 
that he has 


proposes. 


Mr. Rathbun is 
proposes 35 per cent. 
In any event, the per- 

12!4x13-inch engine 
shows not done what he 

Coming down still further to details, 
I do not find in any of these results the 
necessary indications of accuracy to per- 
mit the results to carry conviction, In 
my own engineering work I have never 
considered a curve in any sense authorita- 
tive from a quantitative standpoint unless 
the points from which it is plotted are 
somewhat available. 
or 


It is extremely easy 
interpolate from ir- 
regular results without full warrant. These 
economies, if accurate, represent the high- 


to exterpolate 


est thermal efficiencies in small engines 
that have ever been claimed in gas-engine 
practice. It is due to the public that the 
Rathbun company enlighten them more in 


detail as regards the actual figures—how 
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inder first engine gave its best economy 
at about 140 brake horsepower, the second 
engine gave its best economy at slightly 
under 100 horsepower, which, even com- 
paring on respective ratings, represents a 
singular difference in the performance of 
the two engines. 

In Mr. Rathbun’s A. S. M. E. discus- 


sion, he says: 
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they were obtained, what corrections were 
made, ete. 

It is usual practice to reduce gas con- 
sumption to standard gas of 62 degrees 
30 inches. Yet, the article of April 6 
says: “The gas 11,000 
B.t.u. per cubic foot at the temperature at 
which it passed the meter, so that the 
thermal of output 


averaged about 


efficiency was prac- 
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tically 30 per cent.” 


In the first place, 
this is not a sufficiently tangible expres- 
sion of economy to be of any value. 
In the second place, this per cent., on a 
thermal basis, is equivalent to not quite 
8500 B.t.u. per brake horsepower-hour. 
The speed regulation was given as 4.5 


per cent. It is not customary to speak 
of speed regulation éxcept between no 
load and full load. The speed curve, 
however, shows a rapid drop between 35 
and 70 horsepower. If this speed curve 
were carried back to zero load, the speed 
drop would be excessive and entirely be- 
yond the limits of good generator practice. 

The article speaks of the advantage of 
automatic adjustment of ignition, which 
is advanced on light loads. If the re- 
sults were so extraordinary, why does the 
light load heat consumption shown in 
Fig. 1 appear nearly twice that of Fig. 
2? As I understand it, this feature was 
to be of assistance on light loads, especial- 
ly in point of economy. 

In view of the foregoing, I believe it is 
incumbent upon the Rathbun company to 
explain its position on this question of 
economy in full detail. 

KenNeTH C. MCALPIN. 

Chicago, Ill. 


[In justice to Mr. Rathbun we explain 
that the temperature at which the gas 
passed the meter, about 50 degrees 
Fahrenheit, was inadvertently cut out of 
the article by the member of the staff 
who handled it. The efficiency figure was 
inserted by the same editor, and as the 
exact figure would be 29.22 per cent., on 
the basis of the data furnished, “prac- 
tically 30 per cent.” is not far out— 
Eprrors. | 





Repairing a Broken Cylinder 





The liability of wrecking steam cyl- 
inders of engines driving air compressors 
or blowing engines equipped with me- 
chanically operated inlet and discharge 
air valves, and connected to a common 
receiver with other compressors, by al- 
lowing them to turn in a reverse direc- 
tion when the throttle valve on the steam 
cylinder is closed, is well illustrated by 
accompanying photograph. 

The engine in question is one of six 
Norberg Corliss cross-compound  con- 
densing blowing engines, compressing air 
to 50 ounces per square inch, and all dis- 
charging into a common receiver. 

There are gate valves to cut out each 
engine (300 feet distant) attached to the 
main drum where individual blast pipes 
enter the drum. When necessary to stop 
the engine in case of accident or minor 
repairs, the custom is generally to stop 
and hold the engine from turning in a 
reverse direction by unlatching the high- 
pressure wristplate, raising the steam 
valve, and then admit steam to one end 
of the cylinder, move the piston to one 
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end and leave steam on with the throttle 
open. The engine cannot move when left 
in this condition. This is done only when 
small repairs are needed, such as loose 
nuts or bolts or in keying up. At all 
other times the valve is closed on the 
blast line and the throttle is not closed 
until the air pressure is all off the engine. 

The primary cause of this broken cyl- 
inder was that the engineer in charge, 











FIG. I 


in stopping to tighten a loose truss rod on 
the main eccentric rod, closed the thottle 
and did not unlatch the wristplate. 

While making this repair the engine 
started to run backward driven by the air 
pressure in air cylinders, and before the 
engineer could reach the throttle, open 
it and latch the wristplate into the gear, 
the cylinder cracked across the top of the 
back steam-valve chamber as indicated by 
the line drawn across the top of the 
patch and the dotted line down through 
the side of the valve-chamber bonnets. 

The brass box on the crosshead pin 
was crushed back out of shape and the 
key sheared in the crank % inch. No 
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FIG. 2 


damage was done to the piston, piston- 
rod or cylinder head. 

If the cylinder relief valves had been 
attached to this engine the probabilities 
are that no damage would have been done, 
as they would have opened and relieved 
the pressure. 

The point B, Fig. 1, shows where we 
have since drilled and attached eleven 
2-inch spring relief valves. 
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As the engine was needed to blow a 
furnace with, repairs were effected by 
fitting a patch of 5/16-inch steel over 
the crack in which we had previously cut 
a dovetailed groove and filled it with 
“Smooth-On.” 

Patch and cylinder were drilled for a 
double row of 34-in rivets, figured to give 
a joint efficiency of 70 per cent. 

The cracks extending down through 
the bonnet flanges into the cylinder were 
dovetailed out and an annealed copper 
wire calked in. Two t-inch bands of 
swedish iron were shrunk around the 
bonnet flanges as shown at H and J. 

The broken portion was further 
strengthened by drilling through the 
flange of the cylinder back through the 
steam port under the valve and putting 
in bolts C, D and E. These holes were 
drilled 13/16 inch through to the steam 
port and then drilled 1% inches into the 
metal beyond the port. The %-inch hole 
only was tapped out, and a bolt put in, 
as shown in Fig. 2. The portion of 
the bolt marked A was used to screw 
into place and then twisted off, and after- 
ward filed down smooth. Bolts marked 
C, D, E, F and G were put through the 
flange as shown on side of the cylinder, 
and fastened with a nut. 

As the crank was found to be tight, 
the cylinder head was put on and the en- 
gine slowly heated up to allow the ce- 
ment to dry. Pressure was gradually put 
en and small leaks around the patch were 
calked. The jacket was put back on the 
cylinder and except for the rings H and J 
on the bonnet flanges projecting a trifle 
above the jacket the engine is to all ap- 
pearances as good as ever. It has been 
running constantly for two months, and 
has neither leaked nor shown any signs of 
distress. 

A new cylinder put in position ready to 
run would cost $600. The repairs cost less 
than $100, including material and labor. 

G. L. Fates. 

Copperhill, Tenn. 





Braces Were Sprung 





While visiting an electric-lighting plant, 
I happened to look in through the bot- 
tom manhcle of a 72x16-inch return- 
tubular boiler that was being washed 
out, and I noticed that some of the tubes 
in ithe bottom row were sprung sidewise, 
in some cases almost touching one an- 
other; also, the two through braces were 
sprung up about 4 inches. The superin- 
tendent said the boiler had been that way 
for six months and he thought it all right. 
If those through braces were straight- 
ened out, would the tubes spring more or 
would the through braces stretch again? 
W. E. McC e.ianp. 
Saskatoon, Can. 
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The National Electric Light Convention 


Low Pressure Steam Turbines, Gas Engines and Producers and 
Grounding of Secondary Circuits Prominent Topics at Recent Meeting 





The thirty-second annual convention of 
the National Electric Light Association, 
held at Atlantic City in the week ended 
June 5, was not the usual, to-be-expected, 
success; it was an astonishing eclipse of 
all previous conventions of this organiza- 
tion. In point of numerical attendance, 
quality of program and real interest mani- 
fested by the delegates, it was a record 
smasher. 

The meetings were held on the new 
“Million Dollar” pier, where the exhibi- 
tion hall was also located, and the open- 
ing of the convention was preceded by a 
reception and ball in the exhibition hall 
on the evening of May 31. The center 
of this hall is. provided with a splendid 
polished floor for dancing, and one-half 
of the floor was kept clear for that pur- 
pose. ‘The music for dancing was sup- 
plied by a small string band, and the 
celebrated Filipino orchestra, located in 
a gallery at one end of the huge hall, 
rendered high-class music between the 
dance numbers. 

On Tuesday morning, June 1, the con- 
vention was formally opened by President 
W. C. L. Eglin, and welcomed by Mayor 
Stoy, of Atlantic City. The president 
then delivered his annual address, in the 
course of which he indicated the ad- 
vantages derivable from the policy of es- 
tablishing State sections of the associa- 
tion wherever it is feasible to maintain 
them. 

The sessions of the 
divided into four classes: General, cover- 
ing committee reports and papers not 
strictly belonging to one of the other 
three divisions; Technical, dealing with 
engineering papers and discussions ; Com- 
mercial, devoted to business methods ; and 
Accounting, the scope of which is indi- 
cated by its title. The sessions of the 
four divisions were held separately, and 
on account of the large amount of work 
laid out, parallel sessions were held in 
different parts of the pier on the third 
day of the convention. The first day was 
devoted to committee reports and papers 
in the General division, which do not 
come properly within the field of this 
journal. 


convention were 


DEVELOPMENTS IN STORAGE BATTERIES 


The first paper of interest to Power 
readers was one by Joseph Appleton, en- 
titled, “Advanced Information Regarding 
Developments in Storage Batteries,” in 
which the author presented a compari- 
son of a modern high-duty “Exide” cell 
and the standard Manchester cell, such as 


the Edison stations have used for several 
years, and pointed out improvements 
which have been made in recent years in 
end-cell switches and automatic boosters. 
The comparison of battery cells may be 
tabulated as follows: 





FIG, I. 


RECENT TESTS AT EAST 


Manchester. Exide, 
Number of plates........... 69 111 


Weight of cell, pounds..... 5,800 6,600 
1-hour rate, amperes....... 4,850 9,166 
6-minute rate, amperes.... 14,600 36,666 


The two cells are of the same size, but 
the Exide plates are the thinner, permit- 
ting the use of 11 plates in a tank which 
holds only 69 Manchester plates. As an 


example of the latest development in the 
application of a storage battery to smooth 
cut a power-plant load curve, the author 
cited the installation in the huge steel 
plant at Gary, Ind., where two series of 
125 cells each are connected in parallel. 





175-HORSEPOWER WESTINGHOUSE BITUMINOUS GAS PRODUCER USED IN 


PITTSBURG 
The complete battery is capable of dis- 


charging 17,280 amperes, in regulating 


service. The battery is used to smooth 
out the fluctuations in both the alter- 
nating-current and direct-current loads, 


the former being linked to the battery 
by split-pole rotary converters. 
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RECENT DEVELOPMENTS IN 
PARATUS 


ELectric Ap- 


A paper with the above title, read by 
E. W. Allen, was rather disappointing. 
The author contented himself by out- 
lining the general features of a 14,000- 
kilowatt Curtis turbine-generator unit of 
6600 volts and 609 cycles, a small belt- 
driven direct-current dynamo, a 1000-kilo- 
watt split-pole rotary converter, a 2000- 
kilowatt frequency-changer, and a 3000- 
kilowatt transformer. All of the informa- 
tion presented in the paper, and much 
more, can be found in the literature of the 
various manufacturers. 


Gas ENGINES AND PRODUCERS 
The report of the Committee on Gas 
Engines was the first paper presented in 
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obtain gas suitable for engines. “The 
quality of producer gas varies with the 
grades of fuel and the method of operat- 
ing the producer, but the fixed carbon 
of all fuels is the basis of producer action 
and the yield of gas.” 

By far the greater part of the report 
consisted of rudimentary statements such 
as the foregoing and elementary descrip- 
tions of the principal types of apparatus 
and methods. This statement is made 
not in a carping spirit but as an ex- 
planation of the relatively small amount 
of space which we devote to the report. 
The elementary information referred to 
is of value to those who are entirely un- 
familiar with the subject, as most central 
station managers probably are. 

The committee described briefly the 
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plants, most of which have been fully 
described in this journal, and illustrated 
descriptions of the Loomis-Pettibone, R. 
D. Wood, Westinghouse Pintsch 
producers. Of the new double- 
zone bituminous producer of the West- 
inghouse Machine Company is the only 
one that has not been described at length 
by the engineering periodicals. Fig. 1 
is an exterior view of this producer, Fig. 
2 a sectional elevation and Fig. 3 a chart 
of average test results. From Fig. 2 it 
will be evident that the cleaning equipment 
is considerably smalier than that com- 
monly required with other types of pro- 
ducer. The gas, which is taken off at 
the middle of the generator, passes to a 
small wet scrubber and thence to a hori- 
zontal holder from which it is drawn by 


and 
these, 
































FIG. 2. 





the Technical 
tion. 


division, of the conven- 
In the absence of J. B. Klumpp, 
the chairman of the committee, the re- 
port was presented in abstract by Irving 
EF. Moultrop, of the committee. The re- 
port consisted chiefly of elementals with 
which all interested readers of PoweEr 
have had ample opportunity to become 
familiar. “Producers 
coal 


anthracite 
continuously 
for 10 or more years, giving hbsolute sat- 
isfaction.” Several types (of bituminous 
producers) have been on the market in 
recent and have been 
with more or less success. 


using 


have been in use 


vears operating 
Some gasify 
the entire product of the coal [including 
ash?] while other types necessitate the 
use of auxiliary tar-extractine plant to 





SECTIONAL VIEW OF 175-HORSEPOWER WESTINGHOUSE BITUMINOUS GAS PRODUCER RECENTLY TESTED AT EAST PITTSBURG 


general features of the gas-power plants 
of the American Locomotive Company, 
Richmond, Va.; American Steel and Wire 
Company, at Worcester, Mass.; 
Elevated Railway Company, Boston, 
Mass. (two stations); Charlotte Con- 
solidated ConstructionCompany, Charlotte, 
N. C.; Georgia Railway and Electric 
Company, Atlanta, Ga.; Merrimac Chemi- 
cal Company, North Woburn, Mass.; 
Milwaukee’ Northern Railway Company, 
Port Washington, Wis.; The Norton 
Company, Worcester, Mass.; Swift & Co., 
New York City; The Phoenix Tube 
Works, Brooklyn, N. Y., and the Wat- 
son-Stillman Company, Aldene, N. J. The 
printed report also contained illustrations 
of a number of representative gas-power 


3oston 





the rotary exhauster. The vaporizer sur- 
rounds the central portion of the fuel 
bed, where the two zones merge; conse- 
quently it abstracts heat from the gases 
delivered by both zones. The upper zone 
is practically a simple down-draft bitu- 
minous producer in which most of: the 
green fuel is coked; the lower zone is 
an up-draft coke producer, supplied with 
coke from the upper zone. 
air and 


The supply of 
each combustion zone 
is adjustable independently, of course, so 
that the proper balance between the two 
zones may be preserved. 


steam to 


In the discussion following the presenta- 
tion of the report, M. R. Bump called at- 
tention to the producer plant of the 
Western Chemical Company at Denver, 
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where lignite is gasified, the gas 
used in engines and the carbon dioxide 
in the exhaust gases is utilized for 
charging soda-water fountains. 

George R. Stetson gave some results of 
a year’s experience with a pressure pro- 
ducer and engine equipment operated in 
conjunction with a steam plant at New 
Bedford, Mass. He said that his experi- 
ence indicated that the producer is the 
principal source of whatever troubles oc- 
cur in a gas-power plant. The steam en- 
gines take very readily to the handling of 
gas engines but boiler firemen do not 
so readily learn to handle producers in- 
telligently. He also found it difficult to 
keep producer men because of the un- 
avoidable escape of carbon monoxide gas, 
his being a pressure plant. 


4,000,000 


g 
g 


B.T.U. per Hour, for both Coal and Gas. 
pr 


La] 
he 
a 


FIG. 3. 


CONDENSERS AND CooLinc Towers 

The paper one by M. R. 
Bump, devoted to the design and opera- 
tion of condensers and cocling towers. 
The section of the paper relating to con- 
densers was printed in the June 15 num- 
ber of Power; that referring to cooling 
towers will be found elsewhere 
issue. 

Discussing Mr. 


next was 


in this 


Bump’s paper, A. R. 
Cheyney described some nuteresting ex- 
perience made with barometric column 
condensers used with 5000-kilowatt Curtis 
turbines. Six-inch bull’seyes of heavy 
glass were installed at frequent intervals 
along the length of the discharge column 
of the condenser and the condensing 
chamber and the whole interior lighted 


by means of incandescent lamps, properly 
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water-proofed. Exploring tubes con- 
nected through flexible rubber hose to a 
24-inch U-tube of glass were inserted 
throughout the different parts of the con- 
denser and air pump, in order to make a 
thorough survey of the interior of the con- 
denser under operating conditions. With 
a vacuum of 28% inches and the injec- 
tion water at 50 degrees Fahrenheit, the 
amount of air drawn up through the dis- 
charge column and from the upper spray 
plate of the condenser was enormous. 
The drop of vacuum between the turbine 
base and the air pump was easily located, 
but later, by slight modifications in design, 
was considerably reduced. All indications 


seemed to show that the more readily the 
air was permitted to reach the air-suction 
connection the less was the drop in 
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AVERAGE RESULTS OF CONTINUOUS TESTS OF WESTINGHOUSE PRODUCER ON 


While this trouble with air does 
in the case of a surface con- 


vacuum. 
not exist 
denser, the many advantages in the barom- 
etric column type, such as freedom from 
repairs, low first cost, and readiness for 
duty at all times, make it well worthy 
of careful consideration. With this type 
of condenser a vacuum of 28 inches or 
over can be reached with an injection tem- 
perature in the summer of 85 degrees 
Fahrenheit, while in the winter months 
the vacuum is considerably higher. The 
quality of the feed water must also be 
carefully considered in choosing the type 
of condenser, as with very poor water 
the with a certain 
amount of make-up water added from the 
city mains, will keep ,the boilers in first- 
class operating condition. 


surface condenser, 


Tt is consider- 
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ably cheaper to clean one 8000-kilowatt 
condenser than to clean eight boilers rep 
resenting the same amount of station out- 
put. 

In reply to a question by Mr. Cheyney, 
the author stated that in Denver it oc 
curred many times when the air was very 
dry that the water when leaving the water 
tower would go below the temperature oi 
the atmosphere, due to the low humidity 
of the air. Some records, he said, showed 
that the water leaving the water tower 
was 6 degrees to 10 degrees below the 
temperature of the atmosphere. As _ to 
the difficulty of keeping the water free 
from air, he said that by constructing a 
sunken sink beneath the cooling tower, 
he had been able to secure water as free 
from air as the average water supplied 
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densing purposes. 


ReAcTANCE Corts 1n GENERATING 
STATIONS 
P. Junkersfeld, of the Chicago Edison 
Company, presented a brief but 
paper pointing out the 
using reactance coils in the main leads of 


meaty 
advisability of 


large alternating-current generators and 
between different sections of the busbars 
in order to prevent damage to the ma 
chines when a short-circuit occurs on the 
external circuit. 
high voltages are dealt 


Where large powers and 
the 
matic circuit-breakers used with machines 


with, auto- 


and circuits of lower voltage or smaller 
power are not effective; this is particular- 
with turbine-driven 


ly true respect to 
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generators, because of their high speed 
and relatively low frequency. With such 
generators the instantaneous current pro- 
duced by a short-circuit may be as high as 
50 times the normal full load current. 
An automatic circuit-breaker, even if it 
could open the circuit absolutely, could 
not operate quickly enough to protect the 
generator from the enormous momentary 
shock inflicted by such an increase in 
current; hence the advisability of using 
reactance coils in the circuits. Ordinarily, 
these do not cause a serious drop in 
volatge, but a practically instantaneous 
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FIG. 4. IRON AND COPPER LOSSES OF TRANS- 
FORMERS OF RECENT DESIGN 
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FIG. 5. SHOWING REGULATION OF TRANS- 
FORMERS OF RECENT DESIGN 


rise of current, due to a_ short-circuit 
which would ordinarily increase the cur- 
rent fifty-fold, will greatly increase the re- 
actance of the coil and thereby choke it- 
self down to a much less destructive over- 
load. 

In the discussion of Mr. Junkersfeld’s 
paper, A. S. Loiseaux presented a contri- 
bution on the design of reactance coils 
for the protection of turbine-driven gen- 
erators. Dr. Charles P. Steinmetz pointed 
out that reactance coils inserted in the 
neutral connections of three-phase gen- 
erators will protect the machines only 
from internal short-circuits; in order to 
protect them from short-circuits on the 
lines, the reactance coils must be in- 
serted in the main leads of the generators. 
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He commended Mr. Junkersfeld’s sug- 
gestion to use coils between sections of 
the station busbars but said it was unnec- 
essary to have them normally cut out by 
switches arranged to open automatically 
at overloads. 
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FIG. 8. SHOWING CHANGE OF OUTPUT 
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IMPROVEMENTS IN TRANSFORMERS 

The history of transformer develop- 
ment was briefly traced in a very com- 
prehensive paper by E. G. Reed, and the 
latest forms of construction were described 
in detail. The author presented several 
charts showing the characteristics of 
modern transformers, among which were 
Figs. 4, 5, 6, 7 and 8; these, with their 
captions, are self-explanatory. The im- 
provements due to the use of silicor: steel 
in transformer cores were referred to 
briefly, and the author pointed out that 
while the use of this alloyed steel gave 
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lower core losses for given conditions 
and therefore permitted the use of smaller 
cores for given outputs at given effi- 
ciencies, the cost of the transformer was 
not reduced because the new silicon steel 
is more expensive than the steels formerly 
used. 

This latter point was also brought out 
in a paper by W. A. Layman entitled 
“The Practical Aspects of Recent Im- 
provements in Transformers.” Mr. Lay- 
man’s paper was rather more analytical 
than Mr. Reed's, and brought out more 
clearly the improvement in transformers 
which has been effected within the past 
five years or so. Figs. 9, 10 and II present 
graphically the chief comparisons of the 
old and new types, the improvements be- 
ing due entirely to the use of steel con- 
taining a high percentage of silicon—about 
forty times as much as the old steel. 
Mr. Layman also presented the following 
comparison of all-day efficiencies: 
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Sizeof Transformer: 1Kw. 10 Kw. 50 Kw. 


All-day losses in 1905 : 903 4,187 14,415 
kilowatt-hour.. .. 1¥09 : 610 2,646 8,760 
Saving in kw.-hrs. per day. 293 1,541 5,655 


The foregoing comparison was based 
on 24 hours of core loss and 5 hours 
of copper loss per day. 

In order to facilitate the parallel op- 
eration of transformers, Mr. Layman sug- 
gested, manufacturers might advantageous- 
ly include in their published tables of data 
the impedance of each size and type 
of transformer regularly built. With these 
data before him the user could prede- 
termine accurately the division cf load that 
he would obtain by paralleling trans- 
formers of different sizes or makes. The 
author also suggested that buyers of 
transformers should require the seller to 
specify the magnetizing current (primary 
current when the secondary circuit is 
open) and the impedance of each trans- 
former. [The former is the determining 
factor in all-day efficiency, under given 
load conditions, and the significance of 
the latter Was just explained. ] 

In discussing Mr. Layman’s paper, W. 
S. Moody said that the effect of silicon 
upon the permeability [magnetic quality] 
of the varies; at low magnetic 
densities the magnetic quality is improved 
and. contrariwise at high densities (100,- 
o000.lines per square inch and over). 


stecl 


Low Pressure STEAM TURBINES 


In a paper of the above title, C. H. 
Smoot presented an interesting analysis 
of the physical features of the various 
steam turbines as well as a discussion of 
their application to the use of low-pres- 
sure steam from high-pressure engines. 
This paper is printed practically in full 
on another page of this number. 

The discussion of the paper was disap- 
pointingly meagre and spiritless. 
FEATURES 


Some UnIguE PowER-HOUSE 


In a paper of the above title, G. L. 
Knight described some forty unusual fea- 
tures found in various prominent central 
stations. Among these the fol- 
lowing: 

The Boston Edison Company has in- 
creased its furnace economy considerably 
by lengthening the arches over its Roney 
stokers by about 3 feet 10 inches. The 
arch brick now becomes practically in- 
candescent. The company has also added 
small individual accumulators to control 
the oil pressure at the turbine step bear- 


were 


ings. The large accumulators originally 
installed maintain the pressure on the oil 
pipe main and each of the small ac- 


cumulators controls the steam supply to 
the step-bearing pump of its particular 
turbine unit. 

The New York and Brooklyn Edison 
Companies have increased the output of 
their. boilers very much by the use of 
large grates. The boilers are hand-fired 
with anthracite coal, and the grates are 
12 feet deep by 12 feet 7 inches wide, slop- 
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ing toward the bridge wall with 16 inches 
difference in elevation between the front 
and back of the grate. The fire door is 
set at an elevation of 2 feet 10 inches 
above the firing aisle. Over the furnace 
are built three reverberatory arches with 
steel, I-beam skew-backs built into the 
steel columns of the boiler setting, these 
arches being placed at sufficient distances 
apart to afford ample area for the pas- 
sage of the gases. The arches become 
practically incandescent and have greatly 
improved the furnace economy. The side 
walls of the boiler are arched , between 
front and bridge wall, so that in case of 
repairs the brickwork below the arch may 
be removed without disturbing the rest 
‘of the setting. 

In the power house of the Hudson and 
Manhattan Railroad Company, at Jersey 
City, two 3000-kilowatt Curtis turbines 
are equipped with three condensers, one 
on the outside of each turbine and one 
between the turbines. The exhaust from 
each turbine to the condenser on each 
side of it is led through three circular 
cast-iron pipes, each equipped with a gate 
valve. The three gate valves are con- 
nected by gearing to a small engine for 
closing or opening the gates quickly and 
simultaneously. Each 
equipped with the usual auxiliaries, and 
the arrangement permits taking out a 
condenser for tube or other repairs with- 
out shutting down a turbine. 

A pneumatic system for handling ashes 
in the power plant of Swift & Co. at 
Chicago comprises a closed chute into 
which the discharge and 
which leads to a general tank or hopper 
at such a hight as to allow the ashes to 
be discharged from its bottom into the 
usual ash pocket. The tank or hopper 
is kept under vacuum by an exhauster 
connected to the top of the hopper. Two 
gates are placed across the mouth of the 
tank at the’ bottom, the gates being op- 
erated alternately so that when the top 
gate is opened a quantity of ashes fills 
the space between the gates; the top gate 
is then closed and the lower one opened, 
the ashes falling to the pocket without 
breaking the vacuum in the tank. When 
the gates of the individual ash hoppers 
are opened the rush of air to the tank 
carries with it the ashes and water dis- 
charged from the ash hoppers, which are 
carried to the tank at great speed. 

A dry-tube condenser of 18,000 square 
feet of surface is said to give the same 
results at the No. 2 Waterside station 
of the New York Edison Company that 
are obtained from condensers of the or- 
dinary types having 25,000 to 30,000 square 
feet. The dry-tube condenser is similar 
to the usual type of surface condenser ex- 
cepting that the shell is rectangular in 
cross-section and deflecting plates are pro- 
vided for the purpose of carrying the ex- 
haust condensate to the sides of the con- 
denser of letting it drop over 
the tubes. The incoming exhaust steam 


condenser is 


ash hoppers 


instead 
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therefore comes directly in contact with 
the cool tubes instead of meeting a film 
of water over each tube. The advantages 
claimed for this condenser are lower first 
cost, fewer tubes, better vacuum and hot- 
ter water of condensation. 


MeToR-GENERATORS VERSUS RoTARY CON- 
VERTERS 

This perennial topic was the text of a 
paper by IF. M. Farmer, of the Electrical 
Testing Laboratories. Mr. Farmer pre- 
sented a general exposition of the oper- 
ating principles of converters and motor 
generators with the various standard 
methods of regulation and presented the 


results of some efficiency tests made on 


representative machines in regular op- 
eration. The results were most favorable 
to the ordinary rotary converter with 


synchronous booster regulation; the in- 
duction regulator converter came next in 
the scale of efficiency ; the split-pole rotary 
converter third; the induction motor-gen- 
erator fourth and the synchronous motor- 
generator last. 

It would been very interesting 
in connection with the efficiency tests to 
determine the distribution of the 
among the various parts of each equip- 
ment. 
to admit 


have 
losses 


The available time was too short 
of this being done, but esti- 
mates from manufacturers’ specifications 
give the following: 

In converter equipments the loss in 
step-down transformers is about I5 per 
cent. of the total losses; induction reg- 
ulator or synchronous booster, about 40 
to 50 per cent.; converter, about 30 to 
4c per cent.; low-tension cable, about 5 
per cent. In motor generators the losses 
are probably about equally divided be- 
tween motor and generator. 

The following operating notes were ob- 
tained from the engineers in charge of 
the particular machines on which the 
tests were made, and from the operators. 
They are therefore opinions based on ex- 
perience. 

The synchronous converters on the 
Brooklyn Edison system are all started 
from the direct-current side, and, since 
storage battery current is always available 
in the substation, no other starting pro- 
The Boston Edison Com- 
pany follows the practice of starting its 
motor-generators from the direct-current 
side, although provision is made _ for 
starting both the induction and_= syn- 
chronous machines from the alternating- 
current side. 

The time required to start and get 
into service was reported the same for all 
equipments, except one, at three to 
minutes. The exception is the split-pole 
converter, which requires one to two min- 
utes more because every change made in 
the field to adjust the alternating e.m.f. 
while synchronizing, affects the speed also. 
In case of emergency, other things be- 
ing equal, preference would be given to 
the over the 
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synchronous motor generator and the syn- 
chronous booster converter over the other 
two types of converter. It may be noted 
that, of the various starting synchronous 
apparatus, the direct-current method is 
used by both of these companies, as it 
means the least disturbance to line. Where 
direct current is not available, an alter- 
nating-current starting motor on the shaft 
(extended) would probably give the best 
results. 

In motor-generators the voltage and 
power factor are quite independent, but in 
synchronous converters a change in volt- 
age at a given load produces more or 
less change in the power factor, hence 
more or less manipulation is required 
every time the voltage is changed. One 
of the author’s charts shows the extent 
of this change in power factor with 
change in voltage, load and main field cur- 
rent remaining constant. The induction 
regulator converter and the synchrofious 
booster converter lowered the power 
factor markedly at light loads with in- 
crease in voltage, but at 75 per cent. load 
and over the change was not appreciable. 
Of the three types of converter the 
power factor of the split-pole is least af- 
fected at any load. This is probably due 
to the fact that in this machine there 
are compensating windings on the main 
magnet poles in series with the auxiliary 
pole so connected that the main pole 
flux is decreased or increased when the 
auxiliary pole is increased or decreased 
respectively, causing the total flux to be 
automatically kept practically constant. 

Converters with induction regulators 
and synchronous boosters have a practi- 
cally constant power factor at all loads 
with constant direct voltage. The split- 
pole converter shows a slight falling off in 
power factor with increase in load. 

The author’s conclusion was that the 
answer to the problem “motor generators 
versus synchronous converters” for light- 
ing and power work depends to a great 
extent on the circumstances in each in- 
dividual case. In general, the data given 
in the paper indicate that the use of 
motor-generators would not be justified 
except possibly on 60 cycles or where, the 
alternating-current supply fluctuates badly. 
The principal advantage of the motor- 
generator is its flexibility and the entire 
independence of the direct-current system 
from the alternating system. If the high- 
tension alternating-current supply is rea- 
sonably free from fluctuations, these fea- 
tures are of small value and are more 
than counterbalanced by lower efficiency 
and increased first cost. Comparisons of 
the various types of synchronous con- 
verter are at the present time in favor 
of the synchronous booster converter, but 
the split-pole machine is so recent a de- 
velopment that improvements in design, 
which will undoubtedly be made, may 
improve the efficiency curve and the op- 
eration of the machine to such an extent 
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that this conclusion may be modified or 
even reversed. , 

In the brief discussion of Mr. Farmer’s 
paper, W. L. Waters manifested consider- 
able satisfaction at the relatively unfavor- 
able showing made by the split-pole con- 
verter. He didn’t say he was glad of it, 
but he might as well have done so. 


GROUNDING SECONDARY CIRCUITS 


The committee on the Grounding of 
Secondaries in its report expressed the 
unanimous opinion based on three years’ 
continuous study of the subject and ex- 
tensive correspondence and conferences 
with prominent engineers all over the 
country, that secondary circuits up to 
150 volts should be grounded and the 
grounding of circuits of more than 150 
volts prohibited. There have been very 
few, if any, fatalities from 150 volts but 
many cases at 200 volts and thereabout. 

The only feasible method of protecting 
persons from circuits of 200 volts and 
ever seems to be to install the apparatus 
in such a manner as to make it difficult 
for the user to stand on the earth or to be 
otherwise connected with the ground 
while touching lamps or motors. This 
would mean installing lights so that they 
would be out of easy reach, controlling 
them with wall switches, and keeping 
them away from gas and water pipes, 
telephones, ete. It would also require 
motor cquipments so placed that the at- 
tendant must stand on dry boards or 
rubber mats, and not be within reach of 
metal framework of buildings, metal 
floors, grounded pipe rails, etc. The best 
ground, all admit, is a connection with 
an underground metallic water-pipe 
system. In many cities this exists, but 
its use is not always permitted. In nine 
cities with which we are familiar its 
use is prohibited. The committee sug- 
gested that the members of the associa- 
tion do a little missionary work in con- 
vincing water-works engineers and man- 
agers that when secondary alternating- 
current wires are connected to water pipes 
no current flows unless a_ transformer 
breaks down or a cross occurs; that 
should such an accident occur it would 
in nearly all cases cause a fuse to blow 
and immediately cut off the current; and 
that, in the event of a current flowing, 
it would be an alternating current, which, 
it is generally believed, produces no 
electrolysis. Where underground mains 
are not available other methods must 
be resorted to. The old method of a 
copper plate buried in coke, prescribed by 
the Underwriters, is not always reliable 
and in some cases has been found to be 
worse than useless. Iron pipes an inch 
or more in diameter, driven eight or ten 
feet into the ground, have in some cases 
been found to be very satisfactory, while 
in other cases valueless. 

A recent suggestion has been made to 
saturate the ground around the pipe, at 
frequent intervals of time, with salt water. 
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Tests thus far made show that this is an 
excellent method and that after a few ap- 
plications of the salt water the ground be- 
comes permanently moist and a_ good 
conductor. The committee suggested the 
placing around the pipes, and rather near 
the surface, of a quantity of rock salt, 
which will, because of its hygroscopic 
nature, draw the water and thus produce 
a ground of low resistance and one that 
would also remain permanent; the com- 
mittee preferred, however, to have tests 
made of this in various. parts of the 
country before giving it full indorsement. 
The report cautions users of this meth- 
od to take great care in making the con- 
nection between wire and pipe, as the 
presence of salt will tend to increase cor- 
rosion. The pipe itself will doubtless cor- 
rede, but a plain iron pipe will last per- 
haps ten years, while one of galvanized 
iron will be good for several years longer. 
Brass pipe would last almost indefinitely 
and would not add materially to the total 
cost. 

Dr. Steinmetz, P. Junkersfeld, Philip 
Torchis and other well-known central- 
station men agreed that all circuits up to 
150 volts should be grounded, but ob- 
jected to the prohibition of grounding cir- 
cuits of higher voltages. On motion of 
Dudley Farrand this recommendation in 
the report was referred back to the com- 
mittee for further consideration and re- 
port. 


New OFFICERS 

The election of officers for the ensuing 
year resulted as _ follows: President, 
Frank W. F[rueauff; first vice-president, 
W. W. Freeman; seccnd vice-president, 
John F. Gilchrist; secretary, Frank M. 
Tait; executive committee, Frank W. 
Frueauff, W. W. Freeman, Dudley Far- 
rand, A. J. Decamp, George H. Harris, R. 
M. Searle, Alexander Dow, Charles L. 
Edgar, Arthur Williams, C. A. Stone. 





Studying High Voltages 


With the purpose of studying enormous- 
ly high voltages a short experimental 
transmission line has been built in Sweden 
which is adapted to operate at 500,000 
volts. A special form of transformer is 
used to furnish this high electromotive 
force. Circulating oil is used for insula- 
tion between the high- and low-tension 
windings. The line is supported on the 
suspended type of insulators 11 feet apart. 
Tests of the surface discharge showed that 
a wire of Io square millimeters (0.0155 
square inch) cross-section would dis- 
charge at 35,000 volts, of 20 square milli- 
meters at 50,000 volts, of 100 square milli- 
meters at 200,000 volts, and of 250 square 
millimeters at 390,000 volts. As the ten- 
sion was raised to 480,000 volts, the noise 
grew very loud and sparks leaped from 
the insulators. At night the glow of the 
discharge could be seen 2% miles away.— 
The Engineer (London). 
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Formulas for Computing the Re- 
sults of Gas Analysis 


By Frank B. SHIELDS 


For calculating the pounds of air per 
pound of coal, having analyzed the chim- 
ney gas and knowing the percentage of 
carbon in the coal: 


Pounds of air per pound of coal 


wt. O in chimney gas + % O in vir (by ut.) 
re coh 


ut. C in gas + % U in coal 
% C in cval ) 





a ( 0.231 
vel. O in 100 liters of g7s X wt. per L. 
(vol CO, in 100 L. gas X wt. per L. X 33) + 
[ (vol. CO in 100 L. gas X wt. per L. X 42) 
% C in coa! ) 


= ( 0.231 
(% CO, +%O+% % CO) 1.429 
(% CO, X 1.965 X 42) + (% CO X 1.251 X 438) 








= 0.1153 (% C in coal) 


( et 
% CO, + % CO p 





(1) 


This formula (1) gives exactly the 
same value that would be obtained by 
going through the longer calculation in 
which each of the components—carbon 
dioxide, carbon ‘monoxide, oxygen and 
nitrogen—is considered separately. It 
may be further simplified if one takes 
into consideration the fact that, in nearly 
all cases, the quantity (% CO: + % O+ 
14% CO) is equal to twenty. We should 
expect this to be almost constant, for it 
represents the oxygen of the air after it 
has passed through the furnace and com- 
bined with some carbon, and since the 
oxygen content of the air not 
change appreciably, the only variations in 
the foregoing quantity must be due to a 
loss of oxygen by its combination with 
the hydrogen and sulphur contained in 
the coal. Neither of these losses would 
be taken into account in the course of 
an ordinary analysis with the Orsat ap- 
paratus. The results of a very large num- 
ber of determinations show that if the 
quantity (% CO: + %O+4+ % % CO) 
is taken equal to twenty, scarcely ever is 
an error as large as 2 per cent. incurred. 
Making this substitution in formula (1) 
gives the simpler formula: 


does 


Pounds of air per pound cf coal = 
% C in cca! 


2.31 X i cu,+ %CO~ 


(2) 

In most series of analyses, the per- 
centage of carbon in the coal will be a 
constant; and if there is substituted this 
value of the per cent. of carbon as found 
by chemical analysis—suppose, for ex- 
ample, we use 83 per cent., which is fairly 
representative—we have the approximate 
formula: 


Pounds of air per pound of coal = 


191 
% CO, + % CO ~ 





(3) 
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For calculating the percentage of heat 
lost in the chimney gas, being given an 
analysis of the gas, its rise in tempera- 
ture, the percentage of carbon in the coal 
and its heat value: 

heat lost in gases 


Per cent. of heat lost = heat value of coal = 


heat in gases from 1 kilogram cf C X 
% C in vocal 


sieniba eit aine lem Se 
heat va.ue of 1 kilogram of cval 





The heat in the gases from 1 kilogram 
of carbon is equal to the sum of the vol- 
umes of each gas multiplied by the weight 
per liter, by the specific heat, and by the 
rise in temperature. The volume of each 
gas is obtained by first finding how much 
carbon dioxide and carbon monoxide are 
necessary to contain one kilogram of 
carbon and then from the relative pro- 
portion, as found in the gas analysis, the 
corresponding volume of the other gases 
can be calculated. Matters are very 
much simplified (with but slight sacrifice 
of accuracy) by considering the gas as a 
mixture of two components—the carbon 
dioxide and the remaining gases. From 
the following table it is evident that the 
constant, specific heat * weight per liter, 
is about the same for all of the gases to 
be considered, except the carbon dioxide: 


Specific Heat 


Gas, Multiplied by 
Weight per Liter. 

AEE NCCE Bp Oe 0.463 

TP ntcbbeds een penadecacnectewes) aetna 0.308 

sven sewscnehaessedebneweeees 400000 0.311 

EE sbancheisAsekantsiorgnsabedeentanens 0.307 


If 0.307 is taken as the value for all the 
other gases, an error of less than one- 
half of 1 per cent. will be incurred. 
With this explanation, let us take up the 
calculation. All are 
atmospheric pressure and o° Centigrade. 


values based on 


1 kilogram of carbon 
44. 
~<—— kilograms of CO,. 


000 . 
= 4 965 liters of CO,. 


= 1866 liters ; 
and since any carbon monoxide would 


represent the same amount of carbon as 
an equal volume of carbon dioxide, then 


1866 liters = vol. (CO, + CO) from 1 kil- 
ogram of C. 


Let 
«x = % CO: in chimney gas (by anal- 
ysis), 
y= 9% CO in chimney gas (by anal- 
ysis). 


“Then 





1866 = liters CO, in gas from 
1 kil.gram of C. 


( zx 
L =. 


and 


( 100 — x 
z+y 


7) 








) 1866 = liters of all other gases. 


Heat lost in gases = 


[ 0.463 (vol. CO,) + 0.307 (vol. other gases) | 
g. te ¥. (5) 


112! 


Substituting equation (5) in (4): 


% C in coal) R. in T. 


Per cent. heat lost = . . 
heat vaiue of coui 





| __ 1866) 0.463 + 10 = = 
tT+Yy tty 








(1866) 0.307 | 


( yw; / 
— 0.2864 ( 7 Eee... \ (R 


. 0.7 
heat value 





200 + % CO 
( ——_ ) (6 


~ % COs + % CV 
This equation (6) gives values which 
are about 0.5 per cent. low, for it does not 
take into account the loss of heat due to 
the formation of water vapor from the 
hydrogen in the coal. And so the re 
sults found by the foregoing equation 
should be increased by this amount. 
When the same kind of coal is being 
used right along, the values for the per 
cent. carbon and heat value of the coal 
will disappear into the constant, giving 
the expression: 


Per cent. heat lost = 
200 + % CO, 


constant ( => 


%CO.+%CO +%CO ) R.inT. (7) 


For average coals of the four classes 
mentioned in the following table, the 
corresponding constant may be used in 
formula (7) with very close results: 








Constant 
Kind of Coal. | % c. | Heat for 
: Form. (7). 
eee | 61 5500 cal. | 0.00266 
Bituminous....... | go 7900 cal. 0.0 294 
Semi-bituminous.|; 78 8400 cal. 0.00266 
Anthracite ........ | 83 7750 cal. 0.00307 








One calory equals 3 


3.07 B.t.u. 





A direct-current shunt dynamo will only 
self-excite and develop pressure for one 
direction of rotation corresponding to the 
remanent magnetism. 
cal 


A German electri- 
this 
fact to provide a means for obtaining a 
unidirectional current irrespective of the 
direction of rotation. 


engineering firm makes use of 


shunt ma- 
chines are coupled in any suitable manner 
and connected in series. 


Two 


The shunt coils 
are wound in opposite directions, so that 
for either sense of the rotation only one 
machine develops pressure. It is advisable 
to supplement the remanent magnetism 
by an auxiliary winding separately ex- 
cited. The machines may 
combined in a single machine. 


two also be 





It is stated that in the oil fields of 
Baku, Russia, producers are studying the 
use of natural gas for firing instead of 


using crude oil, as before. A simple con- 


trivance consisting of a centrifugal fan 
working through pipes leading to the 


wells, thus creating exhaust, is quite gen- 
erally employed. In this way the natura) 
gas issuing from a well is collected and 
stored, to be used either under boilers or 


in gas motors. 
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Removes all the Carbon 


Henry Duncan, of Spring Valley, Ohio, 
has got it now. According to the Dayton 
Daily News this gentlemen has invented 
“a chemical preparation which, poured 
upon the coal, removes every particle 
of carbon; hence, smokeless combustion.” 
We wonder that the suggestion has not 
occurred to somebody before. The cob- 
bler of Altoona has shown (?) that ashes 
will burn as well as coal, if you sprinkle 
salt and oxalic acid upon them, and won't 
smoke; ergo, add something to the com- 
pound to kill out the carbon, sprinkle 
it upon the coal and when the carbon is 
gone, burn the ashes. 





The Twelve Hour Shift 


The engineer of an electric-light plant 
was found asleep one night while on duty. 
That by itself may not have amounted to 
much but the cause of his going to sleep 
is significant. Five 300-horsepower cross- 
compound engines and a twelve-hour shift 
with an engineer and an oiler on watch— 
these were the conditions, which are 
doubtless duplicated in many instances. 

It is no wonder that the engineer was 
asleep. A twelve-hour shift is enough to 
render any man physically unfit to per- 
form his duties with justice to himself 
or his employer. This is a fact, however, 
which many power-plant owners and 
managers fail * to appreciate, assuming, 
apparently, that a man is as “fit” after 
working twelve hours as when he first 
went to work. Such long hours are in- 
jurious to the engineer’s health and 
dangerous to those around him because 
of the liability of accident resulting from 
error in judgment on the part of a man 
with a tired brain. 

The power-plant owner who will de- 
liberately sacrifice the health and mental 


development of his engineering force can’ 


adopt no more systematic method of re- 
ducing the efficiency of his men than by 
employing the twelve-hour shift. Few 
men, after working twelve hours in a 
hot, stifling engine room, care to do other 
than plod home like an overworked truck 
horse when released, eat supper and go 
to bed, knowing that the same conditions 
will be encountered on the morrow. Can 
any plant owner or manager imagine a 
man going home in such a condition and 
spending much time in mental develop- 
ment, reading up on engineering matters, 
or figuring on problems pertaining to his 
plant? Furthermore it is not reasonable 
to expect that an engineer will subject 
his energies to any extra taxation in order 
to keep his plant in the best condition 
when his regular working hours cover al- 
most the entire period out of bed. 

In the fireroom, a fireman who knows 
he will have to shovel coal for twelve 
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hours, besides attending to other duties 
such as blowing tubes, cleaning fires, oil- 
ing the feed pumps and keeping the boiler 
room clean, is not going to exert himself 
in seeing how little coal he can burn. His 
greatest aim will be to get through the 
day’s work as easily as possible, without 
a care as to the money he throws away 
because of inattention to his legitimate 
duties. Can he be greatly blamed? 

The net result of this sort of policy is 
that the economy of the plant falls far be- 
low what it should be and the owner pays 
the bill, meanwhile laboring under the 
silly delusion that he is saving the expense 
of the third set of men which would be 
required to operate the plant on eight- 
hour shifts. 





Heat Loss of a Steam Engine 
Cylinder 


As Watt has been credited with invent- 
ing everything connected with the steam 
engine, and saying about all the epigram- 
matic things that have been said about the 
steam engine and its management, it is 
possible that he said: ‘Keep the cylinder 
as hot as the steam which enters it,” 
and it is also possible that he invented 
the steam jacket in order to carry out 
this injunction. But, as the steam jacket 
only transfers condensation from the in- 
side to the outside of the cylinder, its 
use, in a great many cases, is at least of 
doubtful economy. 

If a perfect nonconducting cylinder 
covering could be found, most of the 
losses from radiation could be prevented, 
and whether used on the outside of a 
steam jacket or in place of it it would, 
if not too expensive, be rapidly adopted. 
“Dead air” has long been regarded as a 
most efficient insulating substance, but 
no air at all is generally thought, whether 
rightly or otherwise, to be the best in- 
sulation. Whether the Thermos bottle 
jacket is lined with dead air or with more 
or less of a vacuum, the question arises: 
Why would not the insulation used on the 
Thermos bottle be just as efficient if ap- 
plied to the steam-engine cylinder ? 

From data obtained in a rather crude 
sort of way, the operating engineer in 
a large pumping station estimated that a 
gain of four per cent. in the amount of 
water delivered per pound of coal burned 
was realized by substituting a vacuum 
jacket for a steam jacket on one of the 
engines. In this case the jacket was con- 
nected directly to the condenser of the 
engine and the cost of maintaining the 
vacuum was slight. 

With a higher vacuum and _ special 
means of guarding against slight leaks 
of air into the system the gain might be 
greater. Who knows? Engineers would 
like to know. Designers should know. 


Who will find out and tell? 
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Priming and Foaming 





Everybody has seen the pot boil over. 
That is what happens when a boiler foams 
or primes. The term “to prime” is usually 
applied to the mechanical entrainment of 
moisture in greater or less quantities, 
while “foaming” implies the formation 
of suds. 

The lifting and carrying over of water 
are favored by rapid ebullition, by tortu- 
ous and constricted passages for the steam 
to follow before being liberated, by the 
liberation of a large quantity of steam 
from a small amount of water surface 
and by a tendency to form small bubbles 
or suds, which is produced by the pres- 
ence of soapy substances or by the con- 
centration of salts in the water. 

In the old days, when _ boilermakers 
used to strive to get as many square feet 
of heating surface as possible into a given 
shell, it was found that the tendency to 
raise the water was much reduced by leav- 
ing out the central vertical row of tubes, 
a practice which is now quite generally 
followed. Stéadiness in steaming will be 
favored by a large and free disengaging 
surface for the steam, and the avoidance 
of constricted passages for the steam to 
pass through beneath the water line. Of 
course, the more steam bubbles there are 
beneath the water line the higher will the 
water line be, with a given amount of 
water in the boiler, and the more rapid 
the rate of steaming the more violent the 
ebullition, and the greater the volume in 
which the steam escapes into the steam 
space the 
the water 


greater the tendency to carry 
along with it. 

The likelihood that priming will result 
from the use of any given feed water 
should be taken into consideration in the 
design of the plant. The boilers selected 
should be of such type and capacity that 
there will not be a great inherent ten- 
dency to priming. It has been stated, for 
instance, that the locomotive type of boiler 
is three or four times more prone to prim- 
ing than the ordinary horizontal return- 
tubular boiler. Aside from the, type of 
boiler and the rate at which it is driven, 
however, there are many things in the 
operation of a plant that have an influence 
on the tendency to priming. One of these 
is whether the boilers are «washed out 
regularly and kept clean. Mud, precipi- 
tate, or other matter in suspension will 
increase the tendency to foam. Another 
agency is the water level that is carried. 
In many boilers a change of water level 
results in considerable variation in dis- 
engaging surface and also in steam-storage 
space. The greater the disengaging sur- 
face and the greater the steam-storage 
space, the less likelihood there will be 
of particles of water being carried into the 
steam pipe. 

Another point is the extent to which im- 
purities are removed from the water be- 
fore it enters the boiler. Mud and other 
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impurities in suspension can be kept out 
by a filter, but impurities in solution must 
be removed by suitable chemical treatment. 
Carbonates, it is true, can be precipitated 
by an external heat treatment, but sul- 
phates, chlorides, ete., require the addition 
of some suitable reagent which, in nearly 
all cases, whether the purifying process be 
of the hot or cold type, or whether a 
boiler compound be used, is some salt or 
sodium. This sodium combines with the 
sulphate radicles of calcium sulphate to 
form sodium sulphate. Sodium sulphate 
is very soluble and will not precipitate 
even though the water be boiled down to 
the consistency of a syrup. Any great 
concentration of this sodium salt in the 
boiler has a tendency to produce foaming, 
which should be prevented by frequent and 
regular blowing down. It has been found 
in many that the blowing 
down is faithfully attended to the boilers 
can be driven far above their normal rat- 
ings without trouble from priming. 

The presence of oil in the boiler also 
has a tendency to produce foaming, even 
where some compound containing soda or 
other alkali is employed to prevent its 
burning onto the plates. Alkalies combine 
with the organic part of the oil to form 


cases where 


soap. The remedy is, as before, to blow 
down frequently. 

Mention was made in the foregoing of 
the fact that solid impurities in the water 
are conducive to foaming, and this applies 
not only to solids brought in with the 
water, but also to those precipitated from 
the water in the boiler, either by heat or 
old 
loosened from the shell or tubes of the 


by compounds, and even to scale 
boiler as a result of the use of scale pre- 
ventatives. These particles are sometimes 
very fine, especially where magnesia 1s 
present in the water, and they do not settle 
readily while the water is in rapid mo- 
tion from boiling. 
to collect on 
some extent be removed by the use of the 
surface blowoff. Another factor in pro- 
ducing priming not mentioned is the in- 
termittent action of the engine in with- 
drawing steam. 
power of gaseous currents increases more 
rapidly than the increase in speed, it will 
be seen that if a given amount of steam is 
supplied intermittently there will be much 
more likelihood of water being carried 
away with it than if the same amount of 
steam were drawn out in a steady current. 
This can be remedied to a large extent 
by the use of receiver-separators on the 
steam lines. The better to effect the 
latter purpose, the separator should have 
a large volume, should be a_separator- 
receiver and be located near the engine, 
while from the point of view of prevent- 
ing water hammer and unsightly soda- 
stained leaks at joints, etc., and a quick 
and easy return of the water, a separator 
with receiver capacity should be 
used at the boiler. When a superheater is 
used the use of a separator between the 


They have a tendency 


the surface, which can to 


Inasmuch as the carrying 


less 
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boiler and the superheater will relieve the 
superheating surface of the work of 
evaporating the moisture and leave it free 
to do the work for which it was designed. 
The heat required to dry out ten per cent. 
of moisture from 120-pound steam would 
superheat it some one hundred and fifty 
degrees. 





Initiative 





In an orderly power plant, where all 
the proper tools and appliances are at 
land and set rules are followed in the per- 
formance of daily tasks, initiative is not 
of vital importance. Any man ordinarily 
skilled in his trade or profession should 
find no serious difficulty in superintend- 
There 


is usually little or no call for inventive 


ing or working in such a plant. 


ability and no adaptation of means or 
materials necessary, so that a lack in this 


quality would not be a serious handi 
cap. An enviable record may even be 
made. But take the same man and put 
him in a plant where the initiative of an- 
other has not left it in such excellent 
shape and the materials and tools are 


not at hand to do every job to a nicety, 
then the His ingenuity 
and ability will be taxed to the limit and 
he will find it 


brain to a much greater extent than was 


observe result. 


necessary to exercise his 
ever necessary in the model plant. 

An ingenious mind making it possible 
to take the initiative in every instance is 
not a case of inheritance. It comes from 
broad experience in the various lines of 
work pertaining to power-plant Speration, 
To 
show a man how to scatter coal in firing 
and properly to handle the slice bar re- 
quires previous experience in this line. 
Knowing how to 


and is acquired in no other way. 


hammer and 
chisel, to file a piece of metal flat or 
round, to turn off a commutator, or even 
handle a pick and shovel, are small things 
in themselves, but all go to make the 
thoroughly competent and all-round man; 


use a 


a chief engineer may never have to do 
such work, but it is to his advantage to 
have practical knowledge of all these 
things gained by experience, so that, 
when occasion demands, he may take the 
initiative and train the unskilled hand. 
Without these qualifications and the abil- 
ity to devise ways and adapt means, the 
job is apt to get muddled and sooner or 
later the “boss” will find himself in a 
sorry plight. As a minor example, if a 
bolt three inches long is needed for a 
repair or replacement, and the nearest 
sizes on hand are two-inch and four-inch 
bolts, the man _ of initiative would 
promptly cut an inch off the four-inch 
bolt, smooth up the end, and use it. The 
other sort of man would let the job wait 
a week or a month, until some three-inch 
bolts could be put in stock. 
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New York N. A. S. E. Convention 


The fourteenth annual convention of 
the New York State Association of ‘the 
National Association of Stationary Engi- 
neers was held at Syracuse, June 11 and 
12, with headquarters at the St. Cloud 
hotel. The executive the 
delegation were held in the New Onon- 
daga courthouse. 

Promptly at half-past 9 o’clock on Fri- 
day morning, the convention was called 
to order by the chairman of the local 
committee, Harry Bache, and after the 
Rev. E. L. Waldorf offered prayer, Mayor 
Alan C. Forbes made a pleasing address 
of welcome. President J. C. Roberes re- 
sponded for the engineers. Past National 
President Herbert E. Stone’s witty and 
interesting speech was well received. The 
convention then went into executive ses- 
sion and the several necessary committees 
were appointed. 

During the progress of the meetings 
resolutions were adopted concerning the 
death of the late Ira Watts, secretary of 
the Life and Accident Association. A special 
fund was voted for the use of the legisla- 
tive committee to help in the efforts to 
secure a State license law. An invitation 
was extended to the State association by 
the secretary of the Chamber of Com- 
merce to make Syracuse its permanent 
convention city, and Superintendent 
Fischer, of the Onondaga county court- 
house, extended to the delegates the use 
of the courthouse for exhibition purposes 
at any time. Mr. Fischer will be made 


sessions of 
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an honorary member of Syracuse Asso- 
ciation No. 34 at its next meeting. 

The following State officers were 
elected, and were installed by Past Na- 
tional President Herbert E. Stone: Gro- 
ver H. Worden, president; Charles Scha- 
becker, vice-president; E. FE. Pruyn, 
secretary; Winfield C. Graham, treas- 
urer; Harry Bache, conductor; Joseph M. 
Gregory, doorkeeper; Stewart Warner, 
chaplain. Either Albany or Buffalo will 
be the next meeting place. 

The manufacturers’ exhibit was the 
largest ever held in connection with the 
State convention. The exhibit hall was 
in the basement of the courthouse, con- 
venient to the convention hall, and was 
very tastefully decorated with the national 
colors. The following occupied booths: 
Home Rubber Company, Garlock Pack- 
ing Company, Edward Joy Company, V. 
D. Anderson Company, Syracuse Supply 
Company, Jenkins Mechanical 
Rubber Company, Syracuse Rubber Com- 


Bros., 
pany, Peerless Rubber Manufacturing 
Company, Eureka Fire Hose Manufactur- 
ing Company, Carbohydride Company, C. 
H. Trumble, Chapman Valve Manufac- 
turing Company, Stewart Heater Com- 
pany, Penberthy Injector Company, Wine- 
car Boiler Compound Company, C. E. 
Mills Cil Company, Geo. S. Herrick, Mc- 
Leod & Henry Company, Direct Sepa- 
rator Company, Albany Steam Trap 
Company, Dearborn Drug and Chemical 
Works, Underfeed Stoker Company,Greene, 
Tweed & Co., Syracuse Gas Engine Com- 
pany, Practical Engineer, W. B. Mce- 


June 22, 1909. 


Vicker Company, Neemes Bros., 
stone Lubricating Company, 
Engineer, Fairbanks Company, 
Carlisle & Hammond Company, 
North, Fulton Company, Power. 

On Saturday evening a banquet was 
served at the Hub café, at which fully 
300 attended. At the close of a splendid 
menu, Herbert Self, of the Peerless Rub- 
ber Company; William Murray, of Jen- 
kins Bros., and John W. Armour, of 
Power, entertained. During the evening 
Harry Bache, the toastmaster, introduced 
the following speakers, who made short, 
snappy and interesting addresses: Rev. 
E. L! Waldorf, J. E. Reagan, Prof. John 
E. Sweet, J. C. Roberts, Giles Stillwell, 
H. E. Stone, T. W. Meachem, Joseph 
Griffin and E. E. Pruyn. 

There were trolley rides to places of 
interest in the city, a visit to the Syra- 
cuse University and an excursion to Long 
Branch park. 


Key- 
National 
Strong, 
a Sas 





Kentucky N. A. S. E. State 


Convention" 


With eleven delegates seated and a total 
of sixty and friends present, 
the sixth annual convention of the Ken- 
tucky State Association convened in 
Liederkranz hall, Henderson, Ky., June 
4, Vice-President Draper presiding. After 
preliminary remarks, Mr. Draper intro- 
duced Hon. S. D. Harris, mayor of the 
city, who paid high tribute to the National 
Association of Stationary Engineers. The 


members 
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DELEGATES AND VISITORS AT KENTUCKY WN. A. 5S. 


objects of the order are well known to 
Mayor Harris, as this was the second 
time the State body had been entertained 
at Henderson. 

Mayor O’Brien, of Owensboro, an 
honorary member of the association, was 
the next speaker. He referred to the 
occasion of last year’s meeting at Owens- 
boro, when Mayor Harris was in at- 
tendance. This year he was returning the 
compliment, and hoped that each of the 
cities would be further favored with the 
State meetings. 

F. W. Raven, national secretary, then 
addressed the convention. He took a 
strong position in favor of a State license 
law for encineers, not only for the bene- 
fit of the organization itself, but also for 
humanity in general, and deplored the fact 
that political pull is so often able to de- 
feat the best of measures. He also showed 
how the N. A. S. E., was working for 
education and for the public in putting 
only competent men in charge of power 
plants. J. TH. Van Arsdale, national 
trustee, of St. Louis, was then introduced, 
and in a talk cn the welfare of the as- 
sociaticn outlined several plans whereby 
individual members could help in its ad- 
vancemert. 

Followiny this talk, a paver on “The 
Aims and Cbiects of the N. A. S. E.” 
was read by State Deputy R. Baumgar- 
ten, cf Ask!land, Ky., who covered com- 
pletely the grounds upon which the as- 
sociation was founded and on which its 
affairs are conducted. This paper was 
ereatly aporeciated and a rising vote of 
thanks was tendered to its author. State 
President Avueust Pohl, of Louisville, then 
took the chair, onenine the reeular order 
of business. Amone other matters it was 
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decided to furnish a streamer representing 
Kentucky, to supplement the American 
flag owned by the National body. After 
the business session, F. V. Gantt, of 
Cincinnati, delivered an interesting talk 
on steam turbines. He brought out their 
advantages as compared with reciprocating 
engines and went into considerable detail 
withregard to low-pressure turbines which, 
he predicted, would have a large applica- 
tion in the near future. Details of con- 
struction were also taken up, with special 
reference to the Curtis type of machine. 

Hopkinsville was chosen as the next 
place of meeting. 

J. N. Draper, of Henderson, was elected 
State president; F. L. Ray, of Louisville, 
vice-president; A. S. Smith, of Hender- 
son, secretaty; J. H. Oelze, of Owens- 
boro, treasurer; C. Carroll, of Louisville, 
conductor, and R. Baumgarten, of Ash- 
land, doorkeeper. 

Installation of officers was by F. W. 
Raven, assisted by J. H. Van Arsdale. 
Immediately following adjournment a 
trolley ride was taken to Henderson’s 
beautiful park, overlooking the Ohio river. 
Here refreshments served and a 
group photograph was taken. 
events wound up in the evening, with a 
banquet in Liederkranz hall. This was 
served by the ladies of the local com- 
mittee 


were 
The social 


Several 
members from Evansville, Ind., came over 
with their wives, and joined in the fes- 
tivities. F. W. Raven was toastmaster and 
the speakers were Mayor Harris, of Hen- 
derson; J. H. Van Arsdale, J. N. Draper, 
James Yeaman, Emil Heegar, Edward 
Kockenrath, James Dana, B. S. Morris, 
C. O. Harris, Paul Maris, Dr. Graham 
and Joseph Wuersch. 


and was a grand success. 





E. CONVENTION, AT HENDERSON, JUNE 4 AND 5, 1900 


American Order of Steam Engineers 





The twenty-third annual convention of 
the American Order of Steam Engineers 
was held at Reading, Penn., during the 
week beginning Monday, June 7, the 
being at the Penn hotel. 
The services were held at Rajah Temple, 
there being about 70 delegates in attend- 
ance. 


headquarters 


On Monday morning the assemblage 
was called to order by Past Supreme Chief 
Hiram M. Trout, chairman of the local 
committee, who introduced Mayor Reck, 
who gave the delegates and guests a 
hearty welcome to Reading. He spoke 
approvingly of the principles which -gov- 
ern the American Order of Steam Engi- 
neers, and wished the organization con- 
tinued success. He also complimented 
the American Supplymen’s Association on 
its splendid display. Supreme Chief 
Frederick Markoe responded for the 
engineers. 

During the several sessions of the con- 
vention considerable business was trans- 
acted, various committees were appointed, 
and the following supreme officers were 
elected: 

Frederick Markoe, chief engineer; John 
Rest, first assistant chief engineer; -T. J. 
Armbruster, recording engineer; W. S. 
Wetzler, corresponding engineer; T. J. 
treasurer; W. J. Courtney, 
mechanic; Walter Long, 
junior master mechanic; W. Roth, in- 
side sentinel; W. J. Eccles, outside senti- 
nel; James Lightfoot, chaplain; H. Heil- 
man, trustee. 


Donavan, 
senior master 


The organization was reported to be in 
a flourishing condition. Philadelphia was 
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selected for the next convention, in June, 
1910. 

The American Supplymen's Association 
held its exhibit on the second floor of the 
Rajah Temple. The exhibition was the 
most successful ever held by the associa- 
tion and the arrangement of the hall and 
hooths, under the supervision of H. G. 
McConnaughy, was the best we have ever 
at a convention exhibit, and the 
committee in charge is to be congratu- 
lated on the results attained. The follow- 
ing exhibited: Garlock Packing Com- 
pany, McLeod & Henry Company, Prac- 
tical Engineer, Jenkins Bros., Dearborn 
Drug and Chemical Works, Scully Steel 
and Iron Company, American Journal of 


seen 


PENNSYLVANIA STATE 


ASSOCIATION, N. A. S. E. 


Steam and Electrical Engineering, Key- 
stone Lubricating Company, 
Spencer Company, Berry [Engineering 
Company, H. B. Underwocd & Co., Peer- 


Griscom- 


less Rubber Manufacturing Company, 
John R. Livezey, Home Rubber Com- 
pany, Corbett Supply Company, H. W. 


Carey 


Johns-Manville Philip 
Company, Envineering Equipment Com- 
pany, Watson & McDaniel Company, 
American Steam Gauge and Valve Manu- 
facturing Allentown Rolling 
Mills, Birdsboro Steel Foundry and Ma- 
chine Company, William H. Taylor & Co., 
Scranton Steam Pump Company, Wilkirk 
Electric Company, W. B. McVicker Com- 
pany, Southern Engineer, Anchor Pack- 


Company, 


Company, 
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ing Company, H. Belfield Company, 
Hutchinson-McCandlish Coal Company, 
McArdle & Cooney, George W. Lord 
Company, Cancos Manufacturing Com- 
pany, L. J. Wing Manufacturjng Com- 
pany, France Packing Company, Quaker 
City Rubber Company, O. F. Zurn Com- 
pany,’ Crandall Packing Company, Cyrus 
3orgner Company, Power. 
On Tuesday evening, at the Rajah 
Temple, a banquet was given to which 
the ladies were invited, and about’ 590 


were seated at the tables. After the 
covers were removed, Past Supreme 
Chief Hiram M. Trout, toastmaster, 


introduced the following speakers: Fred- 
erick Markoe, the reélected supreme 
chief; Charles E. Leippe, Judge H. Willis 
Bland, Noah R. Pierson, past supreme 
chief, and “Jack” Armour. Claude Miller 
entertained with a humorous monologue. 

On Wednesday evening an entertain- 
ment was given in the exhibition hall by 
the New York “bunch.” Every number 
was the 
Dur- 
ing the evening Supreme Chief Frederick 
Markoe presented to each of the follow- 


generously applauded, and 


occasion was thoroughly enjoyed. 


ing gentlemen a handsome bouquet of 


William Le 
G. McCon- 


American Beauty 
Compte, Charles Hopper, H. 


naughy and Hiram Trout. 


roses: 


The other features of entertainment in- 
cluded trolley rides to Neversink and 
places of interest about the city, and a 
trip to Mount Penn. 

At a meeting held by the American 
Supplymen’s the 
officers Charles Hopper, 


Association following 

were elected: 

president; Nathaniel Kenny, vice-presi- 

dent; John W. Armour, treasurer; 

Frederick Jahn, secretary. “Bert” Wil- 
> - 

liams was appointed director of exhibits. 
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Convention of Pennsylvania 
Engineers’ Society 


The Engineers’ Society of Pennsylvania 
met at Harrisburg on June 9g, 10 and 11. 
The sessions were held in the State Capi- 
tol. Mayor Ezra S. Meals welcomed 
the visitors and F. Herbert Snow re- 
sponded for the society, of which he is 
president. The organization is com- 
posed largely of members of the En- 
gineers’ Clubs of Philadelphia, Harris- 
burg and Scranton and the Engineering 
Society of Western Pennsylvania, and 
the object of this union meeting was to 
take some action toward perfecting a 
State organization of all branches of 
the profession, and the consideration of 
a code and draft of laws to support it. 
The call states that a bill providing for 
the examination and licensing of engineers 
and providing fees and penalties almost 
passed the general assembly at the last 
session, and it is thought well to see 
what better proposition the engineer has 
to offer. Some protection to the public 
is demanded. 

A committee was appointed to draft 
a code and laws, and numerous papers 
upon general engineering topics were 
presented. Most of these dealt with civil 
and municipal engineering, but two were 
of especial interest to Power readers: 
The first of these was a talk, illustrated 
by lantern slides, upon “Gas Engines,” 
by E. T. Adams, of the Allis-Chalmers 
Company. He said that engines of 5000 
horsepower are here and engines of twice 
5000 horsepower are no farther off, look- 
ing forward, than engines of 1000 horse- 
power are looking backward. A station 
of one hundred thousand kilowatts ca- 
pacity can be put into the same space 
with producers and gas engines as with 
boilers and steam engines, and in large 
capacities the prices are on comparable 
terms. The engines are of course much 
more bulky than turbines, but the saving 
comes in reduced coal storage and less 
room for producers, while the cleaning 
and scrubbing apparatus require very 
little more space than the turbine aux- 
iliaries. In gas engines directly connected 
to compressors, the greater masses in- 
volved resist by their inertia the greater 
initial pressure and go far toward equal- 
izing the effective pressure. Steel pistons 
can be used without trouble in cast-iron 
cylinders, because the piston is sup- 
ported by tail rods outside of the cylinder 
and not allowed to bear. A _ station on 
railroad work near Milwaukee (probably 
Port Washington) used when first started 
2% pounds of Pocahontas coal per kilo- 
watt-hour. It is got down to a 50 per 
cent. load factor and a little over 18 
pounds per effective kilowatt-hour on 
the line. 

The other paper was that of J. G. 
Callanan, on “Low Pressure Steam Tur- 
bines.” 
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Power Plant Machinery and Appliances 


Original Descriptions of Power Devices 


No Manufacturers’ 


Cuts 


or Write-ups 


Used 





MUST BE NEW OR 


Duplex Pot Valve Pump 


The pump shown herewith has outside 
end-packed plungers and is designed for 
feeding boilers, pumping water contain- 
ing sediment or grit, working on oil lines, 
or hydraulic presses, and for mining pur- 
poses. The only wearing part in the 
pump end is the packing of the plunger 
stuffing boxes. No leak can occur there 
without being observed, and it is easily 
stopped by setting up the packing. As 
the plunger does not touch the pump cast- 


The Erie City Vertical Water- 
‘tube Boiler 


The Erie City Iron Works, of Erie, 
Penn., has added to its line of products 
the boiler shown in the accompanying il- 
lustrations, the reproduced photographs 
shown being from the experimental boil- 
er at the Erie shops. It is not claimed 
that the type is novel, but that the Erie 
iron works will bring to its manufacture 
and exploitation refinements and im- 

















DUPLEX POT-VALVE 


ings, there is no cutting or wear, con- 
sequently they require no reboring or re- 
fitting when working on gritty or sandy 
water. The piston rods do not enter the 
pump cylinders and are not exposed to 
the action of the water. Rods support 
the plunger slide in babbitted bearings. 

The water-end valves are in pots and 
are quickly accessible by taking off the 
plates over them. The steam cylinders 
are of a new type, the steam ports being 
arranged on a novel plan. The method of 
steam cushioning is new, and the valves 
are of an original form. The pump will 
not claimed, which 
overcomes the most serious objection to 
duplex pumps. The valve gear is ex- 
tremely simple and not liable to injury 
or wear, and can be replaced at very 
little expense or trouble. 
abandoned levers sub- 
stituted. The levers swing on steel studs 
having extra long bearings. Both levers 
are alike and are easily removed and 
replaced. This pump is manufactured by 
the Dean Brothers Steam Pump Works, 
Indianapolis, Ind. 


short-stroke, it is 


Rock shafts are 


and one-piece 


PUMP 


INTERESTING 


the length of the drums and the number 
of tubes sidewise, carrying with it in- 
creased width of furnace and _propor- 
tionate increase of grate surface, while 
the length of the grate may be made such 
as to give the desired ratio of grate to 
heating surface. 

The tubes are so spaced that any one 
of them may be cut out, removed and 
replaced without, interfering with any 
other. The entire boiler is suspended, 
as the engravings show, from the upper 
drum, giving perfect flexibility and free- 
dom to adjust itself to varying conditions 
of temperature and stress. The sufficiency 
of the expanded tube joints in the upper 
drum to sustain the weight thus brought 
upon them has not only been tested out 


thoroughly in former boilers of this con- 


struction, but has been tried in the boiler 
illustrated by means of hydraulic jacks 
and found to be entirely adequate. 

In this particular boiler the upper drum 
is 48 and the lower 40 inches in diameter, 
with It rows of connecting 3-inch 
tubes and, with 22 tubes in each row, 
furnishing 2377 square feet of water-heat- 
ing surface. The front and rear groups 
contain 4 rows each, the central group, 3 
rows. 

The baffling is arranged to give three 
passes as shown, the gases passing longi- 
tudinally through each: group of tubes. 


















































ENLARGED VIEW SHOWING SEPARATOR IN DRUM OF ERIE CITY 


provement in detail and experience and 
facilities which should soon make a place 
for it among the standard types. 

Unite the three banks of tubes of a 
Stirling boiler in a single upper drum, 
placed with its center directly over the 
center of the lower one, and you have the 
type. The furnace is an extension on the 
dutch-oven plan, allowing great flexibility 
in the adjustment of grate to heating sur- 
face and introducing the improved furnace 
conditions of the reverberatory arch. Ad- 
ditional capacity is gained by increasing 


BOILER 


This gives a travel of the gas of some- 
thing like ‘40 feet in contact with the 
heating surface, yet with such freedom 
of passage that there was little drop in 
draft pressure between the stack and the 
furnace when the boiler, nominally rated 
at 238 hcrsepower was developing over 
500, and burning 36.7 pounds of coal per 
square foot of grate. 

At each end of the upper drum is a 
dry chamber, as shown in the longitudinal 
section, in which is placed a separator 
upon each end of the steam-outlet pipe, 
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with the inlet facing toward the end of 


the drum and away from the steam- 
liberating surface. The boiler appears 


to be one which will be well adapted to 
the large units and intensive service de- 
manded by the modern power plant, 
especially those in which large amounts 
of power are required for peak periods 
and where the ability to stand forcing 
is particularly desirable. 





Feed Water Grease Extractor 


The principal points in connection with 
this device are as follows: Two valves 
forming the inlet and discharge from the 
extractor, when seated as shown in the 
illustration, force the water into the shell 
of the extractor through the cartridges, 
and in this manner the grease is ex- 
tracted. Where the valves are seated on 
the lower seat they form a bypass so that 
the shell of the extractor can be opened, 
the cartridges taken out and either re- 
placed with an extra set or cleaned and 
put back. 

The covering on the cartridges and 
form of applying are plainly shown at A, 
which is a somewhat reduced reproduction 
as to length when compared to the ex- 
traction shell. The ratio of the openings 
in the cartridges to the inlet of the ex- 
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creased due to the restricted flow of the 
water by the covering of the cartridges 
becoming filled with grease. 

Provision is made in the base, 
as shown at B, to connect a 44-inch steam 
pipe, driving steam into the inside of the 
cartridges and in this manner cleaning 
them so as not to necessitate taking the 
cartridges out as often as would other- 
The shell of the ex- 
tractor is small and compact. The shape 
of the cartridges, which are triangular, 
as shown at C enables them to be placed 
in a comparatively smaller space. 

The device is intended for stationary 
or marine practice and can be connected, 
as shown, directly to operating valves or 
to the valves in the pipe line. This ex- 
tractor is manufactured by the American 
Steam Gauge and Valve Manufacturing 
Company, 208 Camden street, Boston, 
Mass. 


also 


wise be necessary. 





A Portable Tachometer 





A portable single-spindle-type tachom- 
eter is herewith illustrated. It is manu- 


factured by the Industrial Instrument 
Company, Foxboro, Mass. This instru- 
ment is designed for hand application 


to engines or any shaft or pulley, and 
shows at a glance the rate of rotation or 
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upon the rate of revolution and is indi- 
cated on a properly graduated dial by 
means of a suitable link and pointer. 
The arbor is carried on a slide so that 
in this extreme position the highest speed 
is in By pushing in on the arbor 
against the pressure of a spring, the next 


gear. 


lower gear is thrown in, until 


and so on, 














FIG. I. PORTABLE TACHOMETER IN CASE 
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tractor is as 48 to 1, and the cartridges 
are held firmly in place by seating in the 
base and by ‘plate and spring washers at 
the top. 

The pressure gages are applied to both 
the main chamber and base so as to note 
the difference in pressure, and tell when 
the’ pressure in the main casing is in- 














FEED-WATER GREASE EXTRACTOR 


peripheral speed. The operation is based 
upon the governor principle, the weights 
shaft of the 
instrument that, revolving with it, they 
tend to fly out under the influence of cen- 


being so mounted on the 


trifugal force, which is resisted by a 
spring. The resultant motion of the 
weights relative to the shaft depends 


LLLILLLL. 


Cartridge, Reduced Size 


























Power, N. ¥. 


The arbor in 
pushed its 
A range of from 300 to 12,000 revo- 
lutions per minute can thus be automati- 
cally brought into use. 


the lowest gear is in mesh. 


this position has been into 


stop. 


Suppose the instrument is to be used 
and the correct speed is not known: The 
operator pushes against the shaft until the 
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tachometer begins to register. The fig- 
ures appearing on the sight aperture indi- 


cate the range in gear. If desirable, this 


arbor can be clamped in this or any other 
range position by means of the lock stud 
shown on the side of the case. 























FIG, 2. 





MECHANISM OF THE TACHOMETER 


If the speed of the shaft or pulley is 
within the range of the lowest number 
shown on the range register, which is 
from 300 to 1200 revolutions per minute, 
the instrument will register on the inner 
graduation of the dial, which figures read 
from 3 to 12. If the speed range is from 
goo to 3600, the registration will be on 
the outside figures of the dial, which show 
from 10 to 35, the numbers indicating 
speeds of 1000, 1500, 2000, etc. If a still 
higher speed of from 3000 to 12,000 is to 
be registered, the readings are taken from 
the inner readings of the dial, but are 
read in thousands instead of hundreds, as 
in the first instance. 

Each instrument is furnished with a 
leather case as shown in Fig. 1, in which 
is mounted one extension piece for the 
arbor, one steel and one india-rubber 
point for coupling to the shaft, one rub- 
ber-lined cone for coupling to a spindle 
and one disk for band drive if the shaft 
is inaccessible. 
mechanism. 

Stationary 
horizontal 


Fig. 2 shows the interior 


taghometers 
and 


made in 
for belt 


are 


vertical types 


drive or direct connection to shafts. 
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Trenton “Type A” Gas Engine 


A new type of gas engine known as 
“Type A” is now built by the Trenton 
Malleable Iron Company, Trenton, N. J., 
the illustration in Fig. 1 showing this 


type of engine direct-connected to a di- | 


rect-current generator. 

As to all the surfaces 
within the combustion chamber are ma- 
chined so that the heat losses from radia- 
tion and the tendency to accumulate car- 
bon are reduced to a minimum. All 
valves are removable without interfering 
with any piping, it being merely neces- 
sary to remove one cotter pin, and slip 
out the stud, when by removing the cap 
screws the valve and valve seat can be re- 
moved without interfering with any other 
adjustment on the engine. By taking 
out the valve case, the interior of the 
combustion chamber can be cleaned and 
inspected at will. The cam shaft, main 
bearing and connecting-rod boxes are 
readily accessible through doors in the 
housing. One lever shifts all auxiliary 
cams and the engine is controlled from 
one position. 

As indicated in Fig. 1, the bedplate is of 
box construction and supports the crank- 
shaft bearings, shown at either side. The 
bearings are made of malleable iron and 
lined with Parsons white brass. As a 
means of lubrication to the bearings, oil 


construction, 
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giving them one-half revolution on the 
shaft. 


In -Fig. 2 is shown the piston, which is 
of the trunk pattern, of ample length and 
packed with cast-iron rings. It carries 
a wristpin which is steeled, hardened and 




















FIG. 2. 


PISTON, 


SHOWING OILWAYS 













































































FIG. I. 


is delivered through an oil pump driven 
by a spur gear inside the housing. By re- 
moving the cap of the boxes and lifting 
the weight of the crank shaft, the lower 
halves of the boxes can be taken out by 








TRENTON “TYPE A” GAS ENGINE 


ground. The sides of the piston are fitted 
with oilways which are filled with lubri- 
cation from the oil pocket, being fed from 
the inside through a suitable hole. 

Both the inlet and exhaust valves are 
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of the poppet type, mounted in cases 
bolted to the cylinder head. They are op- 
erated from the cam shaft by means of 
push rods and valve levers. 

The governor is of the centrifugal ball 
type mounted on the end of the housing 
and is so driven that the torsional dis- 
turbance of the cam shaft, due to the op- 
eration of the valves is not affected. It 
is simple and extremely sensitive, which 
enables a very close regulation to be ob- 
tained. A simple mixing chamber and 
valve are fitted to the engine. At the 
center of the inlet manifold are the gas 
and air inlet valves and mixing chamber. 
The make-and-break type of ignition is 
used, being at all times under governor 
control. This engine is built in sizes up 
to 8% horsepower and makes a compact, 
neat generating set where a_ limited 
amount of power is required. 





Ladies’ Night at Pawtucket 





Saturday evening, June 5, was the an- 
nual ladies’ night of Pawtucket Associa- 
tion No. 2, N. A. S. E., and in spite of 
the pouring rain a large number gathered 
at the association Cottrell 
block. Shortly after 8 o’clock the ex- 
ercises were opened with a piano duet 
by Miss. Marion Cooper and _ Ralph 
Daniels. 


rooms in 


President Keene, ‘in a racy preliminary 
address introduced F. L. Johnson as the 
“religious” editor of Power and also as 
the first speaker of the evening and 
toastmaster. Mr. Johnson gave a short 
description of his “missionary” life in 
New York and his domestic troubles in 
Lynn. He took advantage of his posi- 
tion as toastmaster to bring his remarks 
to an early close, and soon introduced 
Past National President P. H. Hogan, 
who spoke of the educational advantages 
enjoyed by members of the National As- 
sociation of Stationary Engineers. He 
was followed by a character duet by the 
Misses Bessie Donohue and Bessie Ryan. 

“Ed.” Kearney, Massachusetts State 
deputy, told how the average engineer, in- 
stead of telling his troubles to a police- 
man, usually took them home with him. 
Alvin Martin, in a few apt remarks, pre- 
sented to the winner, “Ed.” L. Cheney, 
the prize which is given every year to the 
member furnishing the best question for 
discussion during the educational season. 

Next on the program was a presenta- 
tion of the balcony scene from “Romeo 
and Juliet,” by the Misses Donohue and 
Ryan. This was followed by a few re- 
marks by Columbus Dill, of America. W. 
M. Childes expressed his opinion that a 
woman’s place was at home, not attending 
auxiliary meetings or dJadies’ nights. 

Mrs. Canfield, past president of Rhode 
Island No. 1, Ladies’ Auxiliary, in a few 
well chosen remarks gave Mr. Childes all 
that was “coming to him” Then the 
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toastmaster remarked that had the com- 
mittee of arrangements possessed more 
paper the program would have _ been 
longer. 

The remainder of the session was given 
over to the refreshment committee, who 
served ice creani, cake, coffee and cigars. 

As the last car left the square, in the 
wee sma’ hours, the guests reluctantly 
took their homeward way, the out-of-town 
visitors going to Hotel Burke in Paw- 
tucket. 

Next day the visiting guests were taken 
on an automobile excursion to the vari- 
ous points of historical interest in and 
around Providence and Pawtucket. 

The occasion will long be remembered 
by all who participated in it. 





Personal 


Karl M. Way and Perry Barker, for- 
merly assistant engineers of the United 
States Geological Survey, have joined the 
fuel-engineering department of the Arthur 
D. Little Laboratory of Engineering 
Chemistry, Boston, Mass. 





Business Items 


Herbert S. Crocker and Milo S. Ketchum 
have formed a partnership under the firm 
name of Crocker & Ketchum, consulting en- 
gineers, with offices at Suite 438, 811 Seventh 
street, Denver, Colo. 


J. Broadfield Simpson has opened an of- 


fice as consulting mechanical engineer at 
541 Calvert building, Baltimore, Md. Mr. 
Simpson would like to receive catalogs and 


hear from concerns wishing a 
in that section. 


The Jacobson Machine Manufacturing Com- 
pany, of Warren, Penn., builder of gas and 
gasolene engines, announces that it has engaged 
as foreman of its machine department John 
Remler, who was for several years mechanical 
inspector at the Franklin works of the Chicago 
Pneumatic Tool Company. 

The Stone and Webster Engineering Corpora- 
tion, of Boston, recently placed an order with 
the American Ship Windlass Company, Provi- 
dence, R. I., for three Taylor mechanical stokers 
for installation at the Dallas, Tex., electric light 
and power plant, for which six similar stokers 
were previously purchased. 


An engineer's handbook has been published 
by the Erie Engine Works, Erie, Penn. It 
contains upward of eighty pages of useful in- 
formation for operating engineers. It also, 
of course, illustrates the product of the Erie 
Engine Works, and will be sent free to any 
engineer sending his name and address. 


The Jackson Manufacturing Company, Nashua, 
N. H., awarded a contract to the Aberthaw 
Construction Company, Boston, Mass., for the 
construction of a reinforced concrete trestle 
through its coal pocket. The track is to be 
supported by beams running under the rails. 
Large concrete columns with Y tops stayed in 
place by concrete beams are to form the main 
supports. The whole construction is to be 
heavy enough to take the largest coal cars. 


The American Blower Company, Detroit, 


representative 
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Mich., has just issued a 24-page booklet, 7x8? 
inches, treating of “Sirocco”’ fans and other 
“ABC” specialties. The greatest interest, 
of course, attaches to the portion of the booklet 
which deals with “Sirocco” fans, several impor- 
tant installations being shown and _ valuable 
engineering data given to emphasize the claims 
for these fans, including increased efficiency 
and capacity, decreased space required and 
slower speed. 


The Interborough Rapid Transit Company, 
of New York City, has adopted Keystone grease, 
manufactured by the Lubricating. 
Company, Philadelphia, for all the escalators 
at its elevated-railroad stations. These ma- 
chines are motor-driven and the largest escalators 
have several motors for the different parts. 
As these installations are a public-service propo- 
sition it is absolutely essential that they be 
kept running without fail, and therefore proper 
lubrication is all-important. 


Keystone 


The Detroit United Railways recently placed 
a contract with the Westinghouse Machine 
Company for another turbine unit. This com- 
piny already operates Westinghouse turbines 
in three of its power stations. The new turbine, 
which is of 1000 kilowatts’ capacity and is to 
operate at 150 pounds’ steam, 28 inches’ vacuum 
and saturated steam, will be installed at the 
Rochester station on the Detroit & Flint ‘divi- 
sion. This station already contains engine- 
type units, but extensions of traflic hive neces- 
sitated the installation of this new turbine unit. 


The American Steam Gauge and Valve Manu- 
facturing Company, Boston, recently furnished 
the following equipment for the three new 
colliers built by the Maryland Steel Company: 
Eighteen American-Thompson improved indica- 
tors, three 10-inch chime whistles, three 6-inch 
siren whisiles, twelve 34-inch duplex pop sa‘ety 
valves, three 2-inch sinvle pop savety valves, 
18 steam and water relief valves, 12 cylinder 
relief valves, 52 gages, 3 clocks, 6 counters. The 
company also furnished the following for the 
“North Dakota,” built by the Fore River Ship- 
building Company: Six clocks, 108 steam ahd 
vacuum gages, 2 counters, 68 valves., 


The Wisconsin Engine Company, of Corliss, 


Wis., reporis increasing orders for both its 
Corliss engines and its complete-expansion 


gas engines. A recent gas-engine contract was 
received from the Bartlesville Electric Light 
and Power Company, of Bartlesvilie, Oxla., 
and covers two engines of the horizontal tandem 
double-acting type, each to develop 690 b.h.p. 
and to be direct-connected to a 60-cycle alter- 
niting-current generator. These generators 
are to operate in parallel and very close rezula- 
tion has been guaranteed. The complete- 
expansion principle, they say, embodies the 
expansion of the burning charge to a very low 
terminal temperature and pressure with the 
consequent bettering of the working conditions, . 
simplifying the lubrication feature and decreasing 
the gas consumption by about 20 per cent. 

The Industrial Instrument Company supplies 
data on its instruments in the form of engi- 
neering bulletins, each bulletin being devoted 
to a certain line or class of meters, or to those 
instruments of different classes that group 
themselves conveniently for a certain industry. 
This method shares much of the elasticity of 
loose-leaf catalogs without involving the trouble 
of their maintenance. It furthermore eliminates 
the formidable general catalog, only a small part 
of the contents of which is of interest to the 
averige customer. The engineering bulletin 
treats one type or cliss of instruments exhaust- 
ively, without including irrelevant matter. The 
various bulletins published by this company 
are 8x11 in size and punched for binding together 
in substantiiul covers. These covers, or binders, 
and any bulletins will be sent to engineers 
interested in instruments upon application 
to the Industrial Instrument Company, Foxboro, 
Miss. 

Much his been written and said concerning 
the value of lubrication and how vital it is for 
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efficient operation of any form of mechanism. 
Elaborate formulas have been given for testing 
different lubricants and literature has been 
prepared with a view of exploiting all kinds 
of products of this nature. It is not, however, 
essential that one should acquire an education 
of oils and greases, but it is imperative that 
a good article be used, for should this not be 
done theengineer is gaining very expensive 
experience. Then the primary object should 
be to select a product that has a reputation 
which has been gained because of satisfaction. 
Adam Cook’s Sons, 313 West street, New York, 
state that Albany grease was the first lubricant 
in the field, being in practical use on all kinds 
of machinery for over 40 years, and that good 
results have been obtained under the most 
adverse conditions. Its use has been extended 
to every portion of the power plant where a 
solid lubricant may be employed. Albany 
grease is made in seven densities and is packed 
in one-, five-, ten-, twenty-five -and fifty-pound 
cans and kegs, half barrels and barrels. 





New Equipment 


A new power house will be erected at the 
Butler Hospital, Providence, R. I. 

The Martin Dyeing and Finishing Company, 
Bridgeton, N. J., will enlarge power plant. 

The American Silver Company, Bristol, Conn., 
is having plans prepared for the installation 
of a new steam plant. 

The Great Western Electric Power Company 
has let contract for the construction of a sub- 
station at Oakland, Cal. 

A new power house is being erected at the 
Hudson River State Hospital, Poughkeepsie, 
N. Y., to cost $125,000. 


The Le Mars (Iowa) Water and Light Company 
is planning to install new generator, changing 
from 120-cycle to 60-cycle direct belted. 

The corporation of Basic City, Va., will erect 
a hydroelectric light and power plant. Plans 
can be had of W. M. Page, city treasurer. 

The Calvert (Tex.) Water, Ice and Electric 
Company has awarded contract for rebuilding 
and improvements to plant to cost $40,000. 

Proposals will be received until 10 a.m., June 
21, by Constructing Quartermaster, Fort Sill, 
Okla., for the installation of a central heating 
plant. 

The Geneva, Waterloo, Seneca Falls & Cayuga 
Lake Traction Company, Seneca Falls, N. Y., 
will erect an auxiliary power plant at Cayuga 
Lake Park. 

The Bettendorf Improvement Company, Bet- 
tendorf, Iowa, has applied for franchise for 
waterworks system, sewer system and electric 
light plant. 


The Tulia Light and Ice Company, Tulia, 
Tex., has been incorporated with $10,000 capital. 
Incorporators, J. W. Schwarz, J. E. McCune, 
E. D. Smith. 


R. P. Arnold and M. W. Gresson, of Prescott, 
Ark., and others are organizing a company to 
establish a ten-ton ice plant, cold-storage plant, 
grist mill and cotton gin. 


The Mound City Electric Light and Ice Com- 
pany, Mound City, Mo., has been incorporated 
with $25,000 capital by F. M. Miller, R. W. 
Neill, T. W. McCoy, J. A. Crisweil. 


City of Gulfport, Miss., is having plans pre- 
pared for water works improvement to include 
the installation of an additional 1,000,000 gallon 
pump. M. F. Sullivan, city engineer. 


The Commissioners of Waterworks, Newport, 
Ky., will arrange for improvements to cost 
$85,000. These will include two pumps of 
5,000,000 gallons dajly capacity. W. L. Glazier, 
superintendent. 
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The North Rose Cold Storage Company, 
North Rose, N. Y., has been incorporated to 
establish cold storage plant and warehouse. 
Capital, $20,000. Incorporators, John Hill, 
Frank Hill, Thos. B. Welch, Addison Weed. 


_A. M. Powell, candy manufacturer, Sullivan 
and Canal streets, New York, will erect a new 
ten-story building. Three Erie Ball engines, 
threé Scotch boilers will be installed. Seventy- 
five ton ice machine, several pumps and elevators 
will be needed. 


The Isthmian Canal Commission, Washington, 
D. C., will receive bids up to- 10:30 a.m., June 
21, for surface condenser, pumps, hose, rubber 
valves, packing, pipe covering, leather belting, 
pipe fittings, valves, ejectors, lubricators, etc., 
as per Circular No. 514. 


Bids will be received by W. T. Kelly, Borough 
Clerk, Bellefonte, Penn., until June 1 for con- 
struction of complete electric power-plant, 
as per plans and specifications on file in clerk’s 
office and at the office of D. C. & W. B. Jackson, 
84 State street, Boston, Mass. 


The Bureau of Yards and Docks, Navy Depart- 
ment, Washington, D. C., will receive bids 
until 11 a.m., June 26, for one 1000 and. two 
1500-kilowatt turbo alternators for New York, 
Philadelphia and Boston navy yards. Speci- 
fications can be had at the bureau or navy yards. 





New Catalogs 


Templeton Manufacturing Company, 22 Ran- 
dolph street, Boston, Mass. Catalog. Sterling 
steam trap. Illustrated, 5x9 inches, 

Greene, Tweed & Co., 109 Duane street, New 
York. Catalog. Rochester automatic lubrica- 


tors. Illustrated, 48 pages, 6x9 inches. 
Alberger Condenser Company, 95 Liberty 
street, New York. Catalog No. 13. Wainwright 


water heaters. Illustrated, 16 pages, 6x9 inches. 

Woven Steel Hose and Rubber Company, Tren- 
ton, N. J. Catalog. Rubber hose, belting, 
packing, etc. Illustrated, 28 pages, 6x9 inches. 

Ingersoll-Rand Company, 11 Broadway, New 
York. Bulletin Form No. 300L. Air and gas 
compressors. Illustrated, 16 pages, 6x9 inches. 

Du Bois Iron Works, Du Bois, Penn. Bulle- 
tin, ‘‘EP’’-No. 3. Motor, gasolene,° engine and 
belt-driven pumps. Illustrated, 8 pages, 6x9 
inches. 


The Westinghouse Air Brake Company, Pitts- 
burg, Penn. Instruction Pamphlet No. 5030. 
Type K Triple Valve. Illustrated, 30 pages, 
44x7 inches. 


The Bristol Company, Waterbury, Conn. 
Bulletin No. 102. Partial lists of recording pres- 
sure and vacuum gages. Illustrated, 24 pages, 
8x104 inches. 


Hill Clutch Company, Cleveland, Ohio. Pamph- 
let, ‘Tests of Friction Clutches for Power Trans- 
mission,” by Prof. R. G. Dukes. Illustrated, 
16 pages, 6x9 inches. 


The Jeffrey Manufacturing Company, Colum- 
bus, Ohio. Catalog 32-A. Coal and ashes 
handling machinery in power plants. Illus- 
trated, 72 pages, 6x9 inches. 


Westinghouse Electric 
Company, Pittsburg, Penn. Circular No. 1160. 
Multiple tungsten lamps. Illustrated, 12 pages, 
7x10 inches. Circular No. 1164. Type MS mill 
motors. Illustrated, 24 pages, 7x10 inches. 


and Manufacturing 


Westinghouse Electric and Manufacturing 
Company, Pittsburg, Penn. Circular No. 1165. 
Electric fans. Illustrated, 36 pages, 7x10 inches. 
Circular No. 1148. Mercury rectifier battery 
charging outfits. Illustrated, 18 pages, 7x10 
inches. Circular No. 1158. Electric motor 
friction brakes. Illustrated, 14 pages, 7x10 
inches. 
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Help Wanted 


Advertisements under this 
for 25 cents per line. 
a line. 

WANTED—tThoroughly — competent 
specialty salesman; one that can _ sell 
grade goods. Address ‘“‘M. M. Co.,”’ 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago, 

ENGINEER SALESMAN in each town 
to handle our rear end flue blowers on big com- 
mission. Write U. S. Specialty Mfg. Co., Pitts- 
burg, Pa. 

WANTED—First-class 
capable of handling 





head are inserted 
About six words make 


steam 
high- 
POWER. 


engineer, must be 
d 250-horsepower Corliss 
engine, motors, heating plant, etc., in large 
mill. Best references required. Box 62, Powrr. 

.WANTED—Engineer salesmen for  indus- 
trial and central heating and power plants 
to travel in middle West territory. Must have 
hid technical training and at least five years’ 
experience in selling heating systems and powe; 
station equipment. High grade men with 
first-class references only need. apply. Box 
64, PowEr. 

WANTED—A_ good live agent in every 
shop or factory in the U. S. to sell one of the 
best known preparations for removing grease 
and grime from the hands without injury to 
the skin. Absolutely guaranteed. An agent 
cin make from $5.00 to $25.00 over and above 
his regular salary. This is no fake. Write 
for free sample and agents’ terms. The Klen- 
zola Co., Erie, Pa. 


Situations Wanted 


Advertisements under this head are inserted 
4 25 cents per line. About six words make 
a line. 


CHIEF ENGINEER, accustomed to the 
operation of large industrial, electrical power 
oo. and capable of producing results, would 
ike to connect with a concern which desires 
a first-class man. Box 65, PowEr. 


WANTED—A position as engineer or master 
mechanic. Have had 20 years’ experience 
with Corliss and other high speed engines. Can 
take charge of electric plants and blast tur- 
naces. Am _ strictly sober and can _ furnish 
a of references. Box 793, Manistique, 

ich. 


Miscellaneous 


Advertisements under this head are 
for 25 cents per line. 
a line. 

WANTED—From 500 to 1500 horsepower 
of B. & W. water tube boilers in units of 250 
horsepower each. Must be in A-1 condition. 
Inquire of J. F. Cargill, Room 1630, Frick 
Building, Pittsburg, Pa. 

PATENTS secured promptly in the United 
States and foreign countries. Pamphlet of 
instructions sent free upon request. C. L. 
Parker, Ex-examiner, U. Patent Office, 
McGill Bldg., Washington, D. C. 

WANT TO GIVE FREE of cost or work, 
to one engineer in each town that has charge 
of a steam plant, a first-class indicator and 
reducing wheel. with plush-lined mahogany 
case; this doesn’t sound right but it is. G. L. 
C. Co., Cor. 14th and Clark Sts., Manitowoc, Wis. 

HAVE A FIRST-CLASS MACHINE SHOP 
and am desirous of extending my line. Have 
means and experience to handle, sell, represent 
and act as agent for a high class steam engine 
or other machinery concerns seeking repre- 
sentation in New York. Parties interested 
reply, Box 63, POWER. 

WANTED—Any concern having a_ small 
Corliss engine, say, from 75 to 125 horsepower, 
that anticipates taking this engine out for a 
larger unit within the next few months, may 
find an opportunity of disposing of it by writing, 
giving particulars, price and where it can_be 
‘“* Perfect Box 


( inserted 
About six words make 


seen in operation to Order,”’ 
55, POWER. 
For Sale 
Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 


SIXTY horsepower marine type water tube 
boiler. Used five months, in good condition. 
Hurley Track Laying Machine Co., Chicago, Ill. 

150 HORSEPOWER tandem compound Cor- 
liss engine in good order; 16-foot wheel; 24-inch 
face. F. W. Iredell, 11 Broadway, New York. 

FOR SALE—20x48 Wheelock engine and 
two 72”x18’ high pressure tubular boilers in 


good condition cheap. Address ‘* Engineer, 
Box 2, Station A, Cincinnati, Ohio. 
FOR SALE—-Nine horizontal return tubu 


lar boilers for 100-pounds pressure; sizes as 
follows: three 78-inch by 18-inch, two 66-inch 
by 18-inch, four 66-inch by 16-inch. Address 
Fox River Paper Co., Appleton, Wis. 


FOR SALE—One 16x10x10 duplex, two 
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Remarkable Plant of the St. Clair 
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Tunnel 


Turbine Plant Enabled to Carry a Load Varying Instantly from Zero 
to 100 Per Cent. Overload by Novel Method of Controlling Combustion 





BY O 


A study of the power problems in- 
volved in the recent electrification of the 
St. Clair tunnel at Port Huron, Mich., 
and their. method of solution, serves to 
show to what extent a modern steam plant 
may be designed to meet special con- 
ditions. It is safe to say that there is no 
other electric power plant in the country 
where the load conditions are so extreme- 
ly unusual. Large variations in load are, 
of course, no noveity, but in this case 
the fluctuations represent the entire range 
of generating canacity, with no-load 
periods of indefinite duration, the load 
coming on withou: the slightest warning 
and dropping off with equal rapidity. 

Consisting of a single-track iron-lined 
bore 19 feet in diameter, the tunnél proper, 
which was built in 1890 and operated with 
steam locomotives of specia’ design up 
to 1908, extends a distance of 6032 feet, 
in addition to the two approaches of 
2500 feet on the American side and 3300 
feet on the Canadian side, connecting the 
Port Huron and Sarnia terminal yards 
of the Grand Trunk railway. 

Operated as a single-track division of 
the railway system, there is offered ro 
opportunity for “recuperative working.” 
The heavy Westinghouse single-phase 
locomotives pull direct on the power house 
through their pantograph trolleys for the 
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end of this level stretch sufficient power 
must be instantly supplied to pull a 1000- 
ton train up a 2-per grade for a 
distance of I mile at a minimum speed 
of 10 miles an hour, and be able to start 
from a standstill on this grade if neces- 
sary. It can be seen, therefore, that 
quick steaming capacity was of the ut- 
most importance, and, on the other hand, 
of no less importance was the ability 
to take care of the no-load periods with- 
out distress, these periods coming on in- 
stantly after carrying for a short time 
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cent. 














F1G, 


2. POWER HOUSE OF THE ST. CLAIR TUN- 
NEL COMPANY 
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concrete. The stack, which is of Weber 
steel-concrete construction, rises 165 feet 
above the basement and is faced up 


to the roof of the building with paving 
brick to correspond with the general ar- 
chitecture. Fig. 2 shows the power-plant 
building and Fig. 3 the arrangement of 


the plant in plan and elevation. Owing 


to the slope of the river bank at this 
point there is considerable difference in 
level between the boiler and_ turbine 
rooms. 


CoALING FACILITIES 

Plenty of light 
on the 
river, 


and room are provided 
firing floor overlooks 
and there is sufficient 
tween the building and the water’s edge 
to provide for a switch track by which 
coal may be and 
away. If desired, may 
loaded directly boats. 
ing dumped receiving hopper, 
the coal is through a_ crusher 
driven by a 20-horsepower three-phase in- 
duction motor, and delivered to a bucket 
elevator, from which it is distributed to 
reinforced concrete hoppers by a Robins 
belt conveyer and automatic tripper. 
Bunker capacity of 750 tons is provided. 
A desirable feature in 
the 


which the 


space be- 


delivered ashes taken 
also be un- 


After be- 


coal 
from 
into the 
passed 


connection with 
coal bunkers is that metal-lath con- 
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movement of the trains. In Fig. 1 the 
grades and distances involved are given. 
Assuming that a train is passing from 
the American to the Canadian side, the 
load factor may be said to follow ap- 
proximately the profile of the tunnel; 
there will be no power used on the down 
grade, and owing to the momentum little 
or none on the 1700-foot stretch at the 
bottom of the tunnel, which is practical- 
ly level, having a grade of only 1 foot 
in 1000 for drainage purposes, but at the 


100 per cent. overioad. 

Lecated on the American side on the 
bark of the St. Clair river and slightly 
to the north of the center line of the tun- 
nel, the power house, which together with 
the remainder of the system 
stalled under the direction 
J. Arnold Company, of Chicago, con- 
sists of a substanti:: building with con- 
crete foundation up to the grade line, and 
above ths dark brown brick paving 
blocks, the trimmings being of stone and 


was in- 
of the Bion 


ing completely close off the bunker space, 
thereby excluding the dust from the boil- 
er room. 


BotLer INSTALLATION 


As the character of the load on this 
station imposes severe requirements on 
the steam-generating equipment, it is 


to be expected that some departure from 
standard sizes and will be 
found here. There four Babcock & 
Wilcox water-tube boilers installed, hav- 


dimensions 
are 
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PLAN AND ELEVATION OF POWER PLANT 
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ing wrought-steel inclined headers, and 
while rated at only 400 horsepower each, 
they have three horizontal steam drums 
42 inches in diameter and 23 feet 4 inches 
long. This provides a considerable excess 
of water capacity which becomes avail- 
able for steam making on lowering the 
steam pressure, and also enables the feed 
pumps to be used freely in reducing the 
steam pressure on no-load, should oc- 
casion require it. 

Two boilers are set in’a battery, and 
each boiler is equipped with three Jones 
underfeed stokers. In consideration of 


the load requirements it was desired to 
avoid any furnace construction calling for 
a large amount of firebrick walls or 
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dumped into the bucket conveyer and ele- 
vated to an ash hopper which can be un- 
loaded into cars on the side track. 


NoveL MetHop oF ConrroL_LInc Com- 
BUSTION 
The stokers operate with closed ash- 


pits and forced draft, the draft being 
automatically controlled by the steam 
pressure and the speed of fuel feed being 
also regulated according to load condi- 
tions. Two forced-draft fans with gal- 
vanized-iron ducts leading to each ash- 
pit are installed. By means of a special 
blast gate either fan may be used on the 
boilers. There is also a hand damper 
at each stoker to shut off the draft en- 








FIG. 4. 


arches, which would have a retarding ef- 
fect on the quick steaming action in case 
the brickwork should become cooled down 
during a no-load period, and which would 
also tend to give up a large amount of 
heat after the had 
passed. Therefore, nothing has been in- 


demand for steam 
terposed between the bank of tubes and 
the and _ the being 


constructed nine tubes high and 21 wide, 


bare fires, boilers 
give a large amount of heating surface 
directly the radiant 
furnaces, so that quick response is 
tained to all conditions of the fires. 


over the 


ob- 


heat of 


As shown in Fig. 4, coal is spouted to 
the stoker hoppers. Ashes are raked out 
onto the floor and passed through grat- 
ings into hoppers in the basement, from 


which they are loaded into push cars, 


BOILER ROOM 


tirely if desired. As indicated in Fig. 3, 
the fans are located in the pit of the tur- 


bine room. They are of the American 
Blower Company’s steel-plate construc- 
tion, 11 feet in diameter by 3 feet 5 


inches wide, and are driven by its type B 
vertical 1oxto-inch engines. 

Steam for these engines is taken from 
a 6-inch auxiliary header and the 
Kitts 


located in the boiler room. 


supply 
regulating valves 


These 


tapping the 


is controlled by 
valves 
main 

the 
coming 


have pressure lines 
reaching 
load 
on the machines, the pressure will be re- 
duced here before affecting the boiler pres- 
Immediately the fan in will 
be speeded up in direct proportion to the 


At the same time fuel 


steam header just before 


turbines, and an increased 


sure. use 


drop in pressure. 


1137 


will be fed to the furnaces at a propor 
tionately increased speed by a Cole auto- 
matic regulator, Figs. 5 and 6 giving the 
details of its Belted to 
each fan engine is a line shaft running in 
self-oiling bearings and extending to the 
front of the boilers in the basement, where 
each shaft is 


construction. 


connected through bevel 
gears with another shaft running at right 
angles, and by which the Cole automatic 
regulating valves are operated by belts. 
Either shaft may be cut out by a friction 
clutch when its corresponding fan is not in 
use. Situated on the boiler-room floor 
at each battery of boilers are the regulat- 
ing valves, each of which controls six 
stokers. As is well known, the Jones 
stoker operates by forcing the charges of 
coal upward into the fire by means of a 
ram plunger operated by a steam piston, 
the return stroke of the piston allowing 
fresh coal to drop into the charging tube 
from the hopper above. In operation the 
function of the Cole regulating valves is 
to control the number of charging strokes 
of the stoker by turning steam alternate 
ly into each end of the stoker cylinders. 
The Cole valves themselves, which are 
shown in lig. 7, consist of a 
rotating stem with a flat end, held to a 
The 
stem is turned by a ratchet attachment 


detail in 
valve seat by the steam pressure. 


driven by a connecting rod receiving mo 
tion through a lay shaft and worm gear 
direct from the fan engine, as previously 
described. At each revolution, a steam 
port A, Fig. 7, is uncovered, causing a 
charging stroke of the stoker. At other 
times during the revolution the steam port 
the passage B, 
which causes the stoker piston to remain 
in the outward position ready to make a 
charging stroke. 


is connected to longer 


It can be seen then that 
the rate of feed will be proportioned to 
the number of revolutions of the control- 
ling steam valves, which in turn are en- 
tirely dependent on the speed of the fan 
engines. In addition there is a further ad 
justment provided at the 
shown, whereby more or less notches on 


ratchet, as 


the driving mechanism may be engaged 
the more notches being 
taken up by the ratchet, the faster the 
steam valves will 3y means of 
the equipment described it is possible to 
provide a fuel feed which the 
peculiar load conditions in a most satis 
factory manner. 


or disengaged, 
revolve. 


meets 


FEED 

There are two Worthington 
inch pot-valve feed pumps provided and 
these the bat 
teries of boilers. They take water from a 


BolILer AND PIPING 


12x6xI0 
are located between two 
sump into which runs the overflow from 
the Other 
ranged so that water may be taken from 
the 
or from 


hotwells. connections are ar 


cold-water intake to the condensers, 
the 
sources of supply. 


giving three 


pump is 


city mains, 


Fach con- 
nected to a 700-horsepower Goubert, type 


B, vertical closed heater which utilizes the 














FIG, 


auxiliary exhaust. From the feed pumps 
the water passes through 3-inch Worth- 
ington water meters before going to the 
heaters. A thermometer is inserted in 
the feed lines both at the entrance and at 
the outlet to the heater. The average 
feed temperature is 200 degrees. : 

Referring to the sectional view of the 
boiler setting, Fig. 5, it is desired to call 
attention to the arrangement for clean- 
ing the combustion chambers, the bot- 
toms of which are really hoppers open- 
ing through doors into the basement, al- 
lowing the contents of the combustion 
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5. BOILER SETTING AND DETAILS OF AIR BLAST 


chambers to be raked out into the small 
push cars. Anyone who has had to do 
with the cleaning of ordinary combustion 
chambers will certainly appreciate this 
arrangement. Vertical gas passes are 
used, finally leading to a flue under the 
boiler-room floor and passing to the stack. 

Steam is taken from the boilers through 
6-inch long-sweep bends and discharged 
into an 8-inch header leading down to a 
separately fired Foster superheater, located 
between the batteries of boilers. All 
high-pressure piping is of mild steel with 
welded flanges. Seven-inch lines connect 


244’ Exbaust Pipe 


June 29, 1909. 













eras a 
ek a e 


< Section A-A 
Detail of Air Pipe Branches 


Power, N.Y. 


the superheater with the turbine throttles, 
a bypass being arranged so as to run on 
saturated steam if necessary. Separators 
are installed at the turbines to take care 
of entrained moisture in this event. 


FirrED SUPERHEATER 
The superheater, a close view of which 
is shown in Fig. 8, is designed to super- 
heat 36,000 pounds of steam per hour 
at 200 pounds per square inch to a final 
temperature of 587 degrees Fahrenheit, 
corresponding to a superheat of 200 de- 
grees. It is of Foster construction, the 


SEPARATELY 


Power, N.Y. 


FIG. 6, SIDE VIEW AND END ELEVATION OF COLE REGULATING MECHANISM 
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elements consisting of cold-drawn seam- 
less steel tubing upon which are shrunk 
cast-iron rings of special form, making a 
tube of practically one metal, being steel 
on the inside for containing the pressure 
and exposing only cast iron of special 
grade to the destructive action of the 
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stalled here. About one-half the floor is 
cut away, forming the pit shown in Fig. 
9, in which are located the fan engines 
and circulating pumps. 

The Westinghouse-Parsons turbo-units 
constitute the generating equipment. They 
deliver three-phase current at 3300 volts, 
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FIG. 7. DETAILS OF COLE AUTOMATIC VALVES FOR STOKER CONTROL 


hot gases. The cast-iron rings, aside from 
protecting the steel tube, give increased 
heating surface due to the corrugated 
effect. The heating surface is so ar- 
ranged that the entering steam is brought 
in contact with the cooler gases as they 
leave the superheater, the direction of the 
flow of the steam being contrary to the 
direction of flow of the gases. The super- 
heater is supported on a complete self- 
contained structural-steel framing, inde- 
pendent of the brickwork, which 
afterward built into the frame. 

In operation a fire is maintained on 
the grates by hand, and the temperature 
is controlled automatically by means of 
a thermocouple in the steam outlet to 
the superheater, which is connected to a 
relay by which a large solenoid is oper- 
ated. The solenoid opens or closes valves 
to a hydraulic piston, which in turn acts 
directly on the dampers. A separate coal 
chute is provided for the superheater, and 
natural draft is depended on entirely, the 
gases passing into the main flue under 
the boiler-room floor. 


was 


TURBINE Room 


The turbine room, which occupies about 
one-half the power-house building, is 
lined with light colored pressed brick and 
furnished with an 8-foot wainscoting of 
white enameled brick. Great pains have 
been taken with the painting and finishing 
of the machines, so that the plant presents 
an exceptionally neat appearance. A 15- 
ton Northern hand-operated crane is in- 
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FIG. 8. 


25 cycles, and are rated at 1250 kilowatts, 
with the further ability to deliver their 
full rated load on one phase. The steam 
ends have the standard bypass arrange- 
ment for overloads, and a speed-limiting 
device to shut off the steam in case of 
an excess of speed. The generators are 
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completely inclosed and are ventilated by 
air drawn through the coils by vanes in- 
stalled on the rotor. 

While the requirement to deliver full 
load from a single phase results in a larger 
and more expensive generator, it also 
carries with it a number of advantages. 
There are a considerable number of shop 
motors and pumping outfits connected to 
the system, all of which may be operated 
advantageously on three-phase current. 
Again, there is always the possibility of 
wanting to use power at some greater dis- 
tance, in which case three-phase trans- 
mission would be desirable. Finally, in 
case of general electrification of the road 
at any future time, the machines would 
be in shape to operate in parallel with 
the rest of the system without any change 
in equipment, and in this event consider- 
ably more than the present rating of the 
generators would be available on 
three-phase circuits. 


the 


Barometric jet condensers are installed 
in connection with the turbines. They 
are of the Worthington type and have 
30-inch exhaust connections, with 14-inch 
automatic relief valves leading to the at- 
mosphere through spiral-riveted pipe of 
the same size. Condensing water is sup- 
plied by two 10-inch volute pumps, driven 
by 7xg-inch vertical engines taking the 
water supply from wells connecting with 





SEPARATELY FIRED FOSTER SUPERHEATER 


the St. Clair river through 18-inch tile 
lines which terminate in a concrete in- 
take protected by a structural-steel grid 
and woven-wire screen at the dock line. 
Another 18-inch tile pipe line carries 
the overflow from the hotwells to the 
sump under the feed pumps, the excess 
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water flowing to the river. On the main 
floor near the condensers are located the 
straight-line rotative dry-vacuum pumps, 
with 8x6x12-inch cylinders. One motor- 
driven exciter of 40 kilowatts capacity is 


installed for ordinary service, with a 
squirrel-cage 3300-volt induction motor 
taking current from the busbars. In ad- 


dition each unit has a Westinghouse 


steam-driven exciter in reserve. 


SWITCHBOARD 
Ten switchboard panels, all of standard 
Westinghouse construction, are required 
to distribute the electrical output. The 








high-tension oil switches are located in 
an inclosed switchboard directly behind 
the board. There are two main generator 
panels located in the center of the board, 
as evident in Fig. 10; one for the locomo- 
tive power circuit, one each for three- 
phase power and pumping, and an arc- 
light panel. The from the two 
steam-driven exciters is concentrated on 
one panel and that of the motor-driven 
exciter another. One power- 
house panel takes care of the power and 
light in the engine and turbine rooms. 
Connections arranged that the 
lighting here, which is by Nernst lamps, 


output 


occupies 


are so 
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may be thrown on either the alternating- 
the 110-volt di- 
rect-current exciter circuits. All of these 
panels are equipped with ammeters, volt- 
meters and indicating wattmeters. In ad- 
dition recording wattmeters are installed 
to measure the output on locomotive ser- 
vice, pumping service and lighting ser- 
vice. 

A Tirrill regulator controls the voltage 
of the generator carrying the locomotive 
load, and this is mounted on a special in- 
strument panel at the left end of the 
board. All lighting, including the mercury- 
arc circuit for illuminating the terminal 


current busbars or on 








FIG. 9. GENERAL VIEW IN TURBINE ROOM 


yards, is carried by this machine to take 
The 
frequency indicator 
and synchroscope are also mounted on 
the same panel. 


advantage of the closer regulation. 


station voltmeters, 


Facing the switchboard on the opposite 
side of the operating floor is a gage board 
carrying all necessary indicating and re- 
cording instruments for the boiler plant, 
so that in the 
ponding the switch- 
board, everything is conveniently at hand 
for the operating engineer. 


connection with corres- 


electrical data on 
Feeders from 
the switchboard enter the tunnel through 
a shaft in the the 


power-house yard, 
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in Fig. 2, and 
tunnel on each 


cover of which is seen 
conduits are laid in the 
side of the track. 

Aside from the power and lighting load 
in the roundhouses and buildings at the 
Port Huron and Sarnia terminals, the 
greatest load outside of the traction ser- 
vice is for emergency pumping in the 
tunnel. It will be understood that the 
long open inclined approaches previously 
mentioned, occupy in the aggregate, con- 
siderable territory; in fact on the Ameri- 
can side this amounts to approximately 
II acres, and on the Canadian side 13 
acres. It is important to take care of 


the rainfall on this area to prevent the 
tunnel from being flooded, and for this 
purpose centrifugal motor-driven pumps 
have been installed, operating at 3300 
volts, 25 cycles and displacing the steam 
pumps formerly used. Fig. 11 shows the 
interior of one of these pumping stations. 

At the Port Huron portal there are two 
pumps with a capacity of 4000 gallons per 
minute driven by 1too-horsepower induc- 
tion motors, and at Sarnia there are two 
of 5500 gallons 


capacity connected to 


200-horsepower motors. In addition, each 
pump house has a small 150-gallon out 


fit for pumping out surface water which 
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returned to 455 degrees, at which point it 
registered when the load went off, as in- 
dicated by the slowing down of the Cole 
automatic mechanism. When the load 
had completely subsided neither the steam 
pressure nor superheat rose appreciably 
above the figures given. 
: ae By consulting the recording gages in 
= oe) Fy 4 SO0GOe cy. “6 Z the turbine room it was afterward found 
Dn , 4 : a, jot 2 that the peak load at this time was 1990 
i. pt plies atl ' kilowatts, an overload of 65 per cent. 
te’ > at ad The forced draft before the load was 0.3 
inch of water and during load 2.5 inches. 
The recording-gage charts at this plant 
are changed at midnight, and by a careful 
inspection of the variations for this par- 
ticular day, it was found that the fluctua- 
tions had all kept within the limits given 
above, so that they may be considered 
as fairly representative of what the plant 
FIG. 10. SWITCHBOARD does under ordinary conditions. The 





ordinarily finds its way into the approach- 
es. Two similar pumps are located at the 
foot of the Sarnia grade to.take care of 
condensation and seepage water in the 
tunnel. It is arranged so that water fall- 
ing on the sides of the incline can be 
impounded in reservoirs, leaving only that 
falling on the central portion of the 
grade to be immediately handled by the 
pumps during a rainstorm. The reser- 
voirs may then be emptied at leisure. 





OPERATING FEATURES 


Fig. 12 gives in graphical form the 
operating data during a train movement, 
the total weight of which, including lo- 
comotive, was 1020.5 tons. A _ study of 
this chart will show the power required 
at any instant and the variation of tem- 
perature, pressures, etc., occurring simul- 
taneously. It will be noted that there 
is really a remarkable ability on the part 
of the plant as a whole to maintain normal 
conditions regardless of load. 

As the load comes on absolutely with- 
out warning, the first indication given to 
the firemen is usually the speeding up of 
the pulleys driving the Cole regulating 
valves. When this takes place about PIG. II. «NTERIOR OF 














ONE OF THE PUMPING STATIONS 


largest momentary load ever carried up to 





the present writing is stated as 2600 kilo- 





watts—more than 100 per cent. overload. 
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= > nabbasaldonstl—|—aahoa th es ae The forty-first annual commencement 

3 | of Cornell University was held Thurs- 
day, June 17. Two hundred and twenty- 
five graduates received the degree of 
mechanical engineer, including seventy- 
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Puer,.¥, five who have specialized in electrical 
FIG. I2. GRAPHIC LOG OF OPERATION DURING ONE TRAIN CYCLE THROUGH TUNNEL engineering. Two years 


ago the elec- 
trical course was improved by the addi- 
four shovelfuls of coal are thrown on the when it had reached 200 pounds the load tion of a junior laboratory course, and 
superheater fire. At the time of the dropped off. Meantime the superheater the present class is the first to graduate 
writer’s visit to the plant a load came temperature dropped from 455 degrees to With this complete course. 
on with the steam at 193 pounds. It fell 430 degrees at a rate corresponding ap- 
away quite rapidly to 180 pounds, im- proximately to the drop in steam pres- Manganese, the hardest of the common 
mediately starting to come back, and sure. The temperature then gradually metals, is half as hard as the diamond. 
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Blowers as Breakdown Insurance 


By C. M. RIpLey 





One difficulty the engineer meets with 
in dealing with “the boss” is due to the 
frequent inability to state a proposition 
of an engineering nature so that it will 
be fully understood by the commercial or 
financial mind of his employer. Many an 
engine room would contain much-needed 
improvements, for which the engineer 
could not obtain an appropriation, if he 
had pleaded his cause properly. 

The president or treasurer of a com- 
pany must not be dazzled by technicalities, 
nor must he be confused in a maze of en- 
gineering facts. He must be made to sce 
the commercial side of the proposition. 
He must be made to realize that if a cer- 
tain sum of money is invested, the im- 
provement so purchased will yield him an 
annual return in reduced operating ex- 
penses. His mind always has been and al-. 
ways will be best appealed to by talking 
in dollars and cents and annual percent- 
age income, rather than in pounds of coal, 
gallons of water, B.t.u., etc. 


A BLower, FoR EXAMPLE 


Let us take, for instance, a blower. The 
engineer knows that if a blower were in- 
stalled for, say, a plant with two boilers, 
the following results not only would be 
expected, but could be positively guaran- 
teed: 

A cheaper fuel could be burned, furnish- 
ing, say, 9,000,000 B.t.u. for a dollar in- 
stead of 6,000,000. 

Any defects in the draft would probably 
be remedied. 

When one boiler needed cleaning, the 
other could be forced to carry the load. 

A breakdown in one boiler could be im- 
mediately repaired by forcing the other 
boiler to carry the load. 

But the president:of the company never 
heard of a B.t.u., and as for draft, little 
does he realize how the draft up the 
chimney vitally affects his bank account. 
The cleaning of the boiler means to him 
probably nothing more than does the 
cleaning of the marble wainscoting in the 
main hall. 


WHat THE Boss WANTS TO KNow 

The engineer would more frequently 
have his recommendations O. K.’d and 
new improvements put under way if he 
were to talk to the president or general 
manager in the following manner: 

“If we were to spend a little money in a 
blower, I figure—and I am ready to back 
it up at the cost of my position—that it 
will bring a return to us of 200 per cent. 
per annum, if not more. I consider this 
to be a very wise move for the following 
reasons: (1) We burn 2000 tons of coal 
a year, costing $8200. (2) With blowers 
we could get along with coal costing $2.80 
per ton instead of $4.10 per ton. (3) The 





POWER AND THE ENGINEER. 





difference is $1.30 on every ton that is 
delivered and will amount to over $1800 
per year. (4) The cost of making such 
changes is less than $500. (5) Therefore 
this investment will annually save us over 
three times the first cost, i.e., return 300 
per cent. per annum. (6) I have personal- 
ly investigated in odd hours other plants 
(naming them) where this change has 
been made and conditions in our plant are 
almost identical with these. (7) Besides 
this great saving every year, a blower 
will almost serve as an extra boiler, and 
will be as good in case of a breakdown of 
either boiler as would a third boiler held 
in reserve. (8) Our fuel bills will be 
bound to increase unless I am able to 
close down each of the boilers every few 
months and remove the scale from the 
tubes. This I can do, if a blower is in- 
stalled, with the least possible danger, 
and without the need of outside help, since 
the other boiler can do almost double 
work by merely starting the blower. (9) 
I hold the position of chief engineer for 
you and receive more salary than a mere 
engine man, because I am expected to keep 
the plant operating as cheaply as possible ; 
because I am expected to furnish ab- 
solute reliability of service, and I am 
expected to keep the machinery modern- 
ized and with the least amount of de- 
preciation. (10) It is my judgment that 
this change is necessary from my stand- 
point and will prove a splendid invest- 
ment on the books of the company.” 

The blower is but one example of a 
great many valuable improvements. As 
soon as the engineer is better able to 
explain the financial side of the operating 
questions with which he has to deal, and 
present them as investments, not as ex- 
penses, then the efficiency of isolated 
plants will increase and there will be few- 
er men thrown out of employment by 
the central-station service. : 





Killed and Injured in Boiler 
Explosion 


One man was killed, another probably 
fatally hurt and two others severely in- 
jured when the boiler of a portable saw- 
mill in the woods near Parker’s moun- 
tain, about 14 miles from the city of 
Rochester, N. H., exploded June 14. 

The largest piece of the boiler was 
blown over 500 feet and sections were 
picked up at much greater distances. 
The fireman was blown into the air and 
died within a few moments. Another 
man was terribly scalded and was so near 
the boiler that part of the contents of the 
furnace were scattered over him, burning 
most of his clothes. His condition was 
considered serious and it was not thought 
he could recover. 

The exact cause of the explosion is not 
known, but the boiler is believed to have 
burst under a high steam pressure. 
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Sizes of Fuses for Three-Phase 
Motors 





By N. A. CARLE 


In selecting the sizes of fuses for three- 
phase alternating-current motors it is nec- 
essary to make some assumption as to 
the probable power factor of the motor 
in operation and, knowing the efficiency 
of the motor from the manufacturer’s 
guarantee, calculate the amperes required 
to operate the motor at full load. 

It is customary to install fuses with a 
capacity from two to three times the 
calculated amperes at full load to provide 
for the excess current demanded to start 
the load. 

The formulas covering the various op- 
erations to be performed in calculating 
the amperes at full load are as follows: 


Horsepower * 746 


1000 = Kilowatts Output 





KW. Output a 

Mcetor Effici:ncy = Kilowatts Input 
KW. Input 

Volts X Power Factor x 1.732 





= Amperes. 


Combined into one formula: 
Hcrsepower X 746 





Motor Effic.ency < Power Factor X 1.732 K Volts 


= Amperes. 

The chart on page 1143 is designed to 
show the sizes of fuses to use for three- 
phase alternating-current motors’ up to 
200 horsepower for the usual limits of the 
variable factors entering into the calcula- 
tions in the foregoing formula. This 
chart is so designed that for motors above 
100 horsepower, 400-440 volts must be 
used. Either 200-220 or 400-440 voltage 
circuits can be used in calculations for 
motors of less than too horsepower. 


EXAMPLES 

(1) If the efficiency and power factor of 
a 50-horsepower three-phase motor oper- 
ating at 200 volts is 85 per cent., what 
size of fuse, with a factor of safety of 
2.5, should be installed in each wire? 

Starting with 50 horsepower read up 
to 85 per cent. motor efficiency, then across 
to 85 per cent. power factor, then down 
to 200 volts, then across to 2.5 factor of 
safety, and then down to 375 amperes as 
the capacity of fuses to be installed in 
each wire. 

(2) If a too-kilowatt motor operating 
at 440 volts has a power factor of 90 per 
cent. and an efficiency of 85 per cent. 
what size fuses should be installed in 
each wire, if the starting current is as- 
sumed to be equal to three times the 
operating current at full load? 

Starting with too kilowatts read up to 
85 per cent. motor efficiency, then across 
to 90 per cent. power factor, then down 
to 440 volts, then across to 3.0 factor 
of safety, and then down to 515 amperes 
as the capacity of fuses to be installed in 
each wire. 
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into Boilers 


Possible Ways of Utilizing More Fully the Heat Absorbing Ability of 
Steam Boilers to Obtain Better Economy and Higher Capacities 





_ HENRY KREISINGER AND WALTER F. RAY 


The ‘nvestigations which are detailed in 
his article are the result of the study of 
one of the many problems growing out 
o the general plan of the United States 
Geological Survey to increase the effici- 
ency with which the coals of the coun- 
try are being used. Greater efficiency re- 
quires better boiler and furnace design 
and means the conservation of the fuel 
resources of the country. These special 
investigations have been undertaken by 
the Technologic Branch of the Survey, of 
which Dr. J. A. Holmes is the expert in 
charge, and H. M. Wilson, chief engi- 
neer. J. C. Roberts, enginecr locally in 
charge of the Pittsburg plant, has given 
the work every possible encouragement. 
These experiments are directly under the 
charge of L. P. Breckenridge, consulting 
engineer, and D. T. Randall, engineer-in- 
charge of tests, and are part of a care- 
fully prepared plan of general investiga- 
tions into fuels. The experiments are 
now being continued at the Geological 
Survey testing station at Pittsburg, Penn. 

The object of this article is to treat of 
the heat-absorbing ability of steam boil- 
ers, and to point out possible ways of 
more fully utilizing this ability in getting 
both better economy and higher capa- 
cities from steam boilers. By a _ steam 
boiler is meant only the metalltc vessel 
which holds water and steam and which 
absorbs heat, aside from the furnace 
whose function it is to liberate the heat 
from the fuel. 


TRUE BorLer EFFICIENCY 


The amount of heat a boiler will absorb 
per unit of time depends almost entirely 
on the amount of heat available for ab- 
sorption. Not all of the heat which is 
liberated in the furnace nox all the heat 
which is delivered to the boiler is availa- 
ble for absorption. Heat flows of its own 
accord only from bodies at higher tem- 
peratures to bodies at lower tempera- 
tures, so that only that part of the heat 
which is above the temperature of the 
boiler will flow into the latter and there- 
fore is available for absorption; heat 
below the temperature of the boiler will 
not flow into it and is uot available for 
absorption. 

For example, supposing 4 pounds of 
furnace gases at 2500 degrees Fahrenheit 
are delivered to a boiler onerating under 
a pressure of 100 pounds by gage. The 
temperature of the water in the boiler is 
337 degrees Fahrenheit. Assume that the 


specific heat of the gases is 0.25 and that 
it does not vary with temperature. The 
heat in the gases which is available for 
the boiler is then, 


4 X 0.25 X (2500 — 337) = 2163 B.t.u- 


Heat below 337 degrees Fahrenheit is 
below the temperature of the boiler and 
cannot be absorbed by it. 

In practice no boiler absorbs all the 
available heat and the gases leave the 
boiler from one to several hundred de- 
grees higher than the boiler water, ac- 
cording to how good or how poor a heat 
absorber the boiler is. The heat which 
the. boiler does absorb, expressed in per- 
centage of the heat available for absorp- 
tion, is the true measure of the boiler’s 
ability to absorb heat and has been given 
the name True Boiler Efficiency by the 
United States Geological Survey. The 
true boiler efficiency is then the ratio, 


Heat absorbed by the boiler 
Heat available for absorption by the boiler * 





Thus, supposing that in the previously 
given illustration the 4 pounds of gases 
are cooled by the boiler from 2500 de- 
grees Fahrenheit to 550 degrees Fahren- 
heit, we have then as the heat available to 
the boiler. 


4 X 0.25 (2500 — 337) = 2163 B.tu. 
The heat absorbed by the boiler is, 

4 X 0.25 (2500 — 550) = 1950 B.tu, 
and the true boiler efficiency is, R 


1950 
—— = 90.1 per cenit. 
2163 mee 
If the atmospheric temperature is 50 
degrees I‘ahrenheit, then in the above case 
the heat in the gases above atmospheric 
temperature, delivered to the boiler, is 


4 X 0.25 (2500 — 50) = 2450 B.t.u., 
and the ordinarily used boiler efficiency is, 


1950 
2450 





= 79.6 per cent. 


The difference between the two effici- 
encies occurs in the denominators. In the 
true boiler efficiency the denominator is 
the heat available to the boiler, which heat 
has for its base line the temperature of 
the boiler water or steam, while in the 
ordinarily used boiler efficiency the de- 
nominator is the heat above atmospheric 
temperature delivered to the boiler, which, 


of course, has for its base line the tein- 
perature of the atmosphere. True boiler 
efficiency has the advantage over the ordi- 
narily used boiler efficiency that it takes 
care of the variation of the temperature 
of the furnace gases as well as the tem- 
perature of the boiler due to different 
steam pressures. In other words, true 
boiler efficiency does not blame the boiler 
for lessened useful effect caused by low 
temperature of furnace gases, which is 
really the fault of the furnace, nor does it 
blame the boiler for absorbing less heat 
when the temperature of the boiler water 
is raised by raising the steam pressure. 

Thus, for an example, supposing two 
boilers A and B are exactly similar in 
size, construction and setting and both 
are operated under a pressure of 100 
pounds by gage. Suppose boiler 4 is 
supplied with 4 pounds of furnace gases 
per second at 3050 degrees Fahrenheit, 
while 8 potnds of gases are supplied at 
1550 degrees Fahrenheit to boiler B; and 
also suppose that the temperature of the 
atmosphere is 50 degrees. Fahrenheit. It 
is evident that the boiler getting gases at 
the higher temperature will absorb much 
more heat than. the boiler getting them at 
the lower temperature, even if the gases 
supplied to each boiler contain the same 
quantity of heat above atmospheric tem- 
perature. Substituting these values, the 
heat above atmospheric temperature sup- 
plied to boiler A per second = 


4 X 0.25 X (3050 — 50) = 3000 B.t.u.; 
the heat above atmospheric temperature 
supplied to boiler B per second = 

8 X 0.25 X (1550 — 50) = 3000 B.t.u.; 
the heat avaflable to boiler 4 = 

4 X 0.25 X (3050 — 337) = 2613 B.t.u.; 
and the heat available to boiler B = 

8 X 0.25 (1550 — 337) = 2426 B.tu; 


Supposing further that the temperature 
of the gases leaving boiler A is 700 de- 
grees Fahrenheit and that of the gases 
leaving boiler B is 470 degrees Fahren- 
heit. Many experiments made by the 
Geological Survey on large boilers and 
also on sinall models show that the tem- 
perature of the leaving gases would be 
about as assumed above. The heat ab- 
sorbed by boiler A is 


4 X 0.25 X (3050 — 700) = 2350 B.i.u., 
and the heat absorbed by boiler B is, 
8 X 0.25 X (1550 — 470) = 2160 B.tu 
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The true boiler efficiency of boiler 4 is 


2350 


2613 90 itd cent., 


-and of boiler B, 


216¢ 
—— == & per cent., 
2420 
or very nearly the same as of boiler A. 
The ordinarily sed efficiency would give 
boiler A credit foi 
2350 
-—— = 78. er cent. 
3000 79-4 p ’ 


and boiler B credit for 


2160 
= 72 per cent. 
3000 

On comparing ‘the efficiency in the two 
cases, it is seen that the true boiler effici- 
encies are very nearly the same, while the 
ordinarily used efiiciency is over S per 
cent. lower «or boiler B than for boiler 
A. It is apparent that the drop in useful 
effect of boiler B is caused by some de- 
fect of the furnace construction or its 
operation, and, therefore, should not be 
charged against the boiler, but rather 
against the furnace. 

A moment's reflection will show that 
if the steam pressure is kept nearly con- 
stant and if the same quantity of heat is 
put into twice the weight of gases at 
half the temperature, twice the quantity 
of heat is below the temperature of the 
steam and, therefore, not available for ab- 
sorption. It may be asked why the true 
boiler efficiency has been devised. The 
study the heat-absorbing 
ability of a boiler independently of the 
operation of the furnace. In studying any 
complicated problem such as a_ steam- 
generating apparatus presents, it is neces- 
sary, if any general deductions are to be 
drawn, for as many of the variable fac- 
tors to be eliminated, or fixed, as possible, 
leaving only the ones (preferably two in 
number) which it is desired to study. 
In studying the function of the steam 
boiler proper, the first step was to elimi- 
nate the furnace and define the measure 
of the boiler’s ability. This latter has 
been done by devising the true boiler 
efficiency, and it now remains to study the 
ways in which heat gets from the hot 
furnace solids and gases into the boiler 
water. 


answer is, to 


Moves oF Heat TRAVEL 
Fig. 1 shows diagrammatically a sec- 
tion through a boiler heating plate and 
the modes of heat travel. It is shown 
that the metal of the plate is covered on 
the gas side with a layer of soot, and on 
the water side with a layer of scale. Next 
to the soot layer and entangled in its re- 
cesses is a layer or film of gas. This film 
of gas under ordinary conditions adheres 
so tightly to the soot or metal that it may 
almost be considered a part of the plate. 
It is, therefore, reasonable to assume that 
the dry surface of the plate is located 
somewhere within this film of gas. The 
wet surface of the heating plate is per- 
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haps in a similar film of water and steam 
adhering on the inside of the boiler to 
the layer of scale or metal plate if the 
boiler is clean. Through the metal plate 
and its coatings the heat is transferred 
from the dry surface purely by conduc- 
tion. For constant physical conditions of 
the coatings.the rate of heat flow depends 
only on the difference of temperatures 
between the dry and the wet surfaces of 
the plate. 

The heat is imparted to the dry surface 
of the plate mainly in two ways: (a) By 
radiation irom the hot fuel bed and fur- 
nace walls, and (b) by convection from 
the moving hot furnace gases. The con- 
vection Of heat is the process of the par- 
ticles of the moving gas coming in con- 
tact. with the dry surface of the plate and 
giving their heat to it. In a large ma- 
jority of the boilers of the water-tube 
type the heat imparted to the dry surface 
Wet Surfade 
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PERATURE DROP 
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of the heating plate by convection is by 
far the larger quantity of the total heat 
given to the boiler, so that any factor that 
increases the rate of heat impartation by 
convection increases nearly directly the 
rate of making steam. 

From the wet surface of the plate the 
heat is carried into the 
mainly by convection. Here the 
vecting body is the circulating water 
which scrubs the bubbles of steam from 
the wet surface and puts more water in 
contact with it. It is reasonable, then, to 
say that the faster the circulation of water 
the faster the rate of heat transfer from 
the wet surface into the boiler water. 

The heat which is communicated by 
radiation to the dry surface of the heat- 
ing plate is approximately proportional to 
the difference between the fourth powers 
of the absolute temperature of the fuel 
bed and furnace walls on one side and 
the temperature of the dry surface of the 
heating plate on the other. 


boiler water 


con- 


1145 


According to this law the heat which 
the boiler receives by radiation increases 
rapidly with the temperature of the fur- 
nace. However, in modern water-tube 
boilers the heating plate exposed to radia- 
tion is so small a portion of the total 
heating plate that the rise in temperature 
affects the rate of steam but 
little. Furthermore, in well operated boiler 
furnaces the temperature cannot be raised 
much higher, so that there is very little 
hope of increasing the capacity of a boiler 
by raising the temperature of the furnace. 
The absorption of heat by 
aside from the aim of this 
will not be farther discussed. 

There is much more to be expected 
from The quantity of heat 
imparted to the boiler in a unit of time 
can be increased by bringing more par- 
ticles of gas into contact with the dry sur- 
face of the heating plate, thereby increas- 
ing the rate of making them. In fact, this 
is what has been done for years in loco- 
motive and marine practice. In these 
types of boiler the capacity is increased 
by passing more gases over the heating 
plates, thereby bringing more particles of 
gas into contact with the dry surfaces of 
the plates. 


making 


radiation is 
article and 


convection. 


Heat IMPARTED BY CONVECTION 


Today it is a fairly well established law 
that the amount of heat imparted to a 
boiler plate by convection is very nearly 
directly proportional to the difference of 
the temperatures of the gases and the 
dry surface of the heating plate, times the 
velocity of gas passing over the plate, 
This law 
can be expressed by the equation, 


H=C(T—th)vw 


times the density of the gas. 


where 

H = Heat imparted to a unit surface 
of heating plate per unit time, 
Constant, 
Temperature of moving gases, 

= Temperature of the dry surface, 

Velocity of gases moving over 
the surface, 

w= Density of the gas. 


This law, originally proposed by Prof. 
Osborn Reynolds, was lately derived by 
Prof. John Perry, of England. It is not 
hard to see why this law should be such 
as it is. If more gas is passed over the 
heating plate, more particles come in con- 
tact with the dry surface and, therefore, 
more heat is given to the surface in a unit 
of time.* Again, if these particles are at 


*Strictly this statement that the number of 
particles of gas striking the dry surface of 
the heating pate increases nearly directly 
with the velocity of gas passing over the 
heating plate is true only beyond a certain 
velocity of the gas called the critical velocity, 
which varies with the cross-section of the gas 
passage and the temperature of the gases. 
The treatment of the critical velocity would 
make this article too involved and is, there- 
fore, left out. It is fully treated in the 
United States Geological Survey bulletin on 
“Heat Transmission into Boilers, Condensers, 
ete.” 
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higher temperature, the heat will flow 
faster from these particles of gases into 
the surface and more heat will be given 
to the plate by each contact of each gas 
particle; also if the gases are denser, that 
is, if these particles of gases are closer 
together, more of them will come into 
contact with a unit of dry surface in a 
unit of time and, therefore, more heat 
is given to the plate. Unfortunately, 
when the temperature rises, the gases ex- 
pand and the density drops, so that at 
high temperatures what is gained by the 
rise in temperature is nearly lost in the 
reduction of the density. This is the rea- 
son why in the two given examples the 
boiler receiving the gases at 1500 degrees 
Fahrenheit absorbs almost the same per- 
centare of the heat available as the boiler 
receiving heat at 3050 degrees Fahren- 
heit. 

3y extending this law still farther, it 
can be seen why fire-tube boilers with 
small tubes are more efficient than those 
having large tubes, or water-tube boilers 
having small tubes close together are bet- 
ter heat absorbers than those having large 
tubes farther apart. For an example, 
take one fire tube 2 inches in diameter, 
and one 4 inches in diameter; in the 
2-inch tube the particles of hot gas near 
the center of the tube are twice as near 
to the dry surface of the tube as the gas 
particles in the center of the 4-inch tube 
and, therefore, in the first tube the gas par- 
ticles in the center can come in contact 
with the surface about twice as easily as 
in the second tube. Similar reasoning 
will show the same advantage for small 
air passages against large ones in water- 
tube boilers. If the 2-inch tube is of the 
same length as the 4-inch one and the 
same weight of hot gas is passed through 
both, the 2-inch tube will actually absorb 
more heat than the 4-inch, although the 
latter has twice as much heating surface. 
This explains why boilers of locomotives 
are more efficient than multitubular boil- 
ers used for stationary purposes. 

In the locomotive boiler in the attempt 
to get larger amounts of heating surface, 
the tubes ordinarily used are much smal- 
ler (about 2 inches) than in stationary 
multitubular boilers. Within certain lim- 
its a 2-inch tube 10 feet long will absorb 
about the same amount of heat as a 4-inch 
tube 20 feet long, although the latter has 
four times as much heating surface as the 
fofmer, provided the same weight of 
gases at the same’ temperature is put 
through both tubes. In fact, any tube 
whose ratio of diameter to length is 
(10 X 12) = 2, will absorb approximately 
the same amount of heat under the above 
conditions. By making this ratio larger 


more heat in percentage of the total heat 
available for absorption can be absorbed 
by the tubes. 

The quantity of heat imparted to a tube 
depends upon the number of contacts the 
particles of gas make with the dry sur- 
face of the tube. 





In a small tube the particles of gas 
being closer to the surface make contact 
with it quicker and, therefore, the same 
number of contacts is made in a shorter 
length of the tube than would be the case 
in a tube of a larger diameter. Giving 
this law a full consideration, if all other 
factors were known, a boiler designer can 
design a boiler for any true boiler effici- 
ency. It is not so much the amount of 
heating surface which determines the 
efficiency of a boiler, but the arrangement 
of it. 

This law has been derived by Prof. 
John Perry, of England, from purely 
theoretical considerations and has been 
found to be very nearly true by laboratory 
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experiments made by the United States 
Geological Survey. 


Rate oF HEAT TRAVEL 


It will be asked, can the heating plate 
of a boiler transfer any quantity of heat? 
The answer is, that it can transfer sev- 


eral times more heat than it does at 
present, especially in stationary-boiler 
practice. This answer, however, provides 


that the scale and soot not unrea- 
sonably thick. The heat conductivity of 
iron at 400 degrees Fahrenheit given in 
the Smithsonian physical tables is about 
0.0005.' This means that if the two sur- 
faces of a steel plate 1 inch thick are kept 
at a .temperature difference of 1 degree 
Fahrenheit, every square inch of the plate 
will transmit 0.0005 B.t.u. per second; if 
the temperature difference is 10 degrees 
eFahrenheit, 0.005 B.t.u. will be trans- 
mitted, or if the thickness of the plate is 
0.1 inch, the temperature difference of the 
surfaces being to degrees Fahrenheit, 0.05 


are 
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B.t.u. are transmitted for every square 
inch per second. 

The walls of the tubes of water-tube 
boilers are about 0.1 inch thick; the tubes 
of a locomotive are probably thinner, 
Let us figure what the temperature diffcr- 
ence of the two surfaces of a tube o.1 
inch thick is at various rates of making 
steam. At the rate of 10 square feet of 
heating plate per boiler horsepower the 





heat transmitted per square inch per 
hour is, 
345X965 _ 
10 X 144. > 231 B.t.u., 
or 
23:4 
GSxa 0.0064 B.t.u. per second. 


To transmit this quantity of heat re- 
quires a temperature difference between 
the two surfaces of 


0.0064 


= £.9 dere Fahrenheit. 
0.005 . oP 


If only 1 square foot is taken to do the 
same work, the temperature difference 
would be 13 degrees Fahrenheit; if the 
same amount of work is required from 
0.1 square foot, the temperature differ- 
ence would be 130 degrees Fahrenheit. 

These figures show that the resistance 
of the metal to heat transfer is very 
small, and that there is something else 
which is to be blamed for the low rate 
of steam production in steam boilers. 
Undoubtedly the soot and scale coatings 
are to be blamed for part of the resist- 
ance. However, even if the temperature 
drop through the soot and scale is as- 
sumed to be Io times as much as the tem- 
perature drop through the metal alone, it 
will be found that the combined tempera- 
ture drop through the soot, metal and 
scale is only a small fraction of the total 
drop between the moving gases and the 
water in the boiler. Thus, referring to 
Fig. 1, the lower portion shows the tem- 
perature drop or gradient through a por- 
tion of a heating plate and the coating. 
It is shown that the drop through the soot 
and scale is 10 times that through the 
metal.* 

For the normal rate of making steam 
the temperature drop through the metal 
is 1.3 degrees Fahrenheit, and through the 
soot and scale 13 degrees, making the 
total drop 14.3 degrees. Now, as heat is 
transmitted through the plate only by 
conduction and as the conditions and the 
conduction of the plate and coating gener- 
ally cannot be changed, the temperature 
drop through the plate must be increased 
if more heat is to be transmitted through 
the plate. Thus if the rate of making 
steam is to be twice the normal, the tem- 
perature drop must be increased from 
14.3 to 28.6 degrees Fahrenheit, or if the 
rate is to be 10 times the normal the tem- 
perature drop would have to be 143 de- 
grees Fahrenheit, and so on. It is ap- 





*The authors have assumed ‘10 times” 
simply as a matter of convenience. 
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parent that even at 10 times the normal 
rate of making steam the temperature 
drop through the plate and its coatings is 
perhaps about one-tenth of the total tem- 
perature difference between the boiler 
water and the gases. 

In well-operated boiler furnaces the 
temperatures are 2500 degrees Fahrenheit, 
or higher; if the boiler works under a 
pressure of 150 pounds, the boiler-water 
temperature is about 365 degrees Fahren- 
heit. Assuming that the gases leave the 
heating plates of the boiler at 600 degrees 
Fahrenheit, the total temperature drop 
between the boiler water and the gases is 
at the furnace end of boiler, 


2500 — 365 = 2135; 
and at the uptake end of boiler, 
600 — 365 = 235; 


the approximate average is 1180 degrees 
Fahrenheit. If the boiler generates steam 
at a rate averaging one boiler horsepower 
per square foot of heating plate, which is 
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plate, and directly as the density of the 
gas. It has also been pointed out that 
when the temperature rises the density of 
the gas drops; that increasing the tem- 
perature beyond certain limits does not 
help much the rate of heat impartation; 
besides high furnace temperature is de- 
structive to the materials used in furnace 
construction. It is the utilization of the 
velocity factor which offers a possibility 
of increasing both the efficiency and capa- 
city of a boiler. 


IMPROVING ECONOMY 


As previously stated, the economy can 
be improved by making the gas passages 
smaller as compared to the length, that is, 
arranging the heating plates in such a 
way that the distance of the gas particles 
to the dry surface is the shortest possible. 
In ‘some cases this arrangement is not 
practicable on account of difficulty in con- 
struction; water-tube as well as fire-tube 
boilers already installed cannot have the 
gas passages changed according to this 












































Heating Plates 
in Multiple. 


FIG. 3. 


10 times the normal rate, then the aver- 
age temperature drop through the plate is 
approximately 143 degrees Fahrenheit, 
leaving an average of temperature drop 
between the gases and the dry surface of 
the heating plate of 


1180 — 143 = 1037. 


Although these figures are only roughly 
approximate, they serve to illustrate that 
the slow rate of heat travel is not through 
the heating plate itself, but rather from 
the hot gases to the dry surface of the 
heating plate. 


TEMPERATURE VS. VELOCITY OF GASES 


The logical conclusion, then, is that the 
plate will take care of all the heat that 
reaches its dry surface, and this is where 
a knowledge of Perry’s law of heat im- 
partation will be of service. It has been 
pointed out that according to this law 
the heat imparted to a unit of dry sur- 
face of heating plate varies directly as 
the difference between the hot gas and 
the dry surface, approximately directly as 
the velocity of gases flowing over the 
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SERIES AND MULTIPLE ARRANGEMENT OF HEATING PLATES 


suggestion. Such boilers can be improved 
by making the gas passages longer, that is, 
the portions of the heating surface are put 
in “series” with each other with reference 
to the gas flow instead of in “multiple.” 
This method is illustrated in Fig. 3. 

This last method of improving water- 
tube boilers already installed is success- 
fully used by W. L. Abbott and A. 
Bement, of the Chicago Commonwealth 
Edison Company. A few years ago they 
rebaffled some of the Heine boilers at the 
Harrison street plant in such a way that 
the gases pass through the tubes three 
times instead of once, as they do in boil- 
ers with the usual standard baffling. 
Later, by the insertion of only one baffle, 
they made the gases flow twice through 
the tube chamber; with almost the same 
total draft they have obtained about the 
same capacity and from 6 to 15 per cent. 
higher efficiency.* 


*For more detailed description of their 
work see United States Geological Survey's 
bulletin on “Heat Transmission in Steam 
soilers.” See also paper by present authors 
on “The Nature of True Boiler Efficiency,” 
Journal, Western Society of Engineers, Vol. 
XIT, page 685, 
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INCREASING CAPACITY 


The capacity of any boiler can be in- 
creased by forcing through the boiler lar- 
ger weights of gases. If the weight of 
gases passed through the boiler per sec- 
ond is doubled, the velocity of the gas is 
doubled, with the result that the quantity 
of heat absorbed by the boiler per sec- 
ond is nearly doubled. It has been 
already mentioned that this method of 
increasing the capacity is used’in locomo 
tive and marine practice. In stationary 
boiler practice a good example can be 
quoted in the work of H. G. Stott and 
W. S. Finley, Jr., of the Interborough 
Rapid Transit Company, New York 
City. They have added a stoker under 
the rear end of each of several Babcock 
& Wilcox boilers. This addition enabled 
them to burn nearly twice as much coal, 
resulting in twice the weight of gases of 
combustion being put through the boiler 
at nearly twice the velocity, and making 
the boiler absorb nearly twice as much 
heat as with a single stoker.** 

It is true that when boilers are forced 
to make two or three times the usual 
amount of steam, the over-all efficiency 
drops somewhat. . By using the methods 
for increasing the efficiency in connec- 
tion with those for increasing the capacity, 
the latter could be increased without de- 
creasing the efficiency, or even higher 
efficiency could be obtained. 

Generally, when in locomotive or 
marine boilers the capacity is doubled or 
tripled, the over-all efficiency of the whole 
steam-generating apparatus drops several 
per cent., and it is said that the “boiler” 
is less efficient at higher rating. But 
when close examination is made of such 
results, it is found that at least two-thirds 
of the drop is due to incomplete combus- 
tion or other causes of low furnace effici- 
ency. The true boiler efficiency, the true 
measure of the boiler’s ability to absorb 
heat, changes but little. Fig. 2 shows re 
sults of 20 tests made by the United 
States Geological Survey on a torpedo- 
boat boiler. The true boiler efficiency is 
figured from the temperature drop of the 
gases while passing through the boiler. 
The method of computation was made as 
shown by the ratio: 


Furnace temperature 


Flue gas temperature 


Furnace temperature — Steam temperature 


The furnace temperature was taken with 
a Wanner optical pyrometer which was 
calibrated before each test. The flue-gas 
temperature was taken with a _ thermo 
couple.t The curves show that the capa 


**For a more complete description of this 
work see United States Geological Survey's 
bulletin on “Heat Transmission in Steam 
Boilers.”” See also paper by W. 8S. Finley, Jr., 
read before the American Institute of Elec- 
trical Engineers, December 13, 1907. 


+For a complete description of the tests 
see United States Geological Survey's bulletin, 
“Comparative Tests of Briquetted and Run 
of-Mine Coal on a United States Navy Tor- 
pedo Boat in a Normand Water-tube Boiler,” 
by the present authors. 
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city increases nearly directly with the rate 
of combustion; and that while the over- 
all efficiency drops 15 per cent., the true 
boiler efficiency drops only about 4 per 
cent. The true-boiler-efficiency curve in- 
dicates that the boiler keeps absorbing 
heat as fast as it is supplied. This fact 
agrees with the statement made _previ- 
ously that the faster the gases pass over 
the heating surface the faster the latter 
absorbs the heat. 

In Fig. 2 the rectangles represent tests 
made on large square briquets, the solid 
circles represent tests made on small 
round briquets and the white circles 
represent tests made on run-of-mine coal. 





New York's Fiet Codie Engine 


By Tuomas WILSON 


One of the old vertical walking-beam 
type of engines made by Corliss & Night- 
ingale in 1851 was the first Corliss en- 
gine to be installed in New York City. 
This engine is still in service and after 
its 58 years of almost continuous opera- 
tion is practically as good as ever, and 
the probability is that it will be main- 
tained in service for many years to come. 
The old engine, which bore the name 
“Enterprise,” exhibited at the 
World’s Fair held in the Crystal Palace 
in New York in 1853, and was used to 
turn the shafting supplying power to 
other exhibits. The engine cylinder has 
a diameter of 20 inches and a stroke of 
5 feet, standing 6 feet above the floor, 
and outside of the lagging has a cross- 
section 2 feet 1 inch by 3 feet. The top 
of the beam is approximately 15 feet 
above the floor, and from the center of 
the piston-rod pin to the center of the 
crank-arm pin measures roughly 14 feet. 
The crankshaft is 91% inches in diameter, 
the crankpin 334 inches and the flywheel 
with a 2-foot diameter of 
i8 feet. 

In Fig. 2 


was 


space has a 
it will be noted that the gov- 
ernor is hung from a bracket bolted to the 
frame of the engine, and from its lower 
end operates a bell crank, which in turn 
controls the movement of the steam 
valves. The dashpot for one of the 
valves is suspended from the cylinder, 
and the other rests on the floor. The 
valve gear itself is of the old familiar 
type used on early Corliss engines. It 
will be more apparent in Fig. 1 that the 
governor is driven by belt from the main 
shaft, with a gear connection interposed 
at the cylinder end. The beam is partially 
shown in Fig. 3, it being impossible to 
obtain good photographs of the engine in 
its present location on account of the 
limited space and the loft running im- 
mediately below the beam. The journal 
or pin projecting from the beam at the 
left in the photograph, was originally in- 
tended for connection to the air pump, 
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but the condenser was never used with 
the engine. 

In 1856 the engine was bought by Hall, 
Cornell & Co., afterward known as Hall, 
3radley & Co., manufacturers of paints. 
It was used to supply power to their 
factory, and also some power to manu- 
facturers in the immediate vicinity. Some 
time in the sixties G. F. Hall was engaged 
as chief engincer and remained a nusn- 


FIG. I. 


ber of years with the firm until they 
moved to Brooklyn, their change of loca- 
tion being due to widening Elm street, 
now known as Lafayette. The additional 
width of the street cut off a portion of 
the engine room and made it necessary to 
seek other quarters. The engine was then 
sold to the chief engineer, G. F. Hall, 
who moved it to a basement in the im- 
mediate vicinity and continued to manu- 
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facture power for sale, only ona more ex- 
tensive scale. The manufacturers in the 
entire block on both sides of the street 
were supplied from the one engine by 
means of long lines of shafting. The 
hardest work required of the old-timer 
was the rolling of lead block into thin 
lead sheets. This duty taxed it to the 
utmost and had to be performed at noon 
hours and after 5:30 when the other 


¢ 


A 





THE “ENTERPRISE” AS SHE APPEARS AFTER 58 YEARS OF SERVICE 


power was off. The engine continued in 
this service until 1897, and during all this 
time the only repair of any note re- 
quired was a new cylinder, the original 
cylinder having 
beam, which had 
lowed to fall on it. 

At the latter date the engine was sold 
by G. E. Hall, son and successor to G. 
F. Hall, to Wilson & Roake, of New York 


been smashed by the 


accidentally been al- 
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City, who had it in their possession for 

few months. During this interval it 
was Offered to the Stevens Institute and 
also to Cornell University as a relic of the 
early days of the steam engine, but as 
neither institution had space to store it, 
the engine was eventually sold in October 
of the year noted to the Raymond Rub- 
ber Company, of Titusville, N. J. This 


FIG, 2. VALVE GEAR AND GOVERNOR 








FIG, 3. THE BEAM 
firm is a manufacturer of rubber goods 
from reclaimed rubber, and the engine is 
required to do the heavy work of the 
mill on 120 pounds steam pressure and at 
35 revolutions per minute. It has been 
run almost continuously since its purchase, 
and frequently 22 hours a day. Neverthe- 
less, it has given first-class satisfaction. 
In 1905 the anchor bolts holding the 
main bearing to its foundation gave a 
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good deal of trouble, and it was decided 
to put in new pillow blocks and an en- 
tirely new and heavier bearing of the same 
design. In the following year a new pis- 
ton rod and cylinder head were required, 
as the former broke, due to imperfect 
alinement, and smashed the top of the cyl- 
inder to some extent. These are the sum 
total of the repairs made in 58 years. The 
engine now appears to be in good condi- 
tion, and the present owner, who perhaps 
may be a little optimistic on the subject, 
claims that the “Enterprise” 
20 or 30 years more. 

There are no data on the steam consump- 
tion of the engine, but a test performed 
by J. E. Holmes, director of machinery 
at the Crystal Palace, immediately after 
the fair may be of interest, although it 
is not nearly so elaborate as the tests of 
present-day practice. It appears that 
tests were conducted on December 17, 
1853, on three engines, all of which were 
belted to the shafting and used for general 
power purposes in the Palace. The first 
was the engine under description, which 
was rated at 60 horsepower undef a steam 
pressure of 70 pounds gage; the second 


is good for 








FRICTION AND REGULATION TEST. 


Time. Steam Pressure. R.P.M. 
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was a double horizontal engine, 15x32 
inches, with the two cranks set at right 
angles to each other and working a 
single-belt flywheel. This engine was 
rated at 60 horsepower under 60 pounds 
and built by the 
Lawrence Machine Shop under the agency 
of Gordon McKay. The third was a 
horizontal engine, 13x30 inches, known as 
the “Southern Belle,” and was designed 
and constructed by J. S. Winter of the 
Winter Iron Works, Montgomery, Ala. 
The tests were conducted to show the reg- 
ulation and friction of the engines, but 
the data relating to the “Enterprise” will 
be given only. 

At 7 o'clock of the day of test the en- 
gine was started under load, with a pres- 
sure of 42 pounds gage; the number of 
revolutions made per minute were 37. 
At 7:20 six pumps were unshipped from 
the Corliss-engine shafting without mak- 
ing any sensible increase in its speed. One 
minute afterward the pumps were coupled 
again to the shafting, and with a pres- 
sure of only 27 pounds gage the speed of 
the engine was not retarded more than 
one-quarter of a revolution. At 8 o’clock 
the running machinery was detached, and 


steam ‘pressure was 
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with a steam pressure of 7 pounds gage 
the engine turned the long line of shaft- 
ing, belts, loose pulleys, etc., 14 revolutions 
per minute. 
revolutions 
steam 


At 8:35 the engine made 7 
per minute under 3% pound 
pressure, and four minutes later 
stopped. The complete data of the test of 
the “Enterprise” are given in the accom- 
panying table, from which it will be noted 
that the friction of the engine and shafting 
apparently had but little effect, and the 
regulation under the existing conditions 
Was exceptionally good. 





Government Publications Relating 
to Water Power Development 


By 8. H. 


CLINGERMAN 


The extent to which publications by the 
Government assist in the preliminary in- 
vestigations for the development of a 
water power is hardly anticipated by any- 
one about to enter this field for the first 
time. In many good general 
idea of the amount of power available can 
be secured from Government publications. 

From the “List of 


cases, a 


Publications of the 
United States Geological Survey Relating 
to Water Resources” 
ous water-supply 


can be selected vari- 
papers which may have 
upon the stream under 
These papers are available 


a direct bearing 
consideration. 
through application to the director of the 
United States Geological Survey. If the 
free supply has been exhausted, they can 
usually be nominal 
the superintendent of documents, 
Government printing office, Washington, 
DD. (. The giving the stream 
measurements for each year are of par- 


secured at a price 


from 
papers 


ticular importance since these records fre- 
quently cover long periods of time. 

The stream are 
observed either from a timber gage ex- 
tending into the water at the lowest stage 
or a chain suspended from a fixed support 
on a bridge and lowered until it touches 
the surface of the water. That part of 
the chain extending above the point of 
support is measured by 
horizontally on a 


relative stages of a 


laying it 
fixed scale. 


out 
The chain 
is of known length and will reach from 
the point of support to a point in the 
stream below the low-water level. 
hights determined by a chain are sub- 
ject to a slight error in a high wind or a 
stream having a high velocity. At times 
of different river stages, the flow of the 
stream is determined by a current meter 
and from these data the discharge curve 
for the stream is determined. Reference 
to the curve or its equivalent in the form 
of a table will the flow of the 
stream for any gage hight and these gage 
readings are usually reported daily. 
Such data furnish the basis for tables 
showing the maximum, minimum and 
average flow of a stream in cubic feet 


Gage 


disclose 
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per second for each month, the rate of 
flow per square mile of the drainage area 
and the runoff in inches. There are vari- 
ous ways for arriving at the amount of 
power available from these figures. In a 
report of the Government engineers on 
“The Relation of the Southern Appa- 
lachian Mountains to the Development of 
Watcr Power,” it is stated that it pays to 
develop water power up to the minimum 
during the four high months of the year. 
Another rough approximation in use is 
to take the average monthly minimum for 
an average year. In the New England 
States, it is said, the rule is to take the 
minimum for the third driest month start- 
ing with the driest month for an average 
year. 

The flow of streams as determined from 
these publications on “stream measure- 
ments,” is subject to inaccuracies due to 
error in the gage reading and incorrect 
data for the discharge tables owing to a 
possible variation in the contour of the 
river bed at the point of measurement 
after the rate of flow has been determined. 
The results, however, are valuable for 
preliminary investigations. 

In cases where such data are not avail- 
able a general idea of the real condi- 
tions of flow can be arrived at by a 
careful study of the relation of rainfall 
to runoff. The section director of the 
United States weather bureau can supply 
statistics on the rainfall in the drainage 
area of the stream to be investigated 
which, together with the ratio of runoff 
to rainfall as determined for streams sub- 
ject to similar climatic and topographic 
conditions, will give the average rate of 
flow for the year. The minimum and 
niaximum, similarly, can be estimated. 

Each section of the weather bureau 
publishes an annual climatological report 
giving the precipitation per month for 
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the year at various stations and its de- 
parture from the normal as deduced from 
records covering a considerable length of 
time. By plotting in the form of a curve 
the normal precipitation, the average time 
and duration of dry and flood periods 
are evident. 

In some the Government has 
made surveys of rivers and these show 
the amount of fall available. The contour 
of the watershed is shown on topographic 


cases 


maps for certain sections of the country. 
The United States Geological Survey has 
been engaged since its organization in 
making a topographic map of the United 
States and the parts covered from time 
to time are noted on index maps. The 
topographic maps or “Atlas Sheets” are 
of uniform size and drawn on a scale 
of one or two miles per inch. The con- 
tour intervals may be as low as five 
feet. 

The amount of information secured by 
the Government and available to the 
public should be sufficient to define to a 
limited extent the possibilities of a pro- 
posed hydroelectric development. 





Boiler Explosion at Copperhill, 
Tennessee 


By Georce L. Fates 


The right-hand drum of one of the four 
National water-tube boilers at the plant 
of the Tennessee Copper Company ex- 
ploded on the morning of June 1, at 
12:50 o'clock, causing a property damage 
of some $5000, but there were no personal 
injuries. The boiler on which the drum 
exploded was insured with the Maryland 
Casualty Company, of Baltimore, which 
allowed a pressure of 175 pounds per 














VIEWS OF DAMAGE DONE BY 


BOILER EXPLOSION 
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inch. The boilers are about ten 
years old, and have seen constant service 
alf that time, but are in excellent condi- 


square 


tion, being clean and free from scale, 
although the tubes are getting thin. Each 


boiler has two drums 36 inches in diam- 
eter by 17 feet long and 120 four-inch 
tubes; the headers are of the box type 
holding six tubes each. 

As shown in Fig. 1 the rupture occurred 
in the solid sheet along side of the longi- 
tudinal seam of the middie course on the 
right-hand drum of No. 2 boiler. An 
examination of the rupture immediately 
after the explosion disclosed the fact that 
the sheet had been developing a crack for 
some time, as the metal part way through 
the sheet was old and rusty, and the re- 
mainder clean fracture; the 
crack in places extended nearly through 
the sheet, and other places had from % to 
\% inch of good metal. The only part ot 
the sheet that appears to have been sound 
clear through is the part showed in Fig. 
3, at the hight-hand corner. The crack 
was a little under the overlapping part 
of the seam, and it would have been al- 
most impossible to detect it by 
ternal or external inspecetion. 

The drums were constructed of 34-inch 
steel plate, with 7-inch rivets 15/16 inch 
when driven, pitched 234 inches on the 
longitudinal seam and 2 inches on the 
girth seam. The rivets in the longitudinal 
seam not disturbed at all, being 
tight, and the seam in good condition; the 
rivets in the girth seams were sheared off, 
as shown in Fig. 1, in some places, and 
the sheet gave way in others. 


showed a 


in- 


were 


The ex- 
plosion carried away all the wooden part 
of the boiler-room roof and blew all the 
windows, sashes and all, out of the building. 
Practically all the piping over the National 
boilers was blown off, flanges and valves 
breaking off and letting the pipe free. 


No 
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FIG. 302. LARGE 
personal injuries resulted, as the firemen 
and other employees happened to be at the 
other end of the boiler room near the 
Aultman & Taylor boilers, which were 
also in service when the explosion oc- 
curred. 

As soon as possible after the explosion 
the boilers which were not damaged were 
cut apart from the damaged section and 
put on what good steam lines were left. 
The plant was in normal operation again 
two hours from, the time the explosion 
occurred, and measures were taken to 
continue its operation by repairing such 
damage as was immediately necessary. 

Fig. 1 shows the exploded drum and 
sheet; Fig. 2 the damage above the boil- 
ers to the piping and roof, etc.; Fig. 3 
shows a closer view of the ruptured sheet, 
also the piece of sheet at the right hand 
that had good metal all the way through 
it; Figs. 4 and 5 show views taken from 
above the roof looking the 
boilers and piping from two different di- 
rections; Fig. 6 is a view taken from in 
front of the boilers looking up, but does 
not show much of the damage owing to the 
light streaming through the roof. 

At the time of the explosion the boil- 
ers were carrying steam of 160 pounds gage, 
and had 1% gages of water in them. The 
boilers are inspected internally by the 
Maryland Casualty Company’s inspectors 
every six months. The accident illustrates 


down on 


once more that the lap-riveted seam is 
dangerous, and emphasizes the fact that 
the butt-strap seam is none too good for 
joints of this character. 





Catechism of Electricity 


1071. Illustrate and describe a large- 
size direct-current generator built for di- 
rect connection with the prime mover. 

Fig. 302 shows a generator of this kind 
built to give 600 kilowatts at 250 volts 
when run at a speed of 80 revolutions per 
minute. 


The magnet frame a is of cast 
iron and is split horizontally, the two 
halves being alined by dowel pins and 


held together by bolts c, ¢, etc. The lower 
half of the field-magnet frame is 
vided with feet drilled to 
the holding-down bolts and 
with leveling screws for adjusting 
the position of the magnet frame. The 
poles are of steel, cast welded into the 
frame. Each pole is fitted with a cast- 
iron removable shoe s, which distributes 
the magnetic flux over the armature sur- 
face and serves also to retain the magnet 
coils in position. The air gap or clearance 
between the armature and pole faces is 
relatively large to reduce the bad ef- 
fects resulting from a_ slight displace- 
ment of the armature from its true center. 


pro- 
receive 


provided | 


DIRECT-CONNECTED GENERATOR BUILT BY THE CROCKER-WHEELER COMPANY 


The machine is compound-wound and 
the magnet coils are separated from each 
other and the frame by spacers n, to pro- 
vide free circulation 
around the 


of air between and 
The are 
wound of copper strip, connections be- 


coils. series coils 
tween them being made by interleaving 
the multiple strips. 

The arms d, attached to the hub k, sup- 
port the toothed laminations of steel which 
form the armature 
ventilating 
flanges. 
of flat 
and 


core, and there are 
the and end 
The armature conductors consist 
copper ribbon, heavily insulated 
retained 
The 


mounted on an 


ducts .in core 


in the slots by means of 
wedges. commutator spider h is 
the arma- 
ture spider and is therefore independent 
of the shaft 1. 


r permits 


extension of 


A sectional clamping ring 
few bars of the 
commutator without disturbing the others. 

The cast-iron rocker 7 is rigidly sup- 
ported at m, 
and 


removing a 


m, from the magnet frame 
tangential and hand 
wheel w for shifting simultaneously the 
position of all Each set of 
brushholders is supported on a bracket o 
clamped to the rocker ring, and insulated 
from it. All the positive brush holders 
are connected to a copper bus-ring uw, 
mounted on one side of the rocker ring, 
and all holders are 
similarly connected to a similar ring v 
on the other side of the rocker ring. 


has a screw 


brushes. 


the negative brush 
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The Absorption Refrigerating Machine 


The Different Parts and Their Functions Explained in a Simple 
Manner, with Practical Advice as to Its Care and Operation 





ae 


The absorption refrigerating machine is 
thought by many to be complicated and, 
therefore, it does not get the credit its 
merits deserve. When run by steam from 
the boiler it is simply a condenser, the 
heat being taken up by the machine and 
the resulting condensation going back into 
the boiler at the temperature it leaves the 
machine; while with the compression ma- 
chine there is the of the exhaust 
steam, as with any engine. 

About ten years ago a hotel proprietor 
wanted to put in a refrigeration plant and 


loss 


W. 


=. . = 


machine builders they told him the same 
story the engineer did, and but one of 
them would consider the proposition, and 
then only on-condition that the purchaser 
should be responsible for any failure. 
The machine built and worked all 
right, at atmospheric pressure, on the ex- 
haust, and since then many machines have 
been built along that line. 

The action of the absorption machine is 
that of a double cycle (and more) and is 
apt to make a novice, or even a man 
skilled on a compression machine, nervous. 


was 


A N E 


quires a pressure of from 1200 to 1500 
pounds, at which pressure, and cooled, 
it becomes a liquid. When expanded to 
200 pounds it again becomes a gas and the 
heat expended in changing it from a liquid 
to a gas will change anything near it to a 
very low temperature. 

Carbonic acid is odorless and is used in 
many places where odors are objectiona- 
ble, as on shipboard. The objection to it 
is the exceeding high pressure necessary 
to liquefy it. It being odorless and no 
test being able to detect leaks, it is neces- 
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the writer introduced him to a refriger- 
ating engineer. The hotel man had high- 
speed engines and lots of exhaust steam, 
but no excess boiler power nor room for 
more, and he wanted to do his refrigera- 
tion with exhaust steam. The engineer 
explained the relations of the tempera- 
tures to each other and showed by figures 
that it would never be possible to do the 
work with less than 65 pounds steam pres- 
sure. On our way home the hotel man 
said: 

“T believe I can do 
steam.” 


Taking the proposition to absorption- 


it with exhaust 
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FIG, I, LAYOUT OF ABSORPTION SYSTEM 
How It Is Done sary to perfume it when looking for- 
Refrigeration is caused by the heat ab- leaks. Wintergreen is one odor used 


sorbed by expansion. If air is compressed 
it is heated. Cooling it under pressure 
and then expanding, or relieving the pres- 
sure, the air will absorb, or take up heat, 
either from surrounding objects or itself, 
and thus grow intensely cold, as can be 
seen in winter when using compressed air 
in drills, ete. the moisture in the air 
freezing. It is not of sufficient density to 
take up enough heat to be commercially 
useful and recourse is had to elements 
that liquefy under pressure. 

Carbonic acid is one of these, but it re- 


‘ 


and camphor is another. To use camphor, 
dilute it with alcohol, put it into the sys- 
tem and the odor will be detected readily, 
and at the leak there will appear a whitish 
substance. 

Ammenia is the most-used medium in 
refrigerating systems. It will liquefy at 
7¢ pounds, and at atmospheric pressure 
will boil at 29 degrees below zero. In a 
refrigerating system the ammonia under 
pressure is conveyed through the con- 
denser, in which it comes in contact with 
coils of running water, is cooled and be- 
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comes liquid and then passes to the cooler 
which contains the brine. coils. It here 
passes through an expansion valve. This 
is a needle valve capable of very fine ad- 
justment. 

This valve being opened slightly, a fine 
stream cof the liquid ammonia is injected 
into the cooler and, being at such pres- 
sure that it boils, it is soon turned into 
gas. This requires heat, and the chang- 
ing to the gaseous. state means that it 
becomes a valuable refrigerant. 

In the compression machine the gas 
from the cooler must be kept at a sufficient 
pressure to cause it to fill the compression 
cylinder quickly, and it does not liquefy as 
quickly asinthe absorption machine, where 
the cooler can be kept at atmospheric pres- 
sure and lower temperatures are obtained. 
For very low temperatures the absorp- 
tion machine is the better. 


Tue Macuine ITSELF 
compression machine only 
or pure, ammonia is used. 
In the absorption machine aqua ammonia 
is used and the anhydrous ammonia is 
distilled in a generator, a vessel contain- 
ing steam coils. 

Let us call the anhydrous ammonia 
“gas,” and the aqua ammonia “liquor ;” 
there being rich liquor and poor liquor. 
The gas, as it is distilled, goes up through 
the analyzer, a vessel filled with pans, 
through the pipe A, Fig. 1, to the recti 
fier. This is a vessel similar to a sepa 
rator in a steam line; it dries out the 
moisture, or separates it, so that the gas 
goes to the condenser in a dry state, the 
moisture returning to the generator 
through the pipe N. (The water pipes 
and connections are not shown, in order 
to render the ammonia pipes clearer.) 

For cooling, the water goes through the 
condenser, then the and, last, 
the rectifier. From the rectifier the gas 


In the 
anhydrous, 


absorber 


goes to the condenser, having been parti- 


ally cooled in the rectifier. Here it is 
liquefied and passes through the small 
pipe B to the cooler, where it is changed 
back into gas. 

Water has a great affinity for ammonia, 
and the colder it is the greater its attrac- 
tion: cold water cannot be used, however, 
but a poor liquor will still have attraction 
for more ammonia if it is cool. 

When the gas in the generator has been 
distilled it leaves the aqua weak, especi- 
ally at the bottom, and this weak liquor 
is forced up through the pipe E, through 
the exchanger and through the pipe E£’ 
to the top of the absorber, where it is 
thrown over the incoming gas and the 
water coils in a spray, by means of a 
valve for that purpose at the top. 

The gas in the passing, up 
through the brine coils, is drawn into the 
absorber through the pipe J. This pipe 
should reach the center of the absorber 
and turn down, as if zero brine is car- 
ried the gas will be considerably below 
zero, and should it strike forcibly against 


cooler, 
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the water coils, it might freeze them. 

In the absorber the weak liquor absorbs 
the gas and it then becomes rich liquor 
and passes out at the bottom through the 
pipe D’ to the ammonia pump, and from 
there to the exchanger through pipe D, 
whence it goes to the analyzer on its way 
to the generator. 

The exchanger is the same as a heater 
for a boiler. The cold, rich liquor going 
to the generator meets the hot, poor liquor 
coming from it on its way to the absorber 
and they exchange heat, one being in the 
shell and the other in a coil. The hot, 
rich liquor, in passing over the pans in 
the analyzer, gives up any gas that may 
be found and this passes out through the 
gas pipe 4. 

On the generator, condenser, absorber 
and cooler are glass gages. It is a good 
idea to keep that on the generator closed 
except when the level of the ammonia is 
to be read. The gage on the cooler has 
to be kept closed, or it would become 
covered with frost; when used, the valves 
have to be opened very slightly and even 
then not much can be told, as the ammonia 
in the cooler is pretty lively stuff. The 
gages on the condenser and absorber may 
be left open. 

On top of the condenser and absorber 
The valve G is 
closed and the valve H The 


is a crossover pipe F. 


left 


open. 








Power, N.Y. 


FIG, 2 


pressure gage from the absorber is taken 
from this pipe. The vertical pipe L is for 
purging. 

The important features of the absorp- 
tion machine are the expansion valve, the 
absorber and the strength of the liquor. 
The expansion valve should be handled 
very carefully, as it is delicate and will 
not bear rough usage. A monkey wrench 
should never be put on it. For small 
ammonia valves a wrench like that shown 
in Fig. 2 may be used, judiciously, the 
handles to be not more than 3 inches long. 

The expansion valve may be likened to 
a throttle valve on a full-stroke engine. 
If opened wide or more than is necessary 
to operate the machine a little above its 
capacity, it will draw on the generator as 
a wide-open pipe will draw on a boiler 
and it will take from the generator more 
liquor than can be separated in the recti- 
fier; and when it passes the rectifier it 
must go through into the cooler. As this 
liquor cannot evaporate at that tempera- 
ture, it will plug up the cooler. 
termed a “boil-over.” 

To get rid of this liquor, in the machine 
shown, it will be necessary to take it out 
from the bottom of the cooler through the 
purge pipe J. 

The usual practice is to shut the gas 
valve X at the top of the 


This is 


cooler and, 
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there being slightly more pressure in the 
cooler than in the absorber, the liquor will 
be forced over and can then be pumped 
back into the generator, afterward using 
greater care. With good care, even, dead 
liquor will collect in the bottom of the 
cooler after a time and must be taken out 
in the same way. 

Now, shutting off the gas valve also 
shutting off the 
and the machine stops 


necessitates 
valve 


expansion 
working, 
with the consequent raising of tempera- 
tures. Also, when the machine is purged 
and the and 
opened, 10 or 12 


gas expansion valves are 
degrees in temperature 
will be lost, as it will be an hour or more 
before the machine to work reduc- 
ing temperatures again, and if there is 


still bad liquor in the condenser, to come 


gets 


over, the machine will want purging again 
soon, with another rise in temperature. 

Should the cooler need purging, leave 
the gas valve X open, and in some cases 
the expansion valve, and open the purge 
valve. Usually purging will start right 
away but, after a time, stop. Should this 
happen, close the purge valve for a few 
minutes and then open it. 

It will take longer to purge by this 
method, but the machine will not lose the 
temperature and after part of the cleaning 
is done the temperature will go down, and 
sometimes I or 2 degrees is gained dur- 
ing the purging. Refrigerating men will 
tell you not to do purging this way, but 
the engineer is interested in keeping his 
temperature down. 

The condition of the frost on the purge 
pipe will indicate the stuff going over. If 
it is a sort of black frost and a wet finger 
does not freeze to the dead 
If the frost turns white and a wet 
finger freezes to the pipe, it is good liquid 
ammonia or gas and can be shut off. 

When the liquid ammonia flows through 
the expansion valve it does not all vapor- 
once, but falls to the 
of the cooler as a liquid and 
later. There should be an 
amount of this in the cooler all the time 
for the the amount 
being indicated by the frost on the glass 
gage fittings: work best 
with only the bottom fitting frosted and 
others require both top and bottom to be 
frosted. Some require the bottom frosted 
in winter and both in 


pipe, it is 
liquor. 


ize at 
bottom 


some of it 
evaporates 


cooler to work on, 


some coolers 


summer, Only a 
trial on the particular machine can de- 
termine this poirit. 

For purging, I have put in a pipe from 
the ell on the purge pipe J and connected 
it to the pipe D’ between the absorber an1 
the pump, and if there is a large amount 
of liquor in the cooler, I should open the 
valve in this pipe. It should be a globe 
valve so as to be readily regulated, and 
take the stuff direct to the pump. From 
one-quarter to one-half turn is sufficient, 
for if much ammonia goes through it will 
render the pump gas-bound and stop its 
pumping, as the ammonia pump will not 
work if the liquor gets too rich. 
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Instead of connecting the purge pipe J 
to the gas pipe J, as shown, and as is the 
custom, I should connect it as shown by 
the dotted line K, being careful to carry 
it inside and turn it downward in the cen- 
ter, as was done with the pipe J. Con- 
nected in this way the purging would be 
faster with the gas valve open. 

Should the ammonia pump stop work- 
ing from gas accumulation, place one man 
to watch the absorber pressure gage and 
slowly open the valve G at the top of the 
condenser until the pressure in the ab- 
sorber gets up to 50 or 60 pounds, where 
it should be held until the pump starts 
working. Before doing this it would be 


necessary to close the gas valve X, open- 


ing it again after the pump starts. The 
expansion valve should never be opened 
above one-quarter of a turn, and then only 
to put extra ammonia into the cooler. 
With low pressure it will usually run with 
a turn of the rim of from 14 to % inch; 
at high pressure it will frequently leak 
enough to keep the cooler all right when 
apparently closed tight. 

Never try to force an absorption ma- 
chine, as it only results in partial or 
severe “boil-overs” and other trouble. 
For a short time I had a man who claimed 
that a machine has to be forced to keep 
up its work, and he would run with the 
expansion valve open a half turn and for 
a short time run the temperature down to 
2 to 3 degrees per hour; then his cooler 
would be filled up and the shutdown for 
purging would follow, with the rise in 
temperature; and while he was supposed 
to keep the brine at zero, it would fluctu- 
ate from zero to 15 degrees above, he keep- 
ing at work all the time. 

One should not expect the temperature 
to go down more than ft to 2 degrees per 
hour. With the expansion valve opened 
just enough to maintain the temperature 
and the speed of the ammonia-pump set, 
the machine may not have to be touched 
for two or three days, and there is noth- 
ing to do but keep the log. 


THE ABSORBER 


The efficiency of the machine depends 
upon the condition of the absorber. If 
the absorber is cool and free from air or 
poor gas, the cooler will give off its gas 
with ease. As long as the water and ab- 
sorber are cool it is difficult to tell about 
the spray at the top. 

This spray device is simply a valve with 
three oblique holes. If one side of the 
absorber gets warmer than the other, turn 
the valve slightly down, say one-eighth of 
a turn, and by a little manipulation the all- 
over temperature of the absorberecan be 
maintained Sometimes  a_ little 
scale or dirt will get over a hole and close 
so much of the valve. 

This valve does not regulate the flow of 
the poor liquor, simply its distribution 
over the coils. The flow of the poor 
liquor is regulated by the valve near the 
exchanger, that at the generator being 


even. 
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used only to shut off the poor liquor 
altogether. There should be only enough 
poor liquor thrown over to absorb the gas. 
More than this puts an*extra load on the 
ammonia pump, exchanger and absorber. 
It is at this point that the expense of the 
absorption machine comes to be consid- 
ered, as regards water, and also the capa- 
city of the machine, all being limited by 
the amount of gas the absorber will take 
over from the cooler. 

There is a great deal said about the 
relative temperatures, due to that of the 
water, and the pressure that should be 
carried on the generator. These points 
should be known when laying out and 
building the machine and determining the 
size of the and generating 
coils; but when the engineer has a ma- 
chine on his hands he wants to know 
why. 

The practical point is just here: When 
the absorber is cold the poor liquor within 
it will have a large absorbing power and 
take gas from the cooler all right, even 
if it is gas of medium high percentage; 


condensing 
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degree temperature water the pressure in 
the generator. may be from 90 to 100 
pounds and at 75 degrees it will be neces- 
sary to carry it to 150 to 160 pounds. All 
these pressures are determined by the tem- 
perature of the absorber and whether coal 
or water costs the more. 

If water can be obtained from driven 
or bored wells, an absorption machine can 
be run the year through with exhaust 
steam, and it will not act as a brake on 
the engine. Where there, is lots of brine 
pumping by steam pumps it is possible to 
run a machine with the exhaust from the 
pumps. 

It can be noticed at any time whether 
the absorber is taking hold well by the 
frost on the gas pipe /. If the frost con- 
tinues white and keeps accumulating, the 
absorber is working uniformly; if the 
pipe begins to thaw, either the absorber 
has “let go,’ or the cooler has become 
foul. 

At the bottom of the absorber is a 
valve M. The pipe from this should have 
a swivel joint so it may be swung into 
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if it grows warmer, it will have less ab- 
sorbing power and do less work. 

If the temperature cannot be improved 
because of insufficient water or because 
of the high cost of the water, the liquor 
coming over must be made weaker, by 
turning more heat on the generator and 
distilling more of the gas over into the 
condenser, which -will carry a_ large 
amount in storage. It will also be found 
that the cooler will need a little more gas 
under this condition. This weakens the 
whole charge in the generator, requiring 
higher heat in the coils and a higher pres- 
sure to distill the necessary gas from the 
weakened charge, and this is the reason 
a higher pressure has to be carried with a 
warm absorber. 


With cooling water at or below 60 de- 


grees, a low-pressure machine will run at 
atmospheric pressure; with water at 70 
degrees, the steam pressure may have to 
be raised two or three pounds; and at 
75 degrees it may have to be raised to 10 
pounds. machines will require 
higher pressures, depending on the heat- 
ing surface in the generator. With 60- 
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or out of a bucket. If there is air in the 
system it will usually be found at the 
bottom of the absorber and is to be 
drawn out through this valve. The valve 
should be opened occasionally to test the 
system for air. A clean machine ought 
to run from one to two months without 
trouble of this kind. To test it, get a 
bucket of cold water, and set it under the 
outlet to the pipe and open the valve from 
one-eighth to one-fourth turn. If air is 
present, bubbles will rise to the top of the 
water, nearly noiselessly. Should there 
be few bubbles, accompanied by a crack- 
ling sound, like water being heated with 
steam, it indicates the presence of gas, 
showing that that part of the machine is 
all right. 

When air bubbles are rising, if a match 
is held over the pail and a pale yellow 
flame results, it shows that there is some 
foul gas mixed with the air. 

Half way up the absorber there is an- 
other purge pipe for drawing off foul gas. 
If this valve is slightly opened and the 
gas issuing therefrom is lighted and con- 
tinues to burn of itself, it shows foul gas 
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and the pipe should be turned into a pail 
of water until good gas comes, which can 
be told by the crackling sound. Do not 
make the mistake of holding a light under 
it only to light it. Ammonia gas will 
burn if a light is kept under it with a 
very similar flame. The pail of water tells 
the story. 

The pipe L on the crossover pipe F can 
also be tested: The absorber should be 
rumped as low as possible without allow- 
ing gas to get in the pump, and the pres- 
sure should be kept as near a vacuum as 
possible. The pump should be kept at a 
uniform speed. The pressure in the cooler 
will be nearly the same as that in the ab- 
sorber, as it is the absorber that governs 
the pressure. The makers’ instructions 
will give the proper pressures to carry 
with relation to brine temperatures, but 
the poor fellow who has followed them 
ard run up against the packing of a rich 
liquor rod under pressure will keep just 
as near a vacuum as possible and save 
packing, ammonia and the nervous sys- 
tem. 

Every ammonia-liquor pump has, or 
shotild have, a long stuffing box and a 
thimble at the center of the box (see 
Fig. 3), with packing on both sides. This 
thimble should be central, as there is a 
recess in the thimble connecting, by a 
pert, to the suction side of the pump and 
all Icazkage past the first packing goes back 
into the suction, the packing outside the 
thimble having to resist only the pressure 
on the absorber; but do not imagine that 
5 pounds pressure on the rod of a rich- 
liquor pump is a simple thing, for it is the 
worst proposition in the packing line a 
man ever ran up against. Keep the pres- 
sure in the absorber as near vacuum as 
possible. The richness of the ammonia 
charge is determined by what the absorber 
will take care of. 

There is no telling what the composi- 
tion is after the machine starts, except 
by the operation of the machine. If you 
are running with exhaust and the absorber 
works all right, the rich liquor at the 
pump will show 28 degrees, but that only 
tells what it is at that point. 

There should be sufficient anhydrous 
ammonia in the system for the cooler to 
have all it wants and allow the generator 
to keep a few inches in the condenser 
gage all the time, with the steam pres- 


sure down to the low point. This is with 


a cool absorber, and it is sometimes pos- 
sible to have the liquor in a cool absorber 
so rich that the pump will not take it, the 
gas separating out in the pump, a condi- 
tion which will be shown in the glass 


gage of the absorber, as when the pump 
lets the absorber fills up the 
liquor in the glass will effervesce like 
soda water. The remedy is to weaken 
the charge by throwing more of the gas 


and 


go, 


over into the condenser, for a reservoir, 
and start the pump by pressure from the 
condenser. 

It will be necessary to have a little pres- 
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sure on the absorber when purging at the 
valves M, etc.; just above atmosphere is 
all that is necessary. Never open these 
valves when there is a vacuum, as _ it 
would draw air in. 


THE CONDENSER 

The gage on the condenser shows its 
condition. There should always be two 
or more inches in the glass. As the con- 
densing water first passes through the 
condenser, and as the gas is cooled in the 
rectifier, there is not much trouble with 
the condenser. The liquid ammonia, if all 
right, will continue to effervesce. If it is 
quiet, like water, there is foul gas, which 
will collect at the top. In this case, shut 
the valve H at the top of the absorber and 
open the valve G at the top of the con- 
denser. Then get a bucket of water and 
blow the pipe L into it. It will be impos- 
sible to do this without wasting some am- 
monia, and when the water is impreg- 
nated with ammonia, so as to be offensive, 
change it for more water. This may have 
to be done once or twice a day for two or 
three days. 

When through purging each time, 
change the valves back again, as the ab- 
sorber gage is on this line and during the 
time the pressure is on it the absorber 
gage will show condenser pressure. In 
one case the liquid pipe B at the bottom 
of the condenser became plugged, thus 
stopping the machine. Connection was 
made from the bottom of the glass gage 
to this pipe and the delay was short. 

It is a difficult matter to get a safety 
valve that will be tight, so recourse is 
had to extending the casing and putting 
in a blank of sheet lead that will let go 
at the pressure that the safety valve is 
set for. When this happens, put in an- 
other blank. 


Tue GENERATOR 

for the generator 
go in at about the center and return near 
the bottom. When starting up a 
tor cold, do so easily, taking 
time. If possible, the better 
turn steam on at the bottom 
work its way upward. If it is a large 
machine with a flange joint in the center, 
by turning steam on strong at the top, 
the top will be heated and expand and 
open the joint at the bottom. Should this 
occur, stop the heat and let it cool. Take 
off one nut at a time, oil it and put it 
back and pull it up tight. 
it once or twice, only do not hurry the 


The coils steam in 
genera- 
plenty of 
plan is to 
and let it 


This may stop 


heating of the generator. 

As soon as there is sufficient pressure 
to raise the liquor over through the weak 
liquor pipe £, the valve and when 
the liquor shows in the absorber start the 
pump. This sets up a circulation in the 
generator and the danger is over. When 
the sufficient 
to liquefy the gas, which will be at 70 
pounds, and it does not show on the gage 


open 


pressure is shown to be 


in the condenser, open the expansion valve 


slightly so as to start circulation. The 
top of the steam coils are about at the 
center , 

It is 
a pine 
inches 


of the generator. 

a good plan to make a gage from 
strip marked in inches and half 
and fasten it to the gage fittings, 
with a mark showing the top of the coils. 
The charge in the generator should 
always be kept above the coils and usually 
near the top of the generator. This level 
will change, depending on the gas in the 
condenser and cooler and the liquor in 
the purging the 
cooler will raise the level in the genera- 
tor 4 or 5 When a lot of the 
anhydrous ammonia is sent over into the 
condenser the level will be changed. 

If there is no leakage around the am- 
monia pump, all loss will be of anhydrous 
ammonia and it must be replenished with 
the same. Should there be leakage of 
liquor it can be replenished with aqua am- 
monia, or with water and anhydrous am- 
monia. If water is used, it 
pure, distilled 
would cause foul gases. 

The troubles by allowing the 
charge to get below the generating coils 
are two: If allowed for more than a 
short time the ammonia will corrode the 
pipes, and the hot pipes in the gas will 
decompose the gas. 
up around the 


absorber. Sometimes, 


inches. 


should be 
water, as impure water 


caused 


This will be shown 
the frost every- 
where being excessively heavy, as though 
everything was frozen up, and the gage 


cooler, 


on the absorber will show about as good 
vacuum as a engine. The 
temperature of the brine will be high, as 
that is the only thing that does not show 


condensing 


any low temperatures. The only remedy 
is a good charge of anhydrous ammonia 


and purging out the bad gas. 


RECTIFIER 


The rectifier is for drying out the gas 
and should be run cool enough to chill 
off the moisture but not cool enough to 
liquefy the gas, or any portion of it, as 
it would back the generator 
and have to be distilled again. The last 
passage of water is through this vessel 


drain into 


and there is a bypass around it for the 
water so that the temperature can be regu- 
lated. There for the 
rectifier and water leaving it. 


are thermometers 

If considerable water is used because of 
the large 
through the bypass. 


absorber, a amount will go 


If water is econo- 
mized and the absorber is warm, all of it 
the The 
not below 
The drain pipe N ‘should 
the hand. 


through rectifier. 


thermometer 


may go 
should register 
110 degrees. 
feel warm to 


Dirty Coits 
and coils 
same’ 


The condenser absorber are 
liable to the trouble the 
water becomes warm and the flow slug 
the form of 
sets in and the pipes gradually 


filled. 


where 


gish. Corrosion, in “bar 


nacles,” 


become These coils have headers 
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top and bottom and each coil has a valve 
at both ends. 

There should be an air compressor 
on the premises capable of maintaining 
a pressure of 80 pounds through an open 
34-inch pipe. The headers should be con- 
nected to the air line, and also to a water 
pressure, with 14-inch pipe; the feed line 
will do. 

Once a week the ammonia should be 
shut off, or, rather, the machine should 
be stopped and the water drawn from 
the coils, the bottom valves closed and 
air turned on. There should be a valve 
for the bottom header, in the bottom of 
the flange, which should be opened and 
then the valves the coils should be 
opened separately and the air allowed to 
blow through. The deposit will be soft 
and will easily clear out. After air has 
blown through, turn on the water in the 
same manner and wash the coils out. 
While the machine is idle, the brine tem- 
perature may have gone up one or two 
degrees, but it will readily come down 
again. 


on 


If the coils are badly coated the ma- 
chine will have to be stopped for two or 
three days. The ammonia will have to 
drawn from the and ab- 
sorber, as if warmed up the expansion 
would cause too much pressure. In draw- 
ing off the ammonia be careful not to re- 
duce it too low all at once, or the freezing 
effect will be so great as to freeze the 
water coils. 


be condenser 


Have prepared a sufficient quantity of 
a strong potash solution, draw the water 
from the coils, fill them with potash and 
let it stand for twenty-four hours, or 
longer if the machine can be spared. When 
the potash is drawn off, turn on the water 
from the small cleaning pipe and fill the 


coils. Close the valve to within one- 
half turn and turn on the air. Open one 
valve at the bottom of the coil header 


and keep it open until the water runs 
clear, then close that one and open an- 
other. After all have been blown, be- 
gin with the first and go over them again. 
They may require four or five blowings 
out before they will be clean. 

When air and water issue from a pipe 
together, it will be noticed that it is- 
sues with a series of explosions, which 
appear to take place all through the coil 
and may be thought to do the cleaning, 
but this method has little effect with- 
out the potash. Water at from 125 to 150 
degrees appears to do better work than 
cold water, as the vapor from the warm 
water makes the explosions stronger. 

The gages should be looked at occasion- 
ally to see if pressure is being generated, 
and it is the better plan to cool the gen- 
erator than to shut off the condenser, 
as there is no pressure-gage on the con- 
denser unless the valve H at the top of 
the absorber is closed and the valve G 
is opened, thus using the absorber gage 
for the condenser. Do not forget to 
change back again, however. 


WEAK-LIQUOR PIPE 
In regard to the weak-liquor pipe, it 
should be remembered that as the pres- 
sure in the generator is carried higher the 
flow through this line is increased unless 
throttled. 


BRINE 

For brine, chloride of calcium should 
be used instead of chloride of sodium, 
because it cleans the pipes better, pre- 
vents corrosion and will carry lower tem- 
peratures. Care should be taken to get 
the purest, but even with this there is a 
sludge that will stop circulation in small 
pipes, and sometimes good-sized pipes are 
bothered. Place a steam pipe in the tank 
for dissolving purposes and do not fill 
the tank full of water after the calcium 
is placed in it. When the mixing tank is 
charged, until tank is 
boils, then close the steam valve. Skim 
off the scum that rises. It will be nec- 
to wait until the brine cools be- 
fore pumping into the system or it would 
raise 


turn on steam 


essary 
temperatures. The skimming can 
be done without heating, but not as much 
of the impurities will rise as by heating, 
and not much time is gained, as the dis- 
solving is so much slower. Heating saves 
lots of cleaning later, also. 


DANGER IN AMMONIA FUMES 


In case of accident, ammonia is a bad 
thing, as it takes but a small amount to 
overcome a person. Acetic acid is an 
antidote and is found in ordinary vinegar. 
A sponge soaked in vinegar and put over 
the nose will enable anyone to work in 
a strongly impregnated atmosphere, as 
far as breathing is concerned, but the 
eyes would not be protected. To work 
under such conditions it is necessary to 
wear a helmet, which should be kept 
charged at all times at 125 pounds pres- 
sure and regulated so that it will take 
one-half hour to reduce the pressure to 
25 pounds. 

Should anyone be in danger of suf- 
focation, breathing the fumes from vine- 
gar will neutralize it. Drinking warm 
milk will relieve a person partly suffocated 
from ammonia or any gas. 

Workers around ammonia should not 
forget the strong affinity it has for water 
and the absorbing power of water. When 
there is a small leak of even the gas under 
pressure, a piece of water-soaked waste 
put over it will remove all trouble until 
the water is thoroughly saturated with 
it. 

It good idea to practice using 
water for even unimportant leaks so as to 
be accustomed to it. A 
a 24-inch 


is a 


I-inch hose and 


hose under water pressure 


should always be handy, as by their use 
a big leak could be drowned; and these 
would be thought of instantly if one were 
accustomed to the use of water to take 
care of ammonia fumes. 
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DetEcTING LEAKS 

There are various devices for detecting 
leaks, but the best is white litmus paper. 
This can be procured free from the deal- 
er in ammonia. Take a strip 4 inch wide 
and about 1% inches long. With a thread, 
tie it onto a small stick 15 to 18 inches 
long. When using it, moisten it in water 
and hold it to the suspected place. If 
there is a leak the paper will turn red 


and the shade of red will show how 
strong the leak is. Litmus paper will 
detect leaks that cannot be smelled. Turn 


it away from the leak into pure air and 
it again becomes white. It can be used 
until completely worn out, all that is nec- 
essary, when using it, being to moisten it. 


FItTINGs 

For putting screwed fittings together, 
or’ for material to put on flanges, use 
litharge and glycerin; for sheet packing, 
use pure rubber. Do not get fittings in- 
tended simply to receive the pipe that is 
to be screwed into them; get special am- 
monia extra-heavy fittings, either with a 
stuffing box at each end of the fitting, 
in which rubber packing should be used 
cr fittings with a lead ring in each out- 
let and with provision to put in shot and 
allow a plug to be screwed in the top to 
force the shot down on the pipe. 





Care and Management of the 
Water-tube Boiler 





By WILLIAM KAVANAGH 


Water-tube boilers having straight tubes 
may be divided in two classes, those that 
employ ground plugs or caps for closing 
the holes through which the tubes are 
inserted and cleaned, and those in which 
small handhole and circular plates fitted 
with rubber or asbestos gaskets are used 
for the same purpose as the ground plugs 
or caps. The Babcock & Wilcox and Root 
boilers employ caps with ground joints 
or surfaces to close the tube openings in 
the headers, while the Heine and Oil 
City boilers use handhole and circular 
plates on which are placed asbestos or 
rubber gaskets to form a 
steam-tight joint. Fig. 1 
method of closing the 
header of the Babcock 


Fig. 2 


water- and 
illustrates the 
hole in the tube 
& Wilcox boiler. 
shows the method adopted by the 
Heine boiler builders for closing the tube 
connection in the header or water leg, a 
gasket being used, as shown at 4, to in- 
sure a water-tight joint. 

Fig. 3 is a longitudinal elevation of the 
Babcock & Wilcox boiler showing doors 
D located in and connecting with the 
different chambers, the object of the doors 
being to afford access to these chambers 
for the purpose of cleaning and blowing 
the dust off the tubes, for removal of 
ashes and for repairs to the deflecting 
arches, walls, etc. Fig. 4 is a view of 
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the Heine boiler and the cleaning doors 
D are for the same purpose as the doors 
in the Babcock & Wilcox boiler. 

When blowing the dust off and from 
between the water tubes and around the 
drum two nozzles, shaped as in Figs. 
5 and 6, should be used. The straight 
nozzle may be used in blowing the dust 
off the tubes in a horizontal and cross- 
wise direction, while the bent nozzle can 
be used for blowing the dust off the 
tubes in an upward and downward di- 
rection, and also from the bottom of the 
drum. Both nozzles can be used while 
steam is on the boiler, and they may be 
lengthened by adding a piece of pipe or 
steam hose, thus affording access to parts 
remote from the cleaning doors. 


Wronc AND RicHut Ways To SHUT A 
BoiLER Down 


A boiler properly shut down is easily 
cleaned; if 


shut down, it 


y 


improperly 
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and clean off the hard-baked scale and 
mud that would otherwise be carried off 
through the blowoff if the boiler was 
properly shut down. 

The right way to shut a boiler down 
is first to see that there is the usual 
amount of water in the 


boiler before 
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thing cool together, and when the boiler is 
opened for cleaning a strong stream of 
water will wash off all the scale and mud 
that did not run out when the blowoff 
was opened. In nearly every case when 
a boiler is shut down in this way the 
scale remains soft and is easily removed. 








FIG, 


means long, tedious and unnecessary labor 
to overcome mistakes that should not oc- 
cur. The wrong way to shut a boiler 
down is to haul the fire, blow the boiler 
down and allow it to cool as rapidly as 
possible. This method requires plenty of 
labor after the boiler is opened to scrape 


4 


hauling the fire. Good results are ob- 
tained by not hauling the fire, but allow- 
ing the fire to cool in unison with the 
boiler, the water and surrounding brick- 
work. Second, close everything that may 
have a tendency to admit cold air through 
the tubes and around the drum; let every- 
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FIG. 6 


Another great mistake usually made in 
cleaning water-tube boilers is to open all 
the tubes. Where 
therg is an open heater, and filtered water, 
or water not impregnated with scale-mak- 
ing properties, water that might be called 
good “steaming water,” is used, it will be 
found that the opening of the “fire row” 
and one or two rows above the fire row 
will generally be sufficient to insure a 
good job. 

The cleaning of the caps with the Bab 
cock & Wilcox type of boiler requires 
time, especially when all the caps are re- 
moved. Engineers acquainted with this 
type of boiler adopt various methods to 
clean the caps. Some scrape off the scale 
from the caps, others immerse the caps in 
kerosene oil and when the scale becomes 
soft, it is easily removed, insuring the 
ground joint from injury. In some cases, 
however, it becomes necessary to use 
emery cloth, in which event a fine grade of 


This is unnecessary. 
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emery cloth should be used. By attach- 
ing it to a buffing wheel and revolving 
the wheel about 500 times per minute a 
quick job can be done on the caps. Some- 
times it becomes necessary to apply emery 
cloth to the ground surfaces on the head- 
ers. A quick way to polish these sur- 
faces is to make a wooden buffer or 
cleaner, as shown in Fig. 7, to fit the 
opening in the headers, and by attaching 
some fine emery cloth to the disk at A 
and inserting the plug P in the opening, 
the whole can be rotated by means of a 
carpenter’s or similar brace; by placing 
the plug P in the tube opening, the plug 
acts as a guide and insures an equal 
amount of wear on all of the polished 
surfaces, which cannot be obtained if the 
emery cloth is used by hand. In this way 
all of the headers that are to be cleaned 
can each receive a polishing in a very 
short time. 


STRAIGHT WaTER TuBEs EAsity CLEANED 


The water tubes in this type of boiler 
are straight and are more easily cleaned 
than curved tubes. A turbine tube cleaner 
is attached to a hose. A stream of water 
flows through the hose, rotating the tur- 
bine at a high velocity. The rotative speed 
throws out cutters or scrapers (by centri- 
fugal action) against the interior of the 
water tube, and by feeding the turbine and 
hose into each tube the scale is partially 
or wholly removed, depending on the 
thickness and density of the scale. Some- 
times it will be found necessary to make 
more than trip with the turbine 
through a tube, but in general one trip is 
sufficient, provided the scale is not too 
heavy and the cutters on the turbine are 
sharp. 


one 


In replacing the caps particular atten- 
tion should be given to the cleanliness of 
the ground surfaces, and the mistake 
should not be made of plastering over 
these surfaces with a heavy coating of 
graphite and oil. Metal to metal insures 
the best joint. If graphite is used it 
should be used very sparingly. When the 
caps are in position it is an excellent idea 
to test them for tightness by pumping 
a water pressure equal to the steam pres- 
sure carried in daily operation. If any 
cap leaks and it cannot be made tight 
with an ordinary pull on the cap wrench, 
then the water should be lowered below 
the leaking cap, the cap taken off and the 
surfaces thoroughly cleaned before again 
putting fhe cap on. Sometimes it is nec- 
essary to change a cap and even do a 
little grinding before making a tight joint. 
After the caps are all in position the 
boiler should, if possible, be filled with 
yarm water and allowed to remain so 
for at least twenty-four hours, when the 
blowoff can be opened and the water 
lowered to its regular hight, when steam 
can be raised as slowly as possible. After 
steam is raised it will be found a first- 
rate idea to go all over the caps with the 
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wrench and try out the nuts for tight- 
ness. In most cases after steam is up 
and the boiler hot, half a turn and some- 
times more can be given each nut. If 
this is not done, when the boiler cools 
there is sure to be a leaky header or cap. 
All that has been written about the Bab- 
cock & Wilcox boiler is equally applicable 
to the Heine boiler, with the exception 
of the caps. With the Heine boiler small 
handhole and tubehole plates and gaskets 
are used to close the tube connections, 
instead of ground joints. When inserting 
these plates care must be taken to see 
there are no lumps on either surface of 
the plate, header or water leg. The tube- 
hole plates are round and cannot be placed 
in position like handhole plates, therefore 
the tubehole plates are first entered 
through a handhole opening and then zig- 
zagged into place. A better plan than 
this is to use a string having a small 
weight attached to one end. By dropping 
the weighted end through a hole ready to 
receive a plate, the plate can be fastened 
to the string and by pulling on the string 
the plate can be hauled into place quickly. 
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FIG. 7 


When using this plan one should begin 
at or with the highest row first and then 
work downward until the handhole row 
is reached, when this row can be closed 
in the usual manner. 

INSPECTING 


THE WATER-TUBE BOILER 


While inside the drum, the feed pipe, 


dry pipe and drum blowoff should receive’ 


If there is a mud catcher at- 
the feed pipe it should be 
cleaned out, and the blow-down cocks can 
receive new lining, if necessary. Water- 
column should be looked 
after and the drum inspected for corrosion 
along the water line. The portion of the 
tubes lying directly over the fire should 
receive particular attention, as these 
tubes flat on their sides from 
the action of the heated gases and draft. 
They should receive the hammer test and 
all weakened tubes 


attention. 
tached to 


connections 


become 


discarded. 
The neck or connectioa between the water 
leg and drum should be inspected for 


should be 


corrosion and keakage, and the point 
where the tubes enter the water leg 
should receive the hammer test. The 


deflecting arches and walls should be in- 
apected, because waste of fuel can occur 
if the heat is not properly 
among the tubes. 


dispersed 


June 29, 1900. 


Marking Valves of Refrigerating 
System 


By Lewis C. REYNOLDS 


It is quite usual to find the valves in 
a power plant marked in their running 
position so that the operator may know 
how to set them for certain conditions. 
The rheostats and voltage regulators will 
have a pencil mark on the marble panel, 
the valves have a chisel’ mark on nut 
and stem and probably the _ boiler-feed 
valves have a string tied on the wheel 
corresponding to some stationary point. 
Each man operating has his own mark 
or perhaps several relating to a different 
set of conditions. In a_ refrigerating 
plant with its numerous valves requiring 
at times the most exact adjustments some 
scheme of marking becomes absolutely 
necessary and can be accomplished by a 
system of dials with pointers which will 
intelligently indicate valve positions with- 
out disfiguring the valves. 

Provide a disk of sheet brass say, 1/16 
inch thick and 6 inches in diameter, for 
a I-inch valve; divide the outside edge 
into a suitable number of divisions de- 
pending on the fineness of adjustment de- 
sired, and stamp each division with a 
figure punch, or if graduated close, at in- 
tervals, so that the figures will not be- 
come confusing. Attach the dial to a small 
brass collar which is secured to the valve 
stem by a small setscrew. The marking 
of the dial can best be done by fastening 
the disk to a wooden block attached to the 
faceplate of a lathe, and moving the car- 
riage with a pointed tool across the 
disk so as to take a light cut. The spacing 
can be done by placing a suitable gear on 
the spindle and moving the faceplate after 
ach cut until the next tooth comes in 
line. Set the dial on the valve stem so 
that the pointer will be at zero when the 
valve is closed. If the valve is opened 
more than one turn, it will be necessary 
to count them and read the fraction of 
a turn directly from the dial. 

This device has proved of great ad- 
vantage in operating a refrigerating plant. 
It has been placed on the expansion and 
weak liquor valves, also the steam valves 
to the retort pump and the condensing 
water valves. Any change made in their 
position is noted on the log sheet and 
also the reason for the change. A moathly 
memorandum sheet is ruled up with the 
first column for the day of month, the 
second column for the hour of day and 
the following columns for the different 


valves. Once each day a reading of the 
valve position is taken and the time 
noted. This is filed for future reference, 


and comparisons of valve positions can be 
made for different months and years. The 
men in the station become accustomed to 
referring to the valve positions by num- 
ber, and the engineer when visiting the 


plant can tell at a glance if any changes 
made. 


have been 
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Practical Letters from Practical Men 





Don’t Bother About the Style, but Write Just What You Think, 
Know or Want to Know About Your Work, and Help Each Other 





WE PAY FOR USEFUL 


Ar Original Remote Control 
System 


Recently an engineer was called upon to 
devise an economical method of control- 
ling a direct-current 220 volt, 3-horse- 
power sump motor from his still room. 
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telephone wires were then connected to 
one side of the switch and a source of 
electric energy to the other. The switch, 
as required by the fire underwriters, was 
thus located outside of the still room. 
By pressing on the end G of the rod, 
the switch A was closed. On remov- 
ing the the spring S would 


pressure, 

















Pipe from Reserveld’ 





Gy 


FIG. I. CORNER OF “STILL ROOM” 


The motor was located about 1000 feet 
away, at a reservoir holding dirty ben- 
zine, and was originally wired directly 
from the cutout box in tre basement of 
the power house, whick was about 500 
feet from the still. 

It was deemed neither desirable nor ad- 
visable to a pele line or an 
an underground extension fron. the cut- 
out box to the stil! room, owing ‘o the 
appearance in the first case, and to the 
the second. Finahy th 
gineer decided to make use of an extra 
pair of telephone wires im a cable which 
ran from the power house to the wa*e- 
house. 

The extra wires were extendcu to the 
rear wall of the still room. At a point 
about 5 feet from the floor, and one 
feet from the corner of the room, a 
§%-inch hole was driven through the wall. 
was 


run either 


cn- 


expense in 


single-throw switch 


pivot point at B, Fig. 


A double-pole 
installed, having a 
I, a lever arm C pivoted at B, and con- 
nected to the switch at 4 through a 
short link. A rod about 20 inches long 
and one-half inch in diameter was then 
run through the wall and connected to 
the lever arm C at the point F. A spring 
was put on the other end of the rod, 
and held in place by the flange G. The 
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immediately force the switch open again. 

On the feed pipe leading to the still, 
an automatic self-closing valve was in- 
stalled, also required by the underwriters. 
This valve by means of a 
weight Il’, Fig. i, hung from a lever L, 
and was so located that 


was closed 
when the valve 
was widely opened the lever would press 
on the flange G and close the switch. 
The lever could then be held against G 
until the still had as much benzene as re- 
quired, and then be released, closing the 
valve automatically and the 
switch. 

In the basement of the power house, 
close to the cutout box, the switchboard 
shown in Fig. 2 installed. At the 


opening 


was 


IDEAS 


top of the board are two magnets con- 
nected in series to the telephone circuits, 
and energized whenever the switch A, 
Fig. 1, is The cores of these 
magnets are connected to a steel frame F, 
which fits lightly around a 4-inch steel 
disk pivoted at Y. This disk, instead of 
being controlled by a spring, is rotated 


closed. 


by means of a long cord which is wound 
on a spool on the axle of the disk, in the 
rear of the beard, passed over several 
pulleys and attached to a heavy weight. 
The degree of rotation is limited by a 
projection on the disk, which makes con- 
tact with the the 
frame F’, depending on whether the switch 
Pivoted 
at the point z is a 6-inch lever P, 
is connected at its lower end to a double- 


catches R or O on 


T is being opened or closed. 
which 


pole single-throw switch. The upper end 
is slotted half an inch to give play. When 
the magnets are energized, the cores are 
drawn up, lifting the frame F, and allow- 
ing the disk to rotate with great speed 


From 
| Telephone Cable 
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FIG. 2, STARTING DEVICE 


until stopped by the catch O, the lever 
acting as a plunger, closing the switch T 
and closing the motor circuit. When the 
magnets are deenergized by the opening of 
the switch A, Fig. 1, the cores drop, and 
frame F the disk, turns 
until stopped by the catch P, opening the 
switch and thus opening the motor cir- 


releases which 
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cuit. Fig. 3 gives a rough diagram of 
the circuit. 

The sump motor is thus quickly and 
conveniently operated from the still room 


POWER AND THE ENGINEER. 


the apparatus, but in the large plants, 
where momentum changes must be made 
rapidly, it certainly makes it much more 
convenient if the engineer can see at a 
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FIG. 3, DIAGRAM OF CONNECTIONS 


in a manner that conforms entirely to the 
underwriters’ specifications, and is reliable 
and inexpensive. 
W. W. Parker. 
Chicago, III. 





Are Inside Screw Valves Unsafe? 


On page 811 of the May 4 number, 
Thomas Sheehan has a letter on “State 
Inspection of Boilers,” wherein he states 
that an inspector condemned one of the 
valves on a new boiler because it was not 
of the outside screw-and-yoke type. 

Also on page 863 of the May 11 num- 
ber is an editorial entitled: “Are In- 
side-screw Valves Unsafe?” 

A person reading these articles, who is 
unacquainted with the Massachusetts laws 
on boiler construction and inspection, 
would very naturally condemn the boiler 
inspector for refusing to accept a new 
boiler simply because one of the connect- 
ing valves was not of the outside screw- 
and-yoke pattern. .If, however, those who 
are interested in the matter will look at 
the “Boiler Rules,” which are not made 
by the inspectors, they will find the fol- 
lowing: “All valves 2 inches and 
over in diameter shall be of the outside 
screw-and-yoke type.” 

Therefore, the boiler was not “set up 
and connected as law,” as Mr. 
Sheehan claims, and neither was the in- 
spector “guided by what he believed to be 
his duty in the matter” alone. There was, 
of course, no alternative whatever but to 
refuse to grant the certificate until the 
valves were installed in accordance with 
the “Boiler Rules.” 

The comparative safety of the two types 
of valve is another matter, but for con- 
the valve is far 
preferable to the other type. This may 
not make so much difference in the small 
plant, where one or two men alone handle 


stop 


per 


venience outside-screw 


glance whether certain valves are open 
or shut. 
S. J. SmitH. 


Lawrence, Mass. 


Take a cross-section of a valve of the 
type alluded to and note the thread when 
the valve is closed. This is the point 
where all the strain comes when the valve 
seats and also when starting to open. 
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three threads and they are right at the 
end of both stem and disk. 

I consider them very dangerous, where 
the valve is important, and for many 
years have never put in one of this type 
over 2 inches in diameter. 

W. E. CRANE. 

Broadalbin, N. Y. 





Homemade Automatic Pump 
Regulator 


. After having connected up a reducing 
valve, extra valves, fittings, traps, etc., to 
overhaul an old 2-inch two-pipe heating 
system of 4000 square feet of cast-iron 
radiation, which has been operated many 
years without any of these appliances, I 
thought of completing the job at very 
little expense, by making a homemade 
pump regulator, as per the accompanying 
sketch. 

It has worked for the last two years, 
needing only an occasional packing of the 
automatic-valve gland A. 

The return tank B is directly connected 
with the heating system, and also through 
the traps; it also has connection with the 
pump suction. The float C is a seamless 
copper one, to which was fitted a %4-inch 
brass rod. The tank B was drilled and 
tapped for %4-inch standpipe, and a %4-inch 
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HOMEMADE 


There is no possible chance for lubri- 
cation, and if the thread begins to cut 
there is no knowledge of it, and no help 


if there were; there are but from one to 
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AUTOMATIC PUMP 
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REGULATOR 


nipple D long enough to serve as a guide 
for the rod was screwed in. 

The float while separated from the rod, 
duly weighted with water, was introduced 
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through the tank manhole and screwed to 
its rod. A hook was screwed on at O 
and an arrangement of cord and pulleys 
put up leading to the lever E. 

The high-pressure line to the pump was 
bypassed and the regulating valve F in- 
serted, together with other necessary 
valves. This regulating valve, which for 
reason of space was put in upside down, 
was made out of an ordinary globe valve, 
the stem threads being turned down and 
a pulley fork fitted to the end of the stem. 
The lever rests on the wheel pin G. 

The hexagonal part of the valve bonnet 
was turned round, so as to fasten on an 
old pump-rocker arm H trimmed to suit 
the case. The forked eye J. was taken 
from an old pump-valve rod. The work- 
ing of this contrivance hardly needs any 
explanation. 

ALEXANDER DOLPHIN. 

Jamaica, N. Y. 





Return Tubular Boiler Setting 


The accompanying sketches are of two 
return-tubular boilers with practically the 
same conditions existing, except that the 
plan of setting is different. 

In Fig. i the boiler is set 3 feet above 
the grate surface and the bridgewall is 
built up square and is 28 inches high. 

In Fig. 2 the boiler is set 2 feet above 
the surface of the grate and the bridge- 
wall slopes back from the rear end of the 
grate until it reaches a vertical hight of 
16 inches. The top of the bridgewall in 
each furnace is horizontal, thus bringing 
the center up to within 8 inches of the 
boiler shell. 
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The boiler furnace set as shown in Fig. 
1 burns its coal more quickly and cleanly, 
requires less work and provides better 
combustion than can be secured in the 
furnace shown in Fig. 2. 

Why does the furnace in Fig. 1 burn its 
coal with better results than can be ob- 
tained with the furnace shown in Fig. 2? 

E. W. JAcKsoNn. 

Muddy, TI. 





A Blast Pressure Gage 


The accompanying illustrations are of 
a pressure gage and telltale in use at 
the plant of the Tennessee Copper Com- 
Sliding Seale, 
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pany, Copperhill, Tenn. Six blowing en- 
gines discharge into one main receiver, 
at a pressure of 50 ounces per square inch. 
Each engine has a Crosby recording mine 
and draft gage to record the pressure, 
but as the chart is small and the gage set 
high, it is impossible for the oilers and 
engineers to keep the pressure even. 

A water gage was constructed as shown 
in Fig. 1. Two oil-pump glasses con- 
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stitute the reservoir, clamped together on 
packings by some old oil-pump tops. A 
14-inch pipe screws through the cap and 
extends to within 1 the bottom. 
This pipe extends upward to a graduated 


inch of 


scale, where a %-inch glass tube enters 
the pipe through the packing gland. 
scale is made adjustable for 11% 


The 
inches 
to allow for evaporation of the liquid and 
difference in level. 

From the top of the center ring on the 
reservoir, which is the point chosen to 
start from, to the beginning of the scale 
measures 5234 inches, and is equal to 30 

the fact that 
one ounce pressure will support 1.76 inches 
of water. 


ounces pressure, based on 
From this point the scale is 
graduated in %-ounce graduations up to 
60 ounces. 

The liquid is colored red and the grad- 
uations red and 
scale; the indicated pressure can be read 
30 or 40 feet away. The gage is placed in 
the center of the engine room on the wall 
and is connected by a pipe line to the 
main receiver, some 300 feet away. Be- 
side the water gage is fastened the electric 
telltale which is shown in Fig. 2. 


are black on a_ white 


This consists of a small reservoir and 
pipe similar to a water gage, but on a 
smaller scale, all constructed of 
Three glass tubes centered in two rings 
of fiber so they can neither touch each 
other nor the pipe containing them, have 
a platinum wire sealed in each tube on 
one end which projects through the tube 
VR the other end connects to a 


iron. 


@ inch; 
copper wire which extends to lamps as 
shown. The glass tubes have a dif- 
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ference of % inch in length on the bottom 
The gage is filled with mercury 
so that with the water gage showing 49 
ounces, the bottom light will burn; the 
other two lights are each I ounce apart 
in lighting up, and burning at 50 and 51 
cunces. A bell could be used instead of 
lights if desirable. 

A small amount of oil is used on the top 
of the mercury to break the small arc 
when the mercury recedes from the wire 
tips. 

These gages have been very satisfactory 
in keeping the blast pressure even. 

We use a similar water gage to adjust 
and test the recording gages on the blast 
pressure. 


ends. 




















G. L. FAteEs. 


Copperhill, Tenn. 





Heating by Exhaust and Live 


Steam 








Fig. 1 shows the piping arrangement 
where exhaust steam is used during the 
day when the engine is running, while at 
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night or when the engine is not running, 
live steam is used. This system is oper- 
ated in the following way: In the morn- 
ing, before the started, the 
valve A in the steam line from the boiler 
and the valve B in the return pipes from 
the heating coils are closed, and shortly 
after the engine is running the valve C 
is opened and the back-pressure valve in 
the exhaust pipe is nearly closed, while 
the valve D leading to the atmosphere is 
opened just enough to let the water of 
condensation out of the heating 
At night, after the engine is shut down, 
the valves C and D are closed, while the 
valves 4 and B are opened and left this 
way until the next morning, the night- 
watchman keeping the steam up. 

It would have been an improvement 
if the pipe from the valve D were con- 
nected into a receiving tank, thereby sav- 
ing the water of condensation from the 
exhaust steam during the day, or when- 


engine is 







coils. 
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ever the engine is running, and using this 
water over again for boiler feeding, as 
the water had to be paid for at meter 
rates. 

The check valve E, which is 
when live steam is and the water 
of condensation returned direct to the 
boilers, must be tight at all times, for 
if this check valve leaks, the system will 
not work satisfactorily. 

There are many steam plants where no 
use is made of the heat in the exhaust 
steam, and it is hard to say whether the 
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owner or engineer is at fault for not 
making use of it for heating the building 
or heating the fuel water for the boiler. 
Many steam-plant owners do not see any 
real gain from installing the necessary 
appliances for making use of the ex- 
haust steam. The writer has in mind 
one plant where this is done. There is a 
large Corliss engine and the exhaust pass- 
es through an open heater. Some time ago 
a high-speed engine was installed for 
driving a dynamo for lighting the build- 
ing, and the exhaust steam was run direct 
to the atmosphere. The reason it was 
not run through the open heater, as was 
that from the large engine, I think was 
because this heater was too small to take 
care of the exhaust from both engines. 
It would have paid the owner to install 
a larger heater, or a small closed heater 
could have been installed in the exhaust 
line of the high-speed engine and, as 
water was taken under pressure from the 
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city main, the water could be first passed 
through the closed heater and then into 
the open heater, as shown in Fig. 2, mak- 
ing the water much hotter before it went 
to the boilers, resulting in a saving in 
the coal bill. Should the high-speed en- 
gine be shut down for any cause, the 
valves A and B could be closed and the 
open heater fed with cold water through 
the pipe C from the city main, or the 
piping could be arranged so that if the 
open heater got out of order the water 
could be passed by this heater to the 
pump from the heater, thereby 
making it unnecessary to supply cold 
water to the boilers. 

Fig. 3 shows a plan where live steam 
is used in heating coils, steam driers and 
steam kettles, and water of condensation 
is returned by means of steam traps to 
an open heater. The steam traps can be 


closed 
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placed in any convenient place in the en- 
gine or boiler room, or on the wall on 
shelves, as shown. 

Fig. 4 shows a plan where exhaust 
steam is used and water of condensation 
returned to an open heater in the engine 
room. In this plant the exhaust steam is 
carried to the fifth floor with a_ back- 
pressure valve in the exhaust pipe at the 
ceiling on the fifth floor. There are 
also tees in the exhaust pipe at each 
floor, as shown at A and B, and from 
these tees pipes are branched off to each 
coil of heating pipe on this floor. 

H. JAHNKE. 

Milwaukee, Wis. 





Compound Engines 


Regarding G. W. Harding’s conten- 
tion in the April 20 number, that we can 
get twice the work out of an engine by 


From other Floors 
iy 


3rd Floor 


2nd Floor. 


Return Pipe to Heater 


Power, N.Y. 
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compounding, wherein he says: “If the 
diagrams show, say, 100 horsepower in the 
high-pressure cylinder and 100  horse- 
power in the low-pressure cylinder, we 
have a 200-horsepower engine, do we 
not? Suppose we remove the low-pres- 
sure cylinder, do we still have a 200- 
horsepower engine?” To the first, yes, 
to the second, no, but by removing the 
low-pressure cylinder and other impedi- 
ments, and running it as a simple engine 
about 150 horsepower could be developed, 
for the principal reason that there would 
be no receiver pressure to exhaust against. 

Now, if we can gain from 30 to 40 per 
cent. in power by compounding, it would 
certainly be the cheapest to do, ie, if 
steam consumption is taken into considera- 
tion. 

Let us hear in what light Mr. Harding 
regards a triple-expansion engine, for ac- 
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cording to his reasoning a triple-expan- 
sion engine would develop three times the 
power of a simple engine, and so on. 
A. L. ANDERSON. 
Douglas, Alaska. 





G. W. Harding seems to be somewhat 
mixed in his article on the compound 
engine, in the April 20 number. He does 
not state clearly what he means by a 
compound engine having twice the power 
of a simple, but one would presume that 
he means that 
horsepower simple engine it 


by compounding a_ 100- 
would de- 
velop 200 horsepower, all other conditions 
remaining the same. 

Suppose we have a 200-horsepower com- 
pound engine, with the work equally 
divided, or nearly so, between the two 
cylinders. He would that we have 
only a 100-horsepower engine left if we 
remove the 
the steam 
maining the same. 


say 


cylinder with 


revolutions 


low-pressure 
pressure and re- 

When we remove the low-pressure cyl- 
inder, we also relieve the back pressure 
on the high-pressure piston, thereby in- 
creasing the power developed in the high- 
pressure cylinder, say, 25 horsepower, with 
the same cutoff on the high-pressure cyl- 
inder, or a total of 125 horsepower, which 
the high-pressure cylinder of a 200-horse- 
power compound engine will develop if 
run as a simple engine. 

Take a 100-horsepower simple engine of 
the same make, the steam pressure, revo- 
lutions and 
the same. 
adding a low-pressure 
proper ratio. It will now develop with 
the same cutoff about horsepower, 
not 200 as Mr. Harding would have us 
believe. 

The last paragraph in Mr. Harding’s 
article is all right, only he is mistaken 
as to the amount of power to be gained 
by compounding. 


other conditions remain 
Change it to a compound by 


of the 


to 
cylinder 


125 


The initial cylinder condensation is less, 
the rotation is steadier, the strains are 


more evenly divided throughout the 
stroke, thereby permitting the use of 


lighter parts and lighter flywheels for the 
same degree of steadiness. 
CuHartes E. BECKWITH. 
Sprague, Wash. 





I am afraid that Mr. Harding uses the 
terms rated active horse- 
power, economy of a plant, economy of 
steam consumption, relative economy of 
two engines and what is considered good 
economy based on general practice, in a 
rather loose and on this account 
things are not what they seem. 

A compound engine might be made 
to do twice the work of a simple engine 
and be much uneconomical, and 
at the same time the simple engine might 
be running in an uneconomical manner. 
Some times it is more economical to buy 
a cheap engine which uses steam in an 


horsepower, 


sense, 


more 
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uneconomical way than to buy a better 
engine which uses steam in a more 
economical way. 

If the low-pressure cylinder is doing 
100 horsepower and the high-pressure 
cylinder is doing 100 horsepower there is 
then a 200-horsepower engine, regardless 
of the builder’s rating. If the low-pres- 
sure cylinder is taken away, we will still 
have a 200-horsepower engine, and it will 
develop 200 horsepower, but the fireman 
will sweat more, for it will use more 
steam as a 200-horsepower simple than asa 
200-horsepower compound engine. 

Mr. Harding says, in summing up: “I 
have learned that in order to increase the 
power of an engine one should raise the 
boiler pressure, speed the engine up, en- 
large the cylinder or compound by adding 
a low-pressure cylinder.” 

I know a compound engine whose load 
is changed about 50 horsepower at a time. 
It is rated at 150 horsepower. When the 
full load is thrown on, it is changed from 
150 horsepower (rated) to a 290-horse- 
power engine. The boiler pressure is not 
raised, the engine is not speeded up, the 
cylinders are not enlarged, and it is not 
compound, but on the contrary the speed 
is actually lowered trhee or four revolu- 
tion per minute. When the engine runs 
slower, the governor balls run in a lower 
phase and the cutoff is lengthened. The 
engine not only takes more steam, but 
more steam per horsepower and is there- 
fore less economical. 

Let us take a simple engine already 
but 150 
power. It is actually a 150-horsepower en- 
gine. It is eating all the steam it can, 
but the power must be increased, there- 
fore we will add a low-pressure cylinder 
which will use steam, but not the steam 
the high-pressure cylinder used or would 
use in developing 150 horsepower, but 
the steam it wasted by condensing it on 
its walls. For this reason the compound 
engine will develop, say, 200 horsepower, 
or the horsepower of the engine will be 
increased. 


overloaded, developing horse- 


In order to make it run smoothly each 
cylinder is made to do an equal amount 
of work. The low-pressure cylinder is 
added not to increase the. horsepower by 
using the same steam over again or to get 
more work out of the steam actually used 
by the high-pressure cylinder, but to in- 
crease the horsepower by using the steam 
which the original high-pressure cylinder 
condensed on its walls and wasted. 

If Mr. Harding will plot the two dia- 
grams to the same spring scale and com- 
fine them into one, he will see that a com- 
pound engine does not consist of two 
separate engines using steam at two pres- 
sures but of one engine with two parts 
using steam at one pressure. The com- 
pounding does not make a second use of 
the steam but uses the steam that would 
be wasted. He must learn to look at a 
steam engine not as a machine which uses 
steam or changes the steam pressure into 
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motion, but as a machine which changes 
the heat in the steam into work. 
W. G. TALBorTT. 
Angel Island, Cal. 





Why Won't the Engine Carry the 
Load? 


The accompanying indicator diagrams 
were taken from an Armington & Sims 
cross-compound engine, size 10% and 16% 
x12 inches, speed 278 revolutions per min- 
ute, indicator spring,60, steam pressure, 122 
pounds, vacuum power, 30 pounds. This 
engine is connected to a two-phase in- 
duction: alternator by a belt and was 
delivering 83.6 kilowatts to the switch- 
board when the diagrams were taken. 
During the time the indicator was being 
changed from the high-pressure cylinder 
to the low-pressure cylinder the load did 
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not vary perceptibly, so the diagrams may , 
be regarded as taken simultaneously. 

This engine has a Rites governor, pis- 
ton valves and a small receiver between 
the cylinders. I should like suggestions 
from engineers as to how the defective 
setting or operation of the low-pressure 
valve can be remedied. The high-pressure 
valve takes steam at the outside edges 
and exhausts at the center, while the 
low-pressure valve takes steam at the 
center and exhausts at the outside edges. 

Another fault of this engine is its in- 
ability to carry a load one time that it 
will carry another time. For instance, in 
the evening the lighting load builds up 
gradually to 92 kilowatts which is this 
engine’s limit. We put in another en- 
gine to help over the peak load, and 
when the load builds up to, say, 100 
kilowatts, if we take out the other en- 
gine when the load goes down to 92 
kilowatts, the Armington & Sims will 
not carry it, the steam pressure being the 
same. Why is this? 
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At what position should the governor be 
blocked while setting the valve? 
J. W. BLake, 
Mt. Kisco, N. Y. 





Boiler Inspection and License Laws 


Desirable 


The editorial in the April 27 number, 
“Boiler Inspection and License Laws De- 
sirable,” leads me to the belief that the 
situation in Maine is not fully understood, 
nor why the license law failed to pass at 
the last session of the State legislature. 
The bill that proposed was so 
wretchedly drawn that no self-respecting 
engineer could possibly approve of it. 
It should have been called: “A Law to 
Corner the Market in Stationary En- 
gineers and Firemen.” The writer is a 
stationary engineer of more than fifty 
years’ active experience and believes in a 
thorough inspection of all steam boilers, 
and any practical law that will prevent 
or reduce in number the loss of life by 
boiler explosions; and he so stated to the 
committee legal affairs at the last 
session of the legislature. 

The lawyer who appeared for Port- 
land No. 1, N. A. S. E., stated that he 
did not draw up the bill and had passed 
a very unpleasant afternoon ad- 
vocating it. With other engineers from 
of the largest and best-managed 
corporations in the State, the writer at- 
tended the hearing to protest against the 
proposed bill and at the same time to 
recommend the passing of a rigid inspec- 
tioa law for steam boilers. 
and the factor of 
to the committee, 
these was strongly 


was 


on 


while 


some 


The lap seam 
safety were explained 
and legislation upon 
recommended. 

I do not believe there were any meas- 
ures taken by any person or corporation 
to check the discussion in the newspapers 
of the State. The most intelligent and 
the best-equipped engineers of the State 
were opposed to this bill as presented, and 
so stated at the hearing. No one except 
the lawyer spoke in its favor. There was 
no minority report. 

At the last session of the Massachusetts 
legislature there was a bill praying for re- 
lief from the hardships imposed on the 
manufacturers by the present license law. 
A recent visit to several of the large 
power plants and manufacturing concerns 
in that State and interviews with their 
chief engineers convinced me that they 
had abundant reason for complaint. If 
the Massachusetts law has proved to be a 
hardship, the bill offered in Maine would 
have proved a much greater one. 

I do not think that the recent explosion 
at Farmingdale should be quoted against 
Maine any more than the 
Brockton should be cited 
Massachusetts license law. 


C. D. THurser. 


disaster at 
against the 


Biddeford, Me. 
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Use Cylindrical Flywheels for 
Safety 


There are several important points in 
Mr. Hodges’ article in the May 4 num- 
ber, page 798, that do not look at all like 
good reasoning. 

The energy delivered by a flywheel is, 
as stated, proportional to the moment of 
inertia, but in reducing the mass, M con- 
tains the variables R == radius and b = 
the breadth, and hence should be simpli- 
fied. Equating the moments of inertia 
for two wheels we shall get an expression 
as follows: 

M,R? = M,R?; 1, => M,Ki;1,=M,K} 
where 
= Mass, 

K = Radius of gyration, which can be 

taken equal to R for this discussion. 

Reducing M to its components we have: 

| eee ee a a 
where 

k = Density, 

b = Width,’ 

t = Thickness, 

R = Radius. 

Substituting in 
have: 


ihe first equation we 
k-bsth Ri = k'bs'te'R:2’; 
t and k can be taken as constant; ti = fe 


k =k. Then 
bi R: = bz R;*, 


by _ Rt 

bg, = RY’ 

from which it follows that the widths of 
two wheels of the same moment of inertia 
are to each other inversely as the cubes of 
the radii. 
width & the radius, the foregoing for- 
mula may be written as follows: 


bRy _ RE 

b,R, RY 
In other words, the weights vary as in- 
versely as the squares of the radii. Hence, 
if a flywheel weighed, say, 2000 pounds, 
one of half the diameter would weigh 
8000 pounds and one one-third the diam- 
eter 18,000 pounds. As ball bearings can 
be used only for light work the inad- 
visability of putting in ball bearings to 
take care of this increased load can be 
easily seen. 

The purpose of 
to show how the 
change in diameter. The same fallacy oc- 
curs here, also, as M is again a variable 
containing b and R, and should be re- 
duced as low as possible. The force tend- 
ing to burst a flywheel is, however, 


MV? 
4R’ 


As the weight varies as the 


article was also 
varies with a 


the 
stress 


F= 


where 
F = Force, 
M = Mass of all rotating particles, 
V = Velocity, 
R= Radius. 
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Reducing  to27 RN, 
M (N 22 R)? 
an MY 2 KX) 
4R , 
N = Number of revolutions. 
Thus force F is the total force at any 


one section, and dividing by b X t, we get 
unit stress: 


F 


in M (N22 R)* 
~~ gRbé — 
Reducing 7: 
k-bt-R‘'N27R)? 
S= — : 
4b2R 
S=kw rk yx’. 
Calling & x" = C, 
SC fF 2, 
which is the formula given by Kent. 

As to why this formula is incorrect, 
the reasoning is not at all clear. There 
are some four or five statements, some di- 
rectly opposed to others, which mean little 
and prove less. 





It is at once evident from 
the formula that the stress does not de- 
pend on either breadth or thickness, with- 
in the limits of the assumption, for the 
more material in the rim, the greater the 
cross-section to withstand the force. The 
mass, the radius 
increases and the F?® still stays in the dis- 
cussion. 


however, increases as 
In other words the stress varies 
as the square of the radius, which is even 
better for the purpose of the article. 

To sum up conclusions then: 
place the present 


To re- 
flywheel by one, say, 
one-third as large, we should ‘have to in- 
crease the width twenty-seven times and 
the weight nine times, which would also 
decrease the liability of explosion by a 
factor of nine. The last may be secured, 
however, by increasing the spokes. 

J. H. Spoor. 
Madison, Wis. 





Boiler Efficiency 


In the issue of May 4, page 811, W. 
Kent takes exception to my remarks ap- 
pearing in the March 16 number, concern- 
ing the use of the term “efficiency” in 
connection with and that 
I have used the term “boiler efficiency” 
in a different sense than it has been used 
for the past forty years by all authorities 
on steam boilers, and in a sense that is 
not in harmony with the meaning of the 
word “efficiency” as applied to other 
things in boilers. 

There is no difference of opinion be- 
tween us regarding the definition of “effi- 
ciency,” which he gives as “output divided 
by input,” but this is not the point. He 
states that the efficiency of a boiler is 
not a constant quantity, but necessarily 
variable due to rate of driving and other 
things. This is surprising. The differ- 
ence, for example, between the early boil- 
ers in the form of kettles heated on the 
outside, with but a relatively small por- 
tion of the heat finding its way into steam, 
and those made later with tubes within 
them and passages arranged around the 


boilers, states 
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outside so that a much greater portion of 
the heat was absorbed, was one of me- 
chanism and necessarily a constant, there- 
fore the efficiency must be a constant and 
not a variable. Thus it is clear that the 
later type is more efficient, due to the tact 
that there were tubes through it and 
passages around it, and it is the recogni- 
tion of this fact which I urge. There- 
fore the only difference between the two 
boilers being that of design and construc- 
tion, serving them with a good or poor 
fire can in 
acteristics. 


no way change their char- 
Of course, if a good fire is 
made under a poor boiler and a poor fire 
under a good boiler, the result, which is 
the efficiency of operation, might be the 
same in each case. 

Mr. Kent confuses the efficiency of op- 
eration with the efficiency of the boiler, 
and it is surprising to me that arguments 
of this kind should be presented, be- 
cause a little thoughful consideration will 
make it perfectly clear that the efficiency 
of a boiler itself should be recognized, 
and the efficiency of operation, which has 
masqueraded so many years as the effi- 
ciency of the boiler, is inadequate to give 
definite information relative to the boiler 
itself. 

A. BEMENT. 

Chicago, Ill 





Cause of an Engine Wreck 


On page 849 of the May 11 number Le- 
roy H. Wheat asks: If the load is all 
thrown off of a Corliss engine would 
there not be a checking of the speed be- 
fore the governor would drop from its 
highest plane to the point where the in- 
take 
steam ? 


admit 
And he suggests the setting of 
the collar on the staff so that 
the cutoff shall never be less than the 
valve opening, or 1/16 inch. This might 
not be too much, and yet with a good 
vacuum and no load I should be afraid 
to risk it, and I speak from long experi- 
ence in rolling-mill work. 


valve would again open to 


governor 


This was not the point T was looking 
at when writing the article alluded to. 
The question was: “What would be the 
result of lengthening the long rod and 
shortening the short rod on the governor 
of a Corliss engine?” This question had 
nothing to do with the limit to which this 
might be carried. 

To show what can be done in this direc- 
tion, a man had a large Corliss: engine 
fitted with eccentric, and the latest 
cutoff being too early for his work, he 
changed the rods as indicated until his 
shortest cutoff one-fifth stroke. 
This was all right as long as the entire 
empty mill was attached, but one day the 
main belt broke and there was an empty 
engine whose shortest cutoff was at one- 
fifth. 

Lengthening the long rod and shorten- 
ing the short rod may bring the shortest 


one 


was at 
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distance of cutting off at any place, and 
the result appears in the papers: “The 
load was suddenly thrown off and the en- 
gine ran away.” 

W. E. Crane. 
Broadalbin, N. Y. 





State Supervision of Boilers 


In answer to Mr. Sheehan’s inquiry I 
will say that the State requires all stop 
valves 2 inches and over in diameter 
to be of the outside screw-and-yoke type, 
on new construction; that is, on boilers 
installed since May 1, 1908. This rule, 
however, does not affect valves on boilers 
installed prior to this date. That is why 
the inspector required the valve on the 
new boiler to be changed and allowed the 
others to remain. 

Evidently Mr. Sheehan has not made 
use of the opportunity to get a copy of 
the State “Boiler Rules,” which are pub- 
lished in pamphlet form and contain much 
valuable information for engineers. These 
rules can be had free of charge by ap- 
plying to any member of the boiler-inspec- 
tion department. 

RAtpH F. BLANCHARD. 


Fitchburg, Mass. 





Economy of Different Sized 
Engines 


In relation to statements contained in 
James L. Guile’s letter on page 891 of the 
May 18 number, I think Mr. Guile is 
making a mistake in presuming that the 
8x8 engine will be more economical in 
the use of steam than the 8xto. It seems 
to me that he is basing his calculations 
tox8 instead of an 8x10; that is, 
he considers the 10-inch dimension as the 
diameter of the cylinder instead of the 
stroke, which it really is, it being usual 
to name the diameter first and the stroke 
second, and in that case the 8x8 engine 
would not be the better under the other 
assumed conditions. 

Suppose the initial steam pressure, ab- 
solute, to be 150 pounds, the back pres- 
sure 17 pounds, the revolutions per min- 
ute 250, and the indicated horsepower 50 
for both engines. 

Let 2 equal the mean effective pressure 
for the 8x8 engine; then by transposing 
the terms of the horsepower formula and 
substituting the given values, we have 


on ia 


33,000 X 50 _ 

— ts X 50 A 500 —— 

For the 8x1o engine the mean 
effective pressure will be 

33,000 X 50 
Tz X 50 X 500 
have used the round number 
area of the 8-inch pistons in 
in order to simplify matters, 
and further will. consider that there is 
not any clearance. 





pounds. 


Fe = 





= 79.2 


pounds. I 
50 for the 
both cases 


We want to find out 


at what points of cutoff, respectively, 99 
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and 79.2 pounds mean effective pressure 

can be obtained, bearing in mind the as- 

sumed data. The formula for finding the 

mean effective pressure is: 

1+ hyp log R 
R 





puPx 


— back pressure, 


where 
p = Required mean effective pressure, 
P= Absolute initial pressure, 
R= Ratio of expansion. 


Back pressure is also expressed in terms 
absolute. 

From the formula we can solve for the 
value of R, from which we can find where 
cutoff takes place, and then determine 
the difference in the quantity of steam 
used in the engines. First, to simplify, let 

pb + back pressyre 
P 





’ 


then 
aX R— hyp log R= 1. 
Assume a value for R and see how near 
to I we can get. For the 8x8 engine, 


99 + 17 
150 





a= = 0.773 +, 


and, 
0.773 X R — hyp log'R = 1. 


Try R = 2.5; the hyperbolic logarithm 
of 2.5 = 0.9163; so that the statement be- 
comes 


0.773 X 2:5 — 00163 = 1.0f. 


This is sufficiently close to 1 for the 
purpose, to permit the use of 2.5 as the 
ratio of expansion in the 8x8 engine. 

For the 8x1o engine assume the value of 
R to be 3.5. Then, as before, 


a= _79-2 +17 = 0.641 : 
150 
and 
0.641 X R — hyp log R = hyp log of 
35 = Lasse. 
Therefore, 


0.041 X 3.5 — 1.2528 = 0.99. 

This also is sufficiently close to 1 to per- 
mit the use of 3.5 in the 8x1o engine. 

From the foregoing, the point of cutoff 
in the 8x8 engine will be at or about 3.2 
inches from the beginning of the stroke, 
to produce a mean effective pressure of 
99 pounds, with the assumed conditions. 


For the 8x1o engine the cutoff will occur ° 


2.86 inches from the _ be- 
ginning of the stroke to produce a mean 
effective pressure of 79.2 pounds. 


at or about 


The difference is 
3.2 — 2.86 = 0.34 
inch, and 


0.34 X 50 = I7 


cubic inches in favor of the 8&xIo en- 
gine, or 


17 X< S00 = S500 


cubic inches per minute, or 4.8 cubic feet 
of steam per minute, difference in favor 
of the 8x10 engine. 

Of course the foregoing figures are not 
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absolutely correct arithmetically, but they 
show the trend. I think there is hardly 
any doubt that the 8x1o will be the more 
economical engine and that William E. 
Snow, in the March 30 number, page 602, 
is correct in his findings. 
CHARLES J. MAson. 
Scranton, Penn. 





‘* Notice to Visitors” 


The ten notices to visitors in the April 
27 number, suggest the following: 

(1) Visitors are always welcome. 

(2) Please clean your shoes. 

(3) The engineer’s time is limited, but 
he will be glad to answer sensible ques- 
tions. 

(4) The engineer-in-charge delights in 
keeping this engine room clean; please do 
not spit on the floor. 

(5) Danger! Do not go near the en- 
gines, you are liable to get injured. 

(6) The engineer does not know it all; 
sensible suggestions are always considered. 

(7) If you do not know the engineer, 
make his acquaintance, you might find him 
interesting. 

(8) Do not touch any of the apparatus 
in this room; it is liable to cause the en- 
gineer much trouble, and may prove fatal 
to you. 

(9) The engineer’s duties are many; 
if he has no time to entertain you, don’t 
think he’s “stuck up.” 

(10) Call again. 

: L. EarLeE Brown. 
Ensley, Ala. 





Kerosene Oil in Boilers 


In Charles H. Taylor’s article, page 
807, May 4 number, concerning the use 
of kerosene oil in boilers, he states that if 
a boiler is excessively scaled there is 
danger in using kerosene oil, as it will 
undoubtedly find the weak places in the 
shell and tubes and is liable, in removing 
the scale, to start a leak. 

I believe that if a boiler is made tight 
with excessive scale it is about time that 
something were done to remove the scale 
and show up the leaks so that they can be 
repaired. I cannot see where the danger 
lies, as the condition of the boiler cer- 
tainly will not improve if the scale is al- 
lowed to remain. 

Mr. Taylor gives the vaporizing point 
of kerosene oil at from 118 to 122 de- 
while Mr. Durand, in the same 
issue, on page 806, gives it at 338 de- 
grees, and at the same time criticizes Mr. 
Mellon for stating that it vaporizes at 
150 degrees. Now who is right? Kent 
gives the temperature of distillation at 
338 degrees and the flashing point from 
100 to 122 degrees. 


grees, 


Louis B. Cart. 
Marshfield, Wis. 
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ome Useful Lessons of Limewater 


What Causes the Limelike Deposit on Boiler Tubes; How to Get 
Rid of It; Softening Permanent-Hardness Water; Interesting Tests 





BY 


As we begin this chapter on the uses of 
sulphuric acid, our attention is also called 
to the abuses of the acid and its salts; 
and this brings us square up against some 
of the problems and troubles of the fur- 
naceman in the first lesson. We recall 
that there are two kinds of hard water, 
and that one kind, the temporary-hardness, 
is caused by calcium bicarbonate or extra 
carbonate, in the water, which can be re- 
moved by simple heating when the plain 
carbonate of lime or calcium comes down; 
while the other kind of hardness, per- 
manent hardness, is caused by calcium 
sulphate, which is not removed from the 
water by simple heating, but stays in the 
water. 

The reason why this hard limelike layer 
gathers on the boiler tubes is that most 
of the water which goes into the boiler 
is evaporated off into steam, and the sul- 
phate of lime or calcium, which makes 
the water permanently hard, naturally 
goes out of solution, settling on the tubes 
as a hard and dense layer, which in 
many cases has to be literally chiseled off. 
We noted that this special kind of trouble 
can be removed in part by treating the 
water with some soluble carbonate, like 
soda carbonate, which down the 
lime as insoluble calcium carbonate, 
leaving the sulphuric-acid part still in the 
water, as soda sulphate, for example. 


throws 


CHEMICALS TO SOFTEN PERMANENT-HARD- 
NESS WATER 


Another way to get rid of this per- 
manent hardness, in part, is to treat the 
water with something like sodium oxalate, 
or sodium bichromate, each of which will 
precipitate the lime or calcium part of 
the hardness, leaving the sulphate part 
still in solution in the water, as_ salt 
of sodium. salts of sodium are 
soluble, and hence do not precipitate as 
crusts or layers on the boiler tubes. 

The statement is frequently made that 
these soluble salts of sodium left in, the 
boiler water do not hurt the boiler nor 
hinder the making of steam; and while 
this may be true in part, yet they can 
hardly be of any help in steaming, al- 
though the overcoming of the greater 
trouble of the hard sulphate-of-lime scale 
may more than offset the lesser trouble 
of still having the boiler water heavily 
charged with soluble salts of sodium. 
However, if the cost of the chemicals 
used to soften the permanent-hardness 
waters is not too great, no doubt there 
is great advantage in using them, for it 


These 


CHARLES 


2. 


merely means, in some cases, that the 
boiler must be blown off often enough 
to get rid of the salts accumulating in 
the water. You can see what this means 
by treating some of your hydrant water 
with a little dilute soda carbonate (wash- 
ing soda, or the like); that is, if the 
water happens to be of the permanent- 
hardness kind. 

After the lime part has settled out (or 
you can filter the calcium carbonate off, 
leaving the water perfectly clear), you can 
evaporate the solution down to dryness. 
Be sure not to use too strong a solution 
of soda carbonate, only just enough to 
leave the water barely alkaline; that is, 
so that it barely turns litmus paper blue. 
You will be interested to learn how 
little there is from the evap- 
oration of the softened water; the residue 
is, of course, sodium sulphate, if you used 
sodium carbonate to soften the water. 

But 
means to handle the tons of water which 
goes through the boiler every week. Sup- 
pose that you treated only a pint of water 
in your experiment; that is 
pound, roughly. Now suppose that you 
firing the for a_ fifty-horse- 
power steam engine. It is good practice 
twenty 
makes 


residue 


just stop and figure out what it 


about a 


are boiler 


horsepower-hour with 
That 
thousand pounds of dry steam every hour 
for your fifty-horsepower engine, or ten 
thousand pounds (five tons of water) 
every working day of ten hours. Now 
multiply the residue from your little pint 
of softened water by ten thousand and 
you will begin to get an idea of what it 
means to handle large quantities of hard 
water. Also, multiply the soda carbonate 
used to soften the pint of hard water by 
ten thousand, and will get 
notion of what it means to pay for the 
softening of water for a fifty-horsepower 
engine for one day. 

But the steam is not always dry, and 
there is much waste, and perhaps you are 
using rather more than twenty pounds of 
dry steam per horsepower-hour; and hence 
the question of the advisability of using 
this or that water softener, or, indeed, of 
using any water softener at all, comes up 
for consideration. 


to get a 


pounds of dry steam. one 


you some 


OTHER QUESTIONS TO BE CONSIDERED 


But there are several other questions 
which will come up for study in connec- 
tion with this subject of hard water. 
One is: What will one do if he has both 
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permanent hardness and temporary hard- 
handle at the time? An- 
What will one do if he has not 
salts of 


ness to same 
other is: 
the calcium to 
handle, but also the salts of magnesium 


with those of calcium? 


alone lime or 
These conditions 


are by no means and some- 
thing may have to be done when often it 
seems almost impossible to do anything. 
But the right way to look at troubles is 


that there is always some method of doing 


uncommon, 


the trick, if one will stay with the game 
and never give up until he has found out 
what is the circumstances. 
We will first take up the question of the 
both calcium carbonate 
sulphate in the same water. 

We will that you have made 
such a water as that just described. This 
can be made by making some of the solu- 
tion or 


best under 


presence of and 
suppose 
bicarbonate 


of lime or calcium; as by blowing into 
limewater until the plain carbonate first 


extra, or double or 


thrown down by the breath is redissolved, 
at least in part. 
ter, filter it to 
be well to 
which is 


Let this stand; or, bet- 
have it clear. It will 
test a little of water, 
temporary-hardness water, by 


this 


heating to see if you really have what 
will throw down the plain carbonate. Then 
make some permanent-hardness water by 
shaking up some plaster of paris, calcium 
sulphate, with water. Then stand and de- 
cant off the clear liquid; or you can filter 
it to be sure. 

Now mix the two, the solution of cal- 
cium bicarbonate or temporary-hardness 
water, and the calcium sul- 
phate or permanent-hardness water. If 


solution of 


there is any precipitate on mixing, let 
the until it is 
or you can filter it. 

have to make mix- 
Ferhaps you are unlucky enough 


mixture stand clear; 


Perhaps you 
do not such 
ture. 


to have an 


any 


abundant supply of this 
nuisance right at hand in the city hydrant 
water. Never mind; hold of 
trouble and let us see what can be done 
with it all. Of course, the first thing to 


be done with this mixture of temporary- 


take the 


hardness and permanent-hardness water in 
one is to get rid of the temporary-hard- 
ness part. This can be done, either by 
heating in the heater and settling 
or by Clark’s process, as described in 
one of the 


out, 


earlier lessons. 

Having got rid of the carbonate part of 
the lime, the sulphate 
part, using soda carbonate, as shown in 
the following reaction: 


go right on to 
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Caso, Na,Co, 
Calcium Sulphate f+) Soda Carbonate f 
Soluble Soluble 
Caco, Na,80, 
Calcium Carbonate f * Sodium Sulphate 
Insoluble l Soluble 


This soda carbonate will not only pre- 
cipitate the calcium from its sulphate, but 
it will also precipitate any other soluble 
salts of calcium which may happen to be 
present in the water; such as the chloride. 
The same solution of soda carbonate will 
also thrown down the magnesium salts 
which may happen to be in the water 
along with the calcium. Some of these 
magnesium salts may go down with the 
scale on the boiler tubes, and some of 
them may do a worse thing still, eat out 
the iron tubes themselves. You will see 
in a moment how it is that some of the 
salts of magnesium can eat out the iron 
of the tubes; but note that you have actual- 
ly removed the chief evil of having any 
of the lime settle on the boiler tubes from 
the mixture of both temporary- and per- 
manent-hardness water in one, and that 
is something to be thankful for. 


SuLtpuuric AcID IS VERY STRONG 


Now for the magnesium, and that brings 
us back to sulphuric acid. Sulphuric acid 
is a very strong acid, but it is not by 
any means the strongest acid. Thus, if 
you mix some soda with both sulphuric 
and muriatic (hydrochloric) acids, and 
evaporate the whole down to dryness, you 
will find that the sulphuric acid has driven 
off the hydrochloric acid, and thus the 
sulphuric acid seems to be the stronger; 
but this is not so, for the hydrochloric 
acid goes off simply because it 
volatile than the heavy and 
sulphuric acid, which takes a 
nearly that of molten solder to 


is more 
nonvolatile 
heat of 
drive it off. 
You will see what is meant if you stop 
to think that when two boxers meet in the 
ring, the stronger is not the one who can 
easily jump the ropes and quit the ring, 
but the man who stays in the field and 
does the most work for the same weight 
in the same time. So though the hydro- 
chloric acid is really the stronger, if kept 
ir the ring, yet his volatility gets away 


with his courage when he meets the 
heavier and more sluggish sulphuric acid; 
and so the. sulphuric acid seems the 
stronger. 


I shall later show something of the ways 
which are used in testing the comparative 
strengths of acids; but meanwhile we will 
look at the case of magnesium. If you 
take a bit of common salt and dissolve 
it in water, you can evaporate it down to 
dryness and still have the salt, ‘sodium 
chloride, just as it was at the start. If 
you dissolve some limestone in hydro- 
chloric acid, just enough acid barely to 
dissolve it, you can evaporate this down 
to dryness, and you will still have most 
of the calcium chloride with which you 
started, but not all; for, although all of 
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the calcium part of the calcium chloride 
is there in the saucer, yet a small part of 
the calcium is in the form of lime, cal- 
cium oxide, as you can prove by letting it 
stand in the air for some time, when it 
will slowly gain in weight, as the five 
or ten per cent. of the lime in the seem- 
ing calcium chloride takes on some car- 
bonic-acid gas from the air. 


MAGNESIUM CHLORIDE 


If you get some common magnesia and 
barely dissolve it in hydrochloric acid, 
you will have magesium chloride; and if 
you evaporate this solution down to dry- 
ness, you will not have pure mag- 
nesium chloride in the saucer, but largely 
magnesium oxide, or magnesia, just what 
you started with. This experiment is 
worth some trial and study, for it has 
much to do with the special question of 


waters which are hard with salts of 
magnesium. On the other hand, if you 


evaporate a solution of magnesium sul- 
phate, epsom salts, down to dryness, you 
will still have magnesium sulphate in 
the saucer; but if you evaporate a solution 
of magnesium chloride down to dryness 
you have some plain oxide of magnesia, 
MgO, in the saucer. 

You can prove that something of this 
sort is happening as you evaporate the 
solution of magnesium chloride down to 
dryness, both by holding a bit of blue 
litmus paper in the steam from the evap- 
orating solution, when the paper will turn 
red, showing that the volatile hydro- 
chloric acid is coming off. You can also 
readily smell the acid fumes from the 
evaporating solution. This is one of the 
facts to get clearly in mind about the 
chemistry of water hard with magnesium 
salts. We do not have many of these 
kinds of water in the eastern part of the 
country, but in the far West such waters 
do occur; and it is often a serious matter 
as to whether they can be treated economi- 
cally in any way. Of course, there is al- 
ways some way which is best under the 
circumstances. The point is that solu- 
tions of magnesium chloride (and mag- 
nesium bromide comes in the same list), 
when evaporated, act as though they were 
dilute solutions of hydrochloric acid, not 
very strong of course, but plenty strong 
enough to make trouble in time. Now the 
two great medicines for the treatment of 
such waters, as just shown, are lime 
and cheap soda carbonate; and both of 
these should be added, not at once, but 
in turn, and before the water is admitted 
to the boiler. 


TESTS FOR SULPHURIC AND HypDROCHLORIC 
Acips 


I shall have more to say about this ques- 
tion later; but meanwhile it will be con- 
venient to have some simple tests with 
which ‘to be on the lookout for both sul- 
phuric acid and hydrochloric acid. The 
best test for hydrochloric acid is silver 
nitrate. This you can make by dissolving 
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a silver dime in nitric acid. Of course, 
there are several other metals in the dime, 
put in to harden the silver, which would 
be otherwise much too soft to stand the 
wear and tear of daily handling. You 
can get around this by putting a piece of 
common sheet copper into the solution 
of silver nitrate, when you will see the 
silver come down on the copper in a 
beautiful crystalline form. This will take 
some hours to be thoroughly done; when 
all the silver is down on the copper, take 
out the copper, wash off the silver, say 
back into the tumbler, rinse off the silver 
several times with clean water to get rid 
of the copper solution, and then redis- 
solve the pure silver in a fresh supply of 
nitric acid. One thing you will want to 
note ts that the dissolving of metals in 
nitric acid should be done in the open 
air; or before the furnace door, where 
there is a good draft to carry away the 
poisonous brown “nitric fumes” from the 
action of the metal on the nitric acid. 
Do not breath these fumes. You can see 
that the metals are all chemically equiva- 
lent to hydrogen in some form; and as 
the metal acts on the acid, it reduces the 
acid if it can be easily reduced, as can 
nitric acid; and hence in this case we 
have the production of the fumes, which 
will be explained further as we come to 
nitric acid and the compounds of nitro- 
gen. 

This solution, from one dime, will last 
you a long time with careful use. It takes 
only a drop or two to test water; and 
though you can add enough to get the 
thick curd-like silver chloride, yet a 
single drop of the colorless solution of 
silver nitrate will give a distinct cloudi- 
ness in most common hydrant’ water. 
This white silver chloride will settle to 
the bottom of your test tube, and it will 
turn purplish gray in a few minutes, de- 
pending on the amount of light that strikes 
it; for you are close to photography when 
you use this test of silver nitrate with the 
chlorides. 

This white silver nitrate is 
soluble in ammonia, and it is 
brought back by reacidifying 
acid. Silver nitrate is test for 
soluble bromides, salts of hydrobromic 
acid, and for iodides, salts of hydriodic 
acid; but in the case of the bromides, 
silver bromide is yellowish, and is soluble 
with difficulty in ammonia; while in the 
case of the iodides, silver iodide is dis- 
tinctly yellow, and it is not soluble in 
ammonia. 

I shall consider the tests for sulphuric 
acid and soluble sulphates next time. 


readily 
readily 
with nitric 
also a 





Obituary 


James Bennett Forsyth, president and 
general manager of the Boston Belting 
Company, died at his home in Boston 
June 11. 
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Discussion on ‘Small Steam 


Turbines” 





Following is an abstract of a discus- 
sion presented by Charles B. Burleigh 
at the local Boston meeting of the A. S. 
M. E., on Friday, June 11, on George A. 
Orrok’s paper on “Small Steam Tur- 
bines,” presented at the Washington 
meeting of the society in May. Mr. Bur- 
leigh said: 

While this paper is extremely interest- 
ing as presenting comparative data on the 
different small turbines at present availa- 
ble, the details as given (with the excep- 
tion of the efficiency curves) are more 
general than specific. 

A careful examination and comparison 
of the water-rate curves presented in this 
paper is extremely interesting, particu- 
larly in view of the fact that the author 
states that these curves “have in 
cases been obtained from the 
turers.” 

It is unfortunate that the curves vary 
so widely in capacities and speeds that a 
complete comparison of all is not pos- 
sible, and it is also to be regretted that 
the paper does not state the normal rat- 
ing given to the machines to which the 
different curves apply, or which of the 
speeds is their commercial standard; but 
nevertheless, I have attempted to com- 
pare such as are closely similar with a 
view to determining as closely as pos- 
sible the relative efficiencies of the dif- 
ferent types. 

For instance, the Terry curve (Fig. 25) 
gives a water rate of 57 pounds per brake 


most 
manufac- 


horsepower at 2350 revolutions per min-~ 


ute, at 150 pounds gage pressure when 
developing 25 horsepower. 

The Sturtevant curve (Fig. 26) shows 
a water rate of 61 pounds at 2400 revolu- 
tions at 121 pounds pressure when de- 
veloping the same output; therefore ac- 
cording to these figures the Sturtevant 
turbine is 7 per cent. less efficient than 
the Terry, but I am inclined to feel that 
this is rather unjust to the Terry ma- 
chine, for I should infer from the Sturte- 
vant curve that 25 horsepower repre- 
sented maximum load, or its most efficient 
point, while the inference would 
lead one to infer that the 25-horsepower 
point on the Terry curve represented less 
than half load, or practically its most in- 
efficient point; and as the Sturtevant 
curve shows this machine to be some 16 
per cent. less efficient at half load than 
at full load, and the Terry curve shows 
this machine to be some 22 per cent. 
more efficient at full load than at half 
load, it is safe to infer that the Terry 
machine on general principles is much 
more efficient than the Sturtevant. 

The same Terry curve shows that when 
developing 60 horsepower the water rate 
is 44 pounds. The Bliss curve (Fig. 27) 
at the same output, 2400 revolutions, is 
55 pounds. The Kerr curve (Fig. 31) 


same 
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at 2800 revolutions and 175 pounds pres- 
sure and 60 horsepower output shows a 
water rate of 52 pounds. The Curtis 
curve (Fig. 28) at 2400 revolutions, 150 
pounds pressure and 60 horsepower shows 
a water rate of 40 pounds; therefore, ac- 
cording to these figures the efficiencies 
rank: Curtis, 40; Terry, 44; Kerr, 52; 
Bliss, 55; and this allowing Kerr 15 
pounds higher pressure and 400 revolu- 
tions higher speed. 

On the same basis, allowing the Curtis 
turbine its standard designed speed of 
3600 revolutions, the water rate of its 
The 
Terry turbine is more than 18 per cent. 
more efficient than 
cent. more efficient 


curve is shown to be 31 pounds. 


the Kerr and 25 per 
than the Bliss. The 
Curtis at the same speed is 10 per cent. 
more efficient than the Terry and more 
than 25 per cent. more efficient than the 
average of the three and, at standard de- 
signed speed, 42 per cent. more efficient 
than the Terry and 62 per cent. more 
efficient than the average of the three at 
60 horsepower output. 

Comparing the Bliss curve (Fig. 
at 120 horsepower, 2600 revolutions, 
Kerr curve (Fig. 31) at 175 pounds, 
horsepower, 2000 revolutions, the 
Curtis curve (Fig. 29) at 150 pounds, 
2000 revolutions and 150 horsepower, we 
note the water rates as follows: 
pounds; Kerr, 41 
pounds. 


27) 
the 
159 
and 


Bliss, 40 
pounds; Curtis, 29 

These figures tend to show that the 
Bliss and Kerr are not widely different, 
but that the Curtis is some 4o per cent. 
more efficient at 150 horsepower output. 
These curves, therefore, would tend to 
show that the efficiencies of the Terry, 
Kerr and Bliss turbines. were not widely 
different, and that the small Curtis tur- 
bine is in a class by itself, some 4o per 
cent. more efficient than any of the other 
types. 

It is to be regretted that the author 
was unable to present efficiency curves of 
the other turbines described. 

The paper credits the De Laval and 
Curtis types each with 70,000 horsepower 
of turbines in commercial 
eperation,” and also states that the first 
De Laval turbines were “introduced into 


“successful 


this country about 1&c6.” The = small 
Curtis turbine was not introduced until 
some 10 years later. 

As this capacity includes the small 


Curtis units used for all purposes, it. is 
reasonable to assume that it also covers 
all applications of the De Laval machine, 
and this latter machine has been ex- 
tensively used for driving pumps, blow- 
ers or other high-speed rotary machinery, 
while at least 90 per cent. of the small 
Curtis units in service are operating 
generators for lighting or driving indus- 
trial establishments, for which reason 
they have all been sold in competition 
with the highest-grade and most efficient 
reciprocating units. 

While the Curtis turbine is eminently 
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well adapted for driving centrifugal 
pumps, air compressors and exhausters 
and other high-speed rotary machinery, it 
has not as yet invaded this field to any 
great extent, due largely to the fact that 
its manufacturers are more. familiar with 
and have better facilities for making their 
initial bow to the commercial electrical 
field than to the mechanical, and it must 
be admitted that 70,000 horsepower in 
less than five years is a very profound 
bow. 
Further than this (with apologies to 
the public who find it necessary to oper- 
ate pumps and blowers), it is the excep- 
tion rather than the refine- 
ments are considered as warranting any 
increase in 


rule, where 
investment or efficiency is 
seriously considered in the purchase of 
this class of machinery. 

It is interesting to note from the paper 
that the buckets used in the De Laval, 
Terry, Dake, Bliss, Sturtevant and Kerr 
turbines are of steel, some cast and others 
milled. Originally the Curtis buckets 
were milled in the wheel peripheries, but 
experience has demonstrated the fact that 
steel buckets far from ideal where 
any perceptible moisture is present i the 


are 


steam, for wet steam will wear steel tur- 
bine buckets. 

The liability of operation under wet- 
steam conditions is much more common 
in connection with the use of small steam 
units than with large ones, as superheat- 
ers are seldom, if ever, installed in small 
plants, pipes are seldom covered and long 
steam mains are usual. For this reason 
the use of steel buckets in the Curtis tur- 
bine was abandoned some years ago, and 
all turbines from the smallest to the 
largest are fitted with composition buck- 
ets, upon which many years of use, with 
wet steam, has no appreciable effect. 

The paper that the Sturtevant, 
Bliss and Curtis machines are provided 
with an 


states 
emergency governor. It would 
be rather interesting to learn if the Terry, 
Dake and Kerr turbines are not similarly 
equipped. I should be rather surprised 
to learn that they were not, and if not 
should feel it to be a serious handicap 
against their successful introduction. 

The author emphasizes the reliability 
of this type of prime mover, which to 
my mind is its principal excuse for exist- 
ence, which is greatly enhanced by its 
simplicity. These characteristics of the 
impulse steam turbine are practically ad- 
mitted by its worst enemies, as in these 
particulars it is almost identical with the 
hydraulic turbine which, previous to the 
commercial development of the steam 
turbine, stood alone as the simplest power- 
producing prime mover. 

I want to call attention to the statement 
to the effect that “in none of these ma- 
chines is clearance an important factor.” 

This is characteristic of the nozzle- 
expanding impulse turbine regardless of 
size, and is due to the fact that in this 
type of machine all 


steam admitted 
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through and expanded by the nozzle or 
nozzles, on entering the machine or any 
stage of it, is of a pressure correspond- 
ing to that of the stage into which it is 
admitted; therefore, the atmosphere sur- 
rounding the buckets is of a given den- 
sity at all points, and consequently there 
is no tendency for the admitted steam 
which has been given direction by the ex- 
panding nozzle to change its course and 
escape into an atmosphere of its own 
density. 

This calls to mind another feature of 
the small-turbine situation, which is 
brought prominently to notice by this 
paper, and that is the entire absence of 
any development of the so-called reaction 
type of turbine in the small sizes. There 
are good and sufficient reasons for this, 
but as this type of turbine is not men- 
tioned in the paper they cannot properly 
be made a part of this discussion. 

In closing, I wish to comment in a 
friendly way on the author’s implication 
that the small turbine is less efficient than 
the high-speed steam engine, where he 
says: “The field of the small steam tur- 
bine is somewhat narrow when compared 
with the high-speed steam engine. The 
small turbine has its place, however, and 
with the development of a more economi- 
cal machine at lower speed ranges, will 
have a much wider field.” 

I will readily admit that its present 
speed characteristics limit its field in com- 
parison with the high-speed engine to the 
extent of the mechanical application of 
its output; but will not admit that the 
present efficiency of the Curtis type in 
any way limits its field in comparison 
with the high-speed engine, nor do I 
think the author intended to be so under- 
stood; but to obviate any possibility of 
error I will call your attention to a paper 
presented by Messrs. Dean and Wood be- 
fore this society last June, at the Detroit 
meeting, and the discussion which fol- 
lowed by Messrs. Young and Treat, de- 
tailing the results obtained from water- 
rate tests of some fourteen high-grade, 
of different design 
and manufacture, which had been in ser+ 
vice three months or longer. 


high-speed engines 


As these water rates were given on the 
indicated horsepower and on the kilowatt 
basis, I have allowed 5 per cent. for fric- 
tion in each «se, facilitate a com- 
parison on a brake-horsepower basis, in 
accordance with the curves forming a 
part of this paper. 


to 


Mr. Dean’s figures are as follows: 


[> No. 1 No.2 No.3 No.4 
Capacity ...... 150 h.p. 150 h.p. 140 h.p. 160 h.p. 
Water rate..... 30.45 37.7 33.6 39.5 


Mr. Wood's figures are as follows: 


RIN 345 fares e.g. cericas ins) ai A B Cc 
Capacity. .............250h.p. 130 h.p. 100 h.p. 
WOMGOE TANG 5.05 hccewses OL 35.2 35.8 


Mr. Young’s figures are as follows: 
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See atre erry See eRe 2 No. 
I dns ce ia RKC and gate as Ga cle bie 70h 
IE 50nd gnacerc:kvaisd Saritvoe cok ake eeed 48 
Mr. Treat’s figures were as follows: 
NS re hake a sd a vaterKajbin aa ia eee ees No. 1 
I 6 kan hiv wsandenen eta 30 h.p 
NTI S55 oa Kats a kev csi dle wre Weacanees 43 


Compare the foregoing water rates per 


horsepower with the curves of standard. 


Curtis turbines, as shown by the curves in 
Figs. 28 and 29 of this paper. 

To assist in this comparison I have 
tabulated the results, placing the turbine 
water rate under the water rate of the 
corresponding capacity of engine and we 
have: 


Horsepower.. 28 30 3045 £70 
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No.2 No.3 No. 4 No. 5 No. 6 
30 h.p. 28h.p. 130h.p. 123h.p. 45 h.p. 
39.9 37.8 36.3 33.2 31.9 
himself of it to profit thereby. He says 
in part: 


“We have a 50-horsepower automatic 
engine, operated at 200 revolutions per 
minute, driving a 35-kilowatt compound- 
wound generator, which we use in con- 
nection with our 35-kilowatt turbine. We 
have made tests running the turbine and 
engine on alternate nights, off the same 
boiler and under the same conditions of 
load, steam pressure and exhaust, and find 
that for the same run and load the engine 
set requires 1500 pounds of coal, against 


: 100 123 130 130 140 150 150 160 250 
Engine water 
rer 37.8 39.9 43 31.9 48.3 35.8 33.2 36.3 35.2 33.6 30.45 37.7 39.5 31 
Curtis water 
ae 41 41 32 31 30 30 30 30 29 29 29 29 29 
It will be noted from the foregoing that 900 pounds for the Curtis turbine, or a 


on the smallest sizes it has been neces- 
sary to compare the half-load water rates 
of the turbine with the full-load water 
rate of the engine, for the reason that the 
smallest Curtis curve in the paper is 65- 
horsepower, but even under these condi- 
tions the average of the four smaller 
engines at full load is only 085 of a 
pound better than the half-load water 
rate of the turbine. 

From this point up we have an exact 
comparison and at no point does the en- 
gine water rate begin to compare with 
that of the turbine. The nearest approach 
is at 150 horsepower, and here the tur- 
bine is 5 per cent. better and the widest 
margin at 160 horsepower, where the tur- 
bine is 36 per cent. better, while the 
average from 70 to 250 horsepower shows 
the turbine to be per cent. more 
efficient than the engine. 

But it may be said that these curves 
were obtained from the manufacturers 
and apply to new machines, while the en- 
gines were tested in service and had been 
in use for some time. This enables me 
to bring to notice the fact that the engine 
deteriorates with wear while the turbine 
does not, and it is the day-in-and-day-out 
water rate in which we are interested and 
not the builder’s guarantee on the new 
machine. 

The Curtis turbine does not fall off in 
efficiency due to long service, nor is its 
efficiency affected by adjustments, and in 
this connection I will refer to a statement 
made by Prof. R. C. Carpenter in dis- 
cussing this paper at the time it was 
presented before the association at Wash- 
Teton, in which he said that he had 
tested a 75-kilowatt €urtis turbine which 
had been in service some 7000 hours and 
the results were not materially different 
from the results obtained on a new ma- 
chine of the same capacity and design. 

It is extremely rare that an opportunity 
is offered for procuring reliable data on 
different types of apparatus operated un- 
der identically similar conditions. I may, 
therefore, he pardoned for quoting from 
a letter recently received from a gentle- 
man who kad this opportunity and availed 


22 
“se 





Saving in coal in favor of the turbine of 
about 40 per cent.” 

From the foregoing I am inclined to 
feel I may be excused for not admitting 
that the present efficiency of the small 
Curtis turbine in any way limits its field 
in comparison with the high-speed engine 
or other types of turbine. 





Convention of the American Water 
Works Association 





Occupying the entire week between 
June 7 and 12, the sessions of this, the 
twenty-ninth annual convention of the 
American Water Works Association, em- 
braced every phase of the problem of sup- 
plying water to cities. Scientists, me- 
chanical engineers and men skilled in 
every department of such work were 
present, and read papers of educational 
and technical value, making this one of 
the most successful meetings of the as- 
sociation. The convention, which was 
held at Milwaukee, Wis., was opened in 
the Plankington house Monday afternoon. 


‘Mayor D. S. Rose had been scheduled 


for the address of welcome, but he was 
called out of town, Assistant City 
Attorney Clinton G. Price extended the 
keys of the city to the visitors. Presi- 
dent French then read his annual address, 
after which the session adjourned until 
the following day. 

Business was transacted promptly, and 
strictly according to schedule, this being 
made necessary by the large number of 
papers that had been prepared. The char- 
acter and scope of them may be judged 
by the following list of titles and authors: 

“Valuation of Water Power and Di- 
version Damages,” by Robert €. Horten. 

“Hypochloride of Lime.on Mechanical 
and Slow Sand Filters,” by A. E. Walden. 

“Test and Notes on Gas Producer 
Pumping Plant,” by J. R. Fitzpatrick. 
“Fire Losses,” by H. W. Wilson. 
“Growth in Water Mains,” by 

Smith. 


so 


Erastus 


G. 
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“Sterilization of Water at Boonton Res- 
ervoir,” by George W. Fuller. 

“Sterilization of Jersey City Water,” by 
Dr. J. L. Leal. 

“Notes ‘Sterilization and Cost 
Treatment,” by George A. Johnson. 

“An Attempt to Annual a Perpetual 
Charter,” by James R. Fitzpatrick. 

“Liability of Water Companies for Fire 
Losses,” by Chester R. McFarland. 

“The Wisconsin Utility Bill,” by C. B. 
Salmon. 

“Notes on Going Valve and Methods 
by which It may be Completed,” by John 
W. Alvord. 


of 


on 


“Development of Water Supply at 
Superior, Wis., by William C. Louns- 
bury. 


“The Maidstone Epidemic,” by William 
P. Mason. 

“A Typhoid Epidemic Due to Milk,” 

Erastus G. Smith. 

“The Sanitary Condition of the South- 
ern End of Lake Michigan,” by J. Her- 
bert Brewster. 

“The Acquisition by New York City, 
of the Larger Two Water Systems of 
Staten Island,” by Louis L. Tribus. 

“Municipal Ownership of Public Utili- 
ties,’ by E. MacLean. 

“Concrete in Water Works Construc- 
tron,” by William Curtis Maybee. 

Thursday devoted to 
boiler-room economics and allied subjects. 


by 


was papers on 
These papers were of special interest to 
engineers, as the questions were those di- 
rectly affecting the operation of the plant 
from a dollars-and-cents standpoint. 
Among the papers presented in thie di- 
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vision were: “Coal for Hand-fired Steam 
Plants,” by D. T. Randall; “The Use and 


Abuse of Fuels,” by H. M. Wilson; 
“Smoke and Smoke Prevention,” by 
Profs. L. P. Breckenridge and K. G. 


Smith; “Buying Fuel by Test,” by E. W. 
3emis and C. F. Schultz; “The Purchase 
of Coal upon Heat Value Contract,” by 
Edward H. Taylor; “Chemical Data as 
Related to the Prof. 
S:. Wi Parr. 

These papers discussed questions re- 
lating to the fuel which enters into the 
cost of operation of water-works systems 
as one of the first and most important 
expense items; which with 
proper management, be reduced consider- 
ably in the majority 


Power Plant,” by 


one may, 


of plants. 
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of boiler for different condi- 
tions, etc., was outlined; “Superheating 
for Duty,” by Ernest H. and 
“Test of Pumping Engines with and with- 
out Superheating Steam,” by John Prim- 
the latter being 
gether by Mr. Primrose. 
Much detailed information 


pressures, 


Foster, 


rose, two treated to- 
on the prac- 
tical operation of plants and the cost of 
pumping water was contained in George 
G. Kennedy’s contribution, “Boiler Equip- 
ment, Practice and Results at the Pump- 
ing Station of Harrisburg, Penn.” “Boil- 
er Room Symposium,” by J. M. Whitham, 
in the absence of the author, was read by 
Secretary Divan, and in a paper entitled 
“Practical Coal Handling for Pumping 
Stations,” by S. Bent Russell, this neces- 





WORKS ASSOCIATION CONVENTION, 


Another group of papers took up boil- 
er feed water under the headings: “Boil- 
er Water Treatment and Its Saving,” by 
Marshall Miller; “Water 
Treatment for Power Plant 
by William Miller Booth; “The Boiler 
Water,” by Much of 


interest and value was developed from the 


Supply and 


Purposes,” 
Edward Bartow. 


reading aid discussion of these papers. 
“Milwaukee Pumping Engines” was the 


subject of a paper by Cornelius T. 
Meyers, outlining the history of the 
city water-works pumping equipment and 


of valuable 


test data on the remarkably efficient re- 


containing a large amount 

sults being obtained there. 
Other papers of interest were 

John 


: “Modern 
W. Hill, in 
which the construction of boilers for use 


Boiler Practice,” by 
in high-duty pumping stations was taken 
up, and the desirability of different types 
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sary part of the power-house equipment 
was analyzed. 

Officers for the ensuing year are: 
W. P. Mason, Troy, N. 
Alexander Milne, St. 
first vice-president; 


Dr. 
Y., president; 

Catherines, Ont., 
John W.. Alvord, 
Chicago, Ill., second vice-president ; Dow 
R. Gwinn, Terre Haute, Ind., third vice- 
president; R. J. Mass., 
fourth vice-president; J. A. Har- 
M. 


secretary-treas- 


Lowell, 
\ fleet, 
risburg, Penn., nfth vice-president; J. 
Divan, Charleston, S. C., 


Thomas, 


urer. 

Of the Water Works Manufacturers’ 
Association, the officers for 1999 are: 
Dennis F. O’Brien, Newark, N. J., presi- 


dent: Fred A. Smith, New York, N. Y., 
vice president ; Robert E. Milligan, New 
York, N. Y., secretary-treasurer. 

New Orleans was chosen as the next 


place of meeting. 
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What is the Maximum Bearing 
Pressure -in Compound 
Engines ? 





The following question is exercising 
the drafting-room corps of a prominent 
engine factory: “Assuming a_ certain 
initial pressure of, say, one hundred and 
fifty pounds as applied to a simple en- 
gine, the diameter of cylinder and the 
dimensions of bearings, pins, etc., being 
designed for this pressure, what area of 
cylinder would be permissible in a tan- 
dem or cross-compound engine using the 
same bearing and pin dimensions?” 

That is to say, if the engine were sim- 
ple, the pins, bearings, etc., would have 
to be designed to sustain a pressure upon 
the piston of one hundred and _ fifty 
pounds per square inch, but if it were a 
compound, this initial pressure would be 
neutralized in part by the receiver pres- 
sure; but again there is the receiver pres- 
sure acting upon the whole area of the 
low-pressure cylinder. It is a pretty sub- 
ject for discussion, and we shall be glad 
to have our correspondents take it up. 





As to Books 


A book that would tell the reader how 
to locate a thump in an engine, deter- 
mine the efficiency of a tungsten lamp, re- 
wind an obsolete type of are light dyna- 
mo, analyze boiler feed water, learn all 
about alternating currents and _ locate 
trouble in a balky gas engine would “fill 
a long-felt want.” We receive almost 
daily requests for a small manual of some 
such modest range, written in plain 
English, without any mathematics; and 
we wish somebody would publish one or 
send us the manuscript and let us pub- 
lish it. Of course, there are many hand- 
books covering a wide range, such as 
Kent, Suplee, Tulley, etc., but these don’t 
quite reach. 
or the treatment too scientific, the range 
is too low or the information is not given 
in sufficient detail. What is needed is a 
book that will tell a man anything he 
wants to about any engineering 
subject, in a plain, practical way. 

Of course, dear readers, you recognize 
that this is more or less of a joke, but 
we assure you in dead earnest that we 
really asked to 


know 


recommend books 
just as impossible as the imaginary one 
described in the preceding paragraph. 
Now, we don’t mind in the least receiving 
and answering letters like that; the only 
thing about it that worries us is that 
we can’t do what we are asked to do. 
Books on engineering are necessarily of 
two kinds: one treating a single branch 
or subject very fully and the other cover- 
ing a wide range of subjects in very con- 
densed style. A book written in ele- 


are 


mentary style, without any formulas, can- 


If the price isn’t too high’ 
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not deal thoroughly with a dozen branch- 
es of engineering; it would take several 
volumes about the size of the Century 
Dictionary to do that. Consequently, a 
general handbook covering a wide range 
must be limited to stating fundamental 
facts, without attempting complete ex- 
planations of principles or practical work- 
ing instructions, and formulas must be 
used to save space. 

Every engineer, no matter how small 
a job he is filling now, should have a 
little library of books dealing with all 
the subjects that relate in any way to 
his work. The library should include 
ene or two good handbooks, for quick 
reference, but there should be at least 
half a dozen other books, each devoted 
to one branch or subject and covering 
that branch or subject very thoroughly. 
If you are shaky on simple mathematics, 
a good arithmetic and a very elementary 
algebra should occupy prominent places 
cn,the bookshelf. If you get stuck, write 
to us and we'll help you over the stump 
if we can, but don’t turn up your nose at 
formulas or get discouraged as soon as 
you meet one; the road to success is a 
whole lot rockier without them than if 
you can use them. And don’t forget 
that you can’t learn much about a great 
many subjects from any single book. 





Proper Distribution of Draft 


If a boiler plant consisting of six boil- 
ers, of the same capacity, and with each 
boiler equipped with an individual stack, 
all the stacks being of the same diameter 
and of suitable area, but varying in hight 
from one: hundred and fifty feet for the 
highest down to twenty-five feet, any 
engineer would at once condemn the lay- 
out and think it absurd that a design of 
this kind should However, we 
believe we are safe in saying that there 
hundreds of plants 
under similar conditions, 
gineer in charge giving 
slightest thought. 

It is rare that a plant consisting of a 
number of boilers has an individual stack 
for each boiler, but conditions approxi- 
mating those just stated are frequently 
obtained in plants where several boilers 
are supplied by a single stack. Movement 
of flue gas is obtained by very small dif- 
ferences in pressure, and it is greatly af- 
fected by the slightest variations in size, 
shape or direction of the flue passages 
and the method of discharging currents 
from individual boilers into the main con- 
nection, or any condition tending to form 
eddies or pockets in the flue. On account 
of this sensitiveness, it is practically im- 
possible to design a breeching or con- 
nections that will give each boiler exactly 
the same amount of draft. Individual 
dampers are generally supplied with each 
boiler, so that those which have the freest 


exist. 
are being operated 
without the en- 
the matter the 
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draft may be choked down, while the 
others are opened up and in this way the 
draft at the grate may be made the same 
on all the boilers. 

A simple means of determining when 
the draft is equalized, is to note if the 
same amount Of coal can be burned per 
square foot of grate under each boiler, 
and when this condition is obtained the 
position of the individual dampers can be 
marked, so that they may be kept set at 
these points while the boilers are in op- 
eration; the drafts in the furnaces can 
also be measured by the use of an or- 
dinary draft gage, and the proper damper 
adjustments made. 

Often a supposed lack of boiler ca- 
pacity is merely the improper distribu- 
tion of the load between existing boilers, 
and if you need more steam, be sure 
that none of your boilers are “soldiering” 
on account of poor draft distribution. 





Engine Room Ignorance 


If you were.told the truth about your- 
self, the probabilities are that it would 
not be gratifying. No one sees himself 
as others see him, hence the jolt when 
brought face to face with the real facts 
of the individual case. There is no use 
beating about the bush; but rather come 
out into the open and make observations 
of your own condition as well as that of 
others. 

The question of technical versus practi- 
cal knowledge has been discussed again 
and again, but assuming that the engineer 
is fortunate enough to have acquired 
knowledge in both schools, one is com- 
pelled to admit that there are many 
things about the engine room of which 
he is even then ignorant. When either 
the technical or practical experience is 
lacking, this ignorance must be greatly 
increased in either one or the other branch 
of engineering science. 

This ignorance in the engine room is 


the result of several conditions, none 
of which is unsurmountable. 
The most common excuses for not 


knowing things are: “I don’t have time 
to read,” “I never had an opportunity to 
obtain an education,” “When I have 
worked twelve hours in a hot, dirty, ill- 
ventilated engine room, I don’t feel that 
I owe my employer any more of my time 
—time spent for his benefit that he will 
never pay me for,’ and so on. 

Such excuses are entirely in error. You 
do have time to read, you have had an 
opportunity to obtain an education, for 
you have it now, and your employer will 
pay you for the time you spend in digging 
into the whys and wherefores of things; 
but even suppose he refuses to do so, 
there’are others who will not. 

Most engineers know that the informa- 
tion regarding engineering matters, as 
understood by the average engineer is 
a long way from being complete. If 
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this were not so, the educational work in 
the various ogranizations not only would 
not be continued, but would never have 
been instituted. In a large number of 
instances the leaders of such organizations 
are more watchtul of the engineer's con- 
dition than he is himself, because of the 
thousands of stationary engineers in the 
United States, but a small percentage of 
them are visibly interested in either the 
betterment of themselves or their fellow 
workmen. 

There. are no two ways about it, the 
engineer is either forging ahead or fall- 
ing behind. The following aptly illustrates 
this fact: In a certain steam plant the 
engineer in charge somehow or other 
labored under the delusion that he knew 
enough to hold his position with his com- 
pany without any more knowledge than he 
then possessed. Result—something hap- 
pened of a nature which showed that he 
was not of sufficient caliber to handle 
the job, and he was assigned to a place 
in the fire room, whither he went, not 
with the best possible grace, perhaps, but 


he went, nevertheless. This was a case 
of going backward, but who was to 
blame? Just one instance of lost op- 


portunity with none to blame but “self.” 

In the same plant was another man, 
employed as electrician, who knew he 
did not know a good many things about 
engineering, “but wanted to know. Re- 
sult—he read, and studied engineering 
subjects, and when the regular engineer 
“fell down,” he was placed in charge. of 
the plant, with his former chief in the 
fire room. Just an instance of being ready 
for the opportunity, with credit to no one 
but himself. 

Which man do you believe pursued the 
right course, which man was the one to 
pattern after, which man forced his em- 
ployer to recognize his ability, and how 
would you have liked to have been in 
the engineer’s place? 

Easy to answer, easy to’ understand, 
easy to see the benefit of knowledge, and 
an easy matter to decide as to your own 
attitude. 





Peat in the United States 





The followirig has recently been issued 
by the United States Geological Survey: 

A number of cities and towns in the 
United States may obtain their light, heat 
and power direct from peat bogs in the 
near future. The statement is made by 
Federal experts that millions of dollars 
worth of fuel lies undeveloped in the 
swamps and bogs of the country, await- 
ing only the genius and business ability 
of the American before it drives the 
wheels of progress. Its value, on a basis 
of $3 a ton, roughly guessed at by ex- 
perts of the Geological Survey; who have 
been studying the peat deposits for some 
time, is more than thirty-eight billion 
dollars—more money than is represented 


Ei73 


in all the property, stock, implements am 
buildings owned by the farmers of the 
United States. 

With the coal supply being used at. za 
tremendous rate peat is expected to be- 
come a most important auxiliary fuel amdl 
one that will prolong the life of the coal 
itself. An important fact which leads 
the experts to believe that peat will soom 
come into quite general use in certaim 
parts of the country is that it is as a role 
found in quantities in regions far me 
moved froin the coal fields, so far that the: 
cost of transporting the coal amounts ft 
several times the cost of the fuel itselif 
at the mines. 

The States containing the greatest 
amount of peat are the eastern Dakotas, 
Minnesota, Wisconsin, Michigan, northerm 
lowa, Lllinois, Indiana, Ohio, New Yortx, 
the New England States, New Jersey, 
portions of Virginia, North and South: 
Carolina, Georgia and Florida. 

A thorough investigation of the peat 
resources is now being undertaken by the 
Geological Survey, not only as to the 
amount of peat and its location, but ales 
its use. Prof. Charles A. Davis of the 
technologic branch, has general charge 
of the investigations. 

Professor Davis, who has just issuedl 
jointly with Edson A. Bastin a bullets 
on peat, is optimistic on the future of 
peat, yet he believes the development of 
the industry should be accompanied by 
great caution. 

“The operation of 
experiment plant on 
tests has shown that 


a gas engine at the 
peat in one or twe 
this fuel is but little 
inferior to many grades of soft coal nowr 
on the market and superior to some i 
the quantity of power gas produced,” says 
Professor Davis. “I believe the day i 
coming when cities located near 
the peat bogs and away from the coal 
fields will obtain their power and light 
from peat. I understand that Florida ts 
to have a power plant soon that will use 
peat as fuel and will transmit the elec 
tricity to Jacksonville. 

“In the development of this industry, 
however, it must be remembered that 
peat contains from 85 to 90 per cené 
water as it comes from the bogs. All 
but 15 or 20 per cent. can be dried out 
by exposure of the peat to the air. Yer 
burning peat in gas producers to make 
power gas, this peat will burn success- 
fully with 40 per cent. moisture, which i 
impossible in a furnace. 

“The burning of peat for power, heak 
or light is but one of its many uses. The 
byproducts of great value include cole, 
illuminating oils, lubricating oils, paraffim 
wax, phenol, asphalt, wood alcohol, acetic 
acid, ammonium sulphate and combustible 
gases of good fuel value. If used for fuel 
gas there is enough nitrogen stored in the 
peat resources of the country to supply 
six hundred and forty-four million tons 
with a value of thirty-six billion dollars. 
in addition to the gas. 
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Power Plant Machinery and Appliances 


Original Descriptions 
Manufacturers’ 


No 


Cuts 


or 


of Power 
Write-ups 


Devices 


Used 





MUST BE NEW OR 


The Marion Flue Blower 





The blower illustrated herewith is a 
permanent fixture in the rear wall of the 


existing conditions of coniwvustion space, 
firewall, etc., in the different boiler set- 
tings, a nozzle being furnished which will 
insure the steam reaching all tubes. This 
blower is manufactured by the Marion 
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FIG, I. 


CONSTRUCTION OF CAP 
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FIG, 2. 


boiler setting and blows the soot in the 
direction of the draft, out through the 
chimney, cleaning the boiler while in com- 
mission, without reducing the steam 
pressure. 

The feature of the device is the rotat- 
sometimes 
four, openings, according to the size of 
the boiler; these openings all pointing to 
a different section of the tube sheet. On 
the base of the nozzle casting is a flat 


ing nozzle which’ has_ three, 


valve seat on which a disk with one open- 


ing is held by the steam pressure. The 
disk may be rotated by a valve stem 
attached to the indicator on the hand- 


wheel, as shown in Fig. 1, and thus each 
nozzle opening may be blown in turn. As 
the nozzle is rotated while each opening 
is being blown, all of the boiler tubes are 
cleaned. 

Fig. 1 shows the heavy cast-iron cap 
which protects the nozzle from the fire, 
Fig. 2 shows the parts, and Fig. 3 shows 
the blower installed. It is located op- 
posite the center of the tube space, but 
not in the center of the boiler, and each 
one is constructed especially to fit the 


SHOWING THE PARTS 


INTERESTING 


Machine, Foundry and Supply Company, 
Marion, Ind. 





The ‘Neverust’”” Exhaust Head 





The “Neverust” exhaust head, which is 
manufactured by Franklin Williams, 39 
Cortlandt street, New York City, is novel 
as regards its manner of construction and 
the materials used. It is made entirely of 
copper and cast iron, which permits of 
making it of large size, due to the fact 
that owing to its lightness, it can be made 
of heavy gage copper and still combine 
strength and efficiency. 

The base is composed of a cast-iron 
casting to which the copper shell is 
riveted. It will be seen from the illustra- 
tion that directly over the opening at the 
bottom of the head is a cast-iron baffle 
plate, cast solid with the base of the 
head. 
ner 


To this baffle plate is riveted an in- 
sheil, which in turn supports the 
outlet shell of the exhaust head, which 
having a turned edge at the top laps over 
the turned edge of the piece forming the 
top of the head proper. This 
in turn fits into the turned edge of the 
outer shell, thus forming the top of the 
exhaust head. , 


exhaust 














FIG. 3. 











“MARION” BLOWER IN OPERATION 
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A drain runs from the top of the ex- 
haust head to the upper side of the baffle 
plate, which is connected to the atmos- 
phere by means of the drain as shown, 
thus thoroughly draining the head from 
all accumulation of condensed steam. The 
construction of the head is most rigid 
and thorough. The passage of the steam 
as it goes to the head takes the course 
indicated by the dotted lines. Owing to 
the fact that the base of the head is ex- 
tended upward at A, the steam current 
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“NEVERUST” EXHAUST HEAD 


will not cut it away at this point, and as 
the steam expands at the top of the head, 
there is no tendency to cut at that point. 





The “Success” Boiler Compound 
Feeder 





The “Success” boiler compound feeder 
is manufactured by the Cunningham 


30iler Specialty Company, Detroit, Mich. 
this 


Three views of device shown 


are 
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herewith. As the name implies, this feed- 
er is for the purpose of feeding boiler 
compound to a boiler. It feeds the exact 
amount required and does it with ‘every 
stroke of the feed pump. The “Success” 
feeder is actuated by the boiler-feed pump 
and consequently when less water is being 
pumped to the boilers less compound is 
used, and the proportions of the neutraliz- 
ing agent and feed water remain the 
same. 

It is fitted with a glass measuring re- 
ceptacle which permits the attendant to 
see and regulate the amount of boiler 
compound admitted and delivered to the 
boiler. No valves are employed, save one, 
which is a three-way plug. A duplex 
ratchet is used to actuate the plug which 
is designed to insure a slow and positive 
movement. 





Boston A. S. M. E. Meeting 
Successful 


On Friday, June 11, there was a very 
successful meeting of the Boston branch 
of the A. S. M. E., at the Lowell build- 
ing of the Massachusetts Institute of 
Technology, Professor Hollis presiding 
and E. I. Moultrop acting as secretary. 

The meeting opened at eight o'clock 
with a few preliminary remarks by Pro- 
fessor Hollis with regard to the object 
of the meeting, and he invited all in- 
terested in mechanics to attend the meet- 
ing. He introduced Calvin W. Rice, who 
assured those present that this was not 
a branch meeting but a bona-fide meet- 
ing of the association, and he hoped they 
would so consider it. 

The subject of the evening was then 
taken up, the discussion of Mr. Orrok’s 
paper, which discussion was opened by 
Dr. Lowenstein of Lynn, followed by a 
representative of the Terry Turbine Com- 
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DETAILS oF “SUCCESS” BOILER-COMPOUND FEEDER 
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pany, and he by a representative of the 
Sturtevant people, next the local repre- 
sentative of the De Laval people. He was 
followed by a representative of the Kerr 
people and the paper was also discussed 
by Capt. Manning of the Amoskeag Mills, 
C. P. Crissy and Richard H. Rice of 
Lynn. 

Professor Miller, of the Massachusetts 
Institute of Technology, had tabulated 
the efficiencies from the different curves 
on the board and offered a few remarks 
with them. Charles B. 
Burleigh also discussed the paper, and an 
abstract of his remarks appears .on an- 
other page of this number. 

There were about 159 present. 


in connection 





Carborundum in Wireless Teleg- 





raphy 
By J. O. Situ 
Carborundum as an abrasive is un- 
doubtedly a pretty well-known article 


among the readers of Power, but it is 
doubtful if many that it is 
now used by the big American wireless 
telegraph company, the United, as a de- 
In fact it 
has almost entirely supplanted other sub- 
stances, such as silicon, molybdenite, ete., 
in this particular work, because of its 
greater reliability for all-around service, 
it being affected to a hardly noticeable 


are aware 


tector in receiving instruments. 


degree by the heavy discharges of the 
sending apparatus, as is common with 
other substances, and thus not requiring 
new adjustment after each period of 
sending. 

Carborundum comes from the clectric 


furnaces at Niagara Falls in cakes about 
an inch or two in thickness, and in color 
ranges from a silver-gray to plain black, 
sometimes with all the colors of the spec- 
trum interspersed, including the inimitable 
green of Niagara. 
not mix in one jumble, but runs in sec- 
tions, and the dark blue, solid portion of 
the part the 
after. Carborundum seems to be the hard- 
est when the color is dark blue, and when 
a piece of this kind is used the oscilla- 
tions give a sharp, clear tone in the re- 
ceiving telephones, which quality seems to 
be lacking in the other colors; for when 
it is of any other color it seems to be 
softer and the sounds are inclined to be 
mushy. 

The writer has made a careful study 
of this question and can procure no car- 


This color scheme does 


a cake is wireless man is 


borundum of any color that can approach 
in any way the dark blue for sensitive- 
ness and general utility. Carborundum 
has a positive and negative side and care- 
ful adjustment must be made with this in 
view in work.. It has a 
high resistance to direct current, but is 
susceptible to alternating-current oscilla- 
tions; one of the reasons why it is found 
so useful in wireless telegraphy. 


wireless also 
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Disastrous Boiler Explosion at 
Denver 


At 6 o’clock on the evening of June 
15, a boiler explosion, serious in the loss 
of life it produced, occurred in the west 
side plant of the Denver Gas and Electric 
controlled and 


Company, which is op- 
erated by Henry L. Doherty, of New 
York City. The plant in question is the 


largest of the three stations in Denver 
operated by this company, and has a ca- 
pacity of about gooo boiler horsepower. 
It is really the main distributing station, 
as the other two are smaller and are tied 
in with the main station. 

Some three years ago an addition was 
made to the station, and in this new part 
were installed two 400-horsepower Wickes 
vertical boilers, also a 2000-kilowatt Cur- 
tis turbine and two 1500-kilowatt direct- 
connected alternators. These units were 
supplied as much as possible with steam 
from the Wickes boilers, and the balance 
of the steam beyond their capacity was 
drawn from the remainder of the boiler 
installation, consisting of Heine watef- 
tube boilers, the piping being so arranged 
that it was an easy matter to switch from 
the new installation to the older boilers, 
or draw from both as desired. 

The explosion occurred in one of the 
Wickes boilers, which was carrying 150 
pounds steam pressure. The tubes all 
broke away from the lower drum and the 
upper part of the boiler went straight 
up into the air for a distance of 300 feet, 
then dropped down through the roof of 
the old part of the station at a point 175 
feet distant, landing directly on top of 
two generators, one a 500-kilowatt, 500- 
volt, direct-current belted machine and 
the other a 600-kilowatt, 2300-volt, alter- 
nating-current belted generator. Part of 
the gallery and railing in front of the 
switchboard were torn away, but the 
switchboard was not injured. None of 
the prime movers in the station was 
harmed in the slightest degree, and what 
is more strange the piping of the Heine 
boilers was all left intact, so that the 
station was put in operation in a very 
short time after the accident. Only the 
piping in the new part of the station was 
twisted out of place, and the second 
Wickes boiler was toppled over but did 
not explode, although it was carrying full 
steam pressure. 

Three firemen who were working 
around the Wickes boilers were reported 
killed, among them being Chief Engineer 
Harry Lishner, and a child one-half a 
mile distant met a similar fate from fly- 
ing débris. Six others in the plant were 
seriously injured and others in the im- 
mediate vicinity received injuries of a 
more or less serious character. The 
damage to property is estimated at $75,- 
000, and from this standpoint the owners 
of the plant were most fortunate, as the 
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general destruction of the plant might 
easily have been expected. 

It has been. rumored that low 
was the cause of the explosion, the fire- 
man pumping in a fresh supply instead 
of pulling the fires and observing the 


water 


usual precautionary measures. Within a 
week previous to the explosion, William 
Lawless, deputy boiler inspector for the 
city, had made an interior inspection and 
W. H. Odett, chief inspector for the 
London Guarantee and Accident Com- 
pany, had made an exterior inspection 
about the same time and had inspected the 
interior in February. Neither could ac- 
count for the explosion. 

It is reported that this is the first ex- 
plosion of a Wickes boiler, and it will 
be of interest to learn from the manu- 
facturer or perhaps from the London 
Guarantee and Accident Company, in 
which the boilers were insured, the exact 
cause of the explosion. Photographs of 
the accident and a fuller description will 
be published in an early issue. 





Cleveland Industrial Exposition 


The Cleveland (Ohio) Industrial 
Exposition, which was held from June 
7 to 19, inclusive, was an unqualified suc- 
cess and unique in that it was participated 
in by Cleveland industries only. The 
project of thus exploiting Cleveland-made 
products conceived in December, 
1908, and it received such hearty sup- 
port by the local manufacturing interests 
that it was soon seen that the available 
public halls would not accommodate the 
prospective exhibitors. Therefore, an ex- 
position building having a larger ground- 
floor exhibit area than any other exposi- 
tion structure in the country was erected. 
The total area was 72,030 square feet. 
It was nearly opposite the Central armory, 
the use of which for exhibition purposes 
was also secured, giving a total area of 
114,565 square feet, including the bridge 
connecting the exposition building and the 
armory. 

The walls of the new building, which 
was on the site of the proposed city hall, 
were of wood covered with staff, and 
it had a fire- and waterproof canvas roof 
supported by three huge masts mounted 
on structural-iron supports anchored to 
30-ton blocks of iron-weighted concrete. 

F. F. Prentiss, of the Chamber of 
Commerce, chairman of the executive 
committee, suggested the exposition. 


was 





Business Items 





There are now in operation thirteen sets of 
Neemes shaking grates in the Fulton Mills of 
the American Woolen Gompany, Fulton, N. Y. 
The Woolen company has just ordered from 
Neemes Bros., of Troy, N. Y., ten more sets 
six feet six inches square. This will make 23 
sets of these grates in use in these mills. 


The Farmers’ Codperative Brick and Tile 
Company, of Mason City, Iowa, has ordered 





June 29, I9g09. 





a 14x30-inch heavy-duty Twin City Corliss 
engine from the Minneapolis Steel and Machin- 
ery Company, together with transmission 
machinery and piping for the plant. This is 
the second Twin City Coriiss engine that they 
have installed within a year. 

Further improvement in trade conditions 
is reported by the Wisconsin Engine Company, 
of Corliss, Wis., which has recently shipped two 
more of its ‘“higher-speed’’ Corliss engines, 
one for the Chicago, Milwaukee & St. Paul 
Railroad Company and the other to the Carbon 
brick yards, at Carbon, Penn. The above 
company reports a large number of inquiries, 
not only for its standard and “higher’’ speed 
Corliss engines, but for its complete-expansion 
gas engines, most of the inquiries being from 
well-known concerns to which operating econo- 
mies are of great importance. 

A new folder issued by the International 
Acheson Graphite Company is known as 273-B. 
It is descriptive of the company’s graphited 
greases, products which are designed for gear, 
cup and ball-bearing use. In the manufacture 
of its graphited grease, the company states 
that it uses the purest and best graphite, which 
is a perfect lubricant in itself. The graphite 
and grease are carefully blended, and it is claimed 
that the resultant product will do far more work 
than any other grease product on the market, 
great value being given the combination by the: 
superior lubricating qualities of the graphite. 


The Chapman Valve Manufacturing Com- 
pany recently issued $300,000 worth of pre- 
ferred stock. This was done because the 
board of directors, in conjunction with the 
stockholders, believe that a better product, if 
such a thing be possible, must be put on the 
market to keep up with competition. They 
advise us that the Chapman valve has been 
the standard for high class for years. It 
would, therefore, appear that this company 
has no intention of allowing its product. to 
remain at a standstill on past reputation, but 
intends to make an even greater fame for 
Chapman valves. Under these conditions it 
is not at all strange that this preferred stock 
has been over-subscribed three or four times, 
as we are given to understand from reliable 
sources, 





Help Wanted 


Advertisements under this head are 
for 25 cents per line. 
a line. 

WANTED—tThoroughly competent 
specialty salesman; one that can sell high- 
grade goods. Address ‘“M. M. Co.,’? Power. 

AN ENGINEER in each town to sell the 
best rocking grate for steam boilers. Write 
Martin Grate Co., 281 Dearborn St., Chicago. 

WANTED—Engineer salesman for indus- 
trial and central heating and power plants 
to travel in middle West territory. Must have 
had technical training and at least five years’ 
experience in selling heating systems and power 


inserted 
About six words make 


steam 


station equipment. High grade men _ with 
first-class references only need apply. Box 
64, PowER. 

WANTED—A_ good live agent in every 


shop or factory in the U. S. to sell one of the 
best known preparations for removing grease 
and grime from the hands without injury to 
the skin. Absolutely guaranteed. An agent 
can make from $5.00 to $25.00 over and above 


his regular salary. This is no fake. Write 
for free sample and agents’ terms. The Klen- 
zola Co., Erie, Pa. 

Miscellaneous 

Advertisements under this head are inserted 
for 25 cents per line. About six words make 
a line. 

PATENTS secured promptly in the United 
States and foreign countries. Pamphlet of 
instructions sent free upon request. C. L. 
Parker, Ex-examiner, U. 8S. Patent Office, 


McGill Bldg., Washington, D. C. 

WANT TO GIVE FREE of cost or work, 
to one engineer in each town that has charge 
of a steam plant, a first-class indicator and 
reducing wheel, with plush-lined mahogany 
case; this doesn’t sound right but it is. G. L. 
C. Co., Cor. 14th and Clark Sts., Manitowoc, Wis. 


HAVE A FIRST-CLASS MACHINE SHOP 
and am desirous of extending my line. Have 








